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This new 1982 edition 
of the National 
Semiconductor 
Linear Databook is the most comprehensive available. It 
presents approximately 2000 pages of specifications 
for 
our high technology 
linear products. 
Applications, 
de- 


scriptions, 
features and diagrams 
in this databook 
in- 
clude 
detailed 
sections 
for 
Voltage 
Regulators, 
Op 
Amps, Voltage Comparators, A to D, D to A Converters, 
Industrial Blocks and Audio, Radio and TV Circuits. 


The data book also features advanced telecommunica- 
tion devices and speech synthesis (DIGITALKER™), plus 
other non-state-of-the-art 
linear products 
offering 
per- 
formance, economy, quality and reliability. 
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POLICY 


NATIONAL'S 
PRODUCTS 
ARE NOT AUTHORIZED 
FOR USE AS CRITICAL 
COMPONENTS 
IN LIFE SUPPORT 
DEVICES 
OR 


SYSTEMS 
WITHOUT 
THE 
EXPRESS 
WRITTEN 
APPROVAL 
OF 
THE 
PRESIDENT 
OF 
NATIONAL 
SEMICONDUCTOR 


CORPORATION. 
As used herein: 


1. life 
support 
devices 
or systems 
are devices 
or systems 


which, 
(a) are 
intended 
for 
surgical 
implant 
into 
the 


body, or (b) support 
or sustain 
life, and whose 
failure 
to 


perform, 
when 
properly 
used 
in accordance 
with 
in- 


structions 
for use provided 
in the labeling, 
can be rea- 


sonably 
expected 
to result 
in a significant 
injury 
to the 


user. 


2. A critical 
component 
is any component 
of a life support 


device 
or system 
whose 
failure 
to perform 
can be rea- 
sonablyexpected 
to cause the failureof 
the life support 


device or system, 
or to affect 
its safety 
or effectiveness. 
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QUIKlOOK™, 
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Starlink™, 
Starplex™, 
Starplex 
WM, TRI-CODE™, 
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883BIRETS™, 


883SIRETS™, 
and 
XPU™ 
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of 
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Corp. 


Ordering Information 


PACKAGE 


D - 
Glass/Metal Dual-in-Line 
Package 


F - 
Glass/Metal Flat Pack 


H - 
TO-5 (TO-99, TO-l00, 
TO-46) 


J 
- 
Low Temperature 
Glass Dual-In-Line 
Package 


K - 
TO-3 (Steel) 


KC - 
TO-3 (Aluminum) 


N - 
Plastic Dual-In-Line 
Package 


P - TO-202 (D-40, Durawatt); 
also Single-In Line Package 


S - 
"SGS" Type Power Dual-In-Line 
Package 


T - 
TO-220 


W - 
Low Temperature 
Glass Flat-Pack 


Z - 
TO-92 


DEVICE NUMBER 


3,4, or 5 Digit Number Suffix 
Indicators: 


A - 
Improved Electrical Specification 


C - 
Commercial Temperature 
Range 


DEVICE 
FAMILY 


AD - 
Analog to Digital 


ADB - Analog to Digital Building 
Block 


AH - Analog Hybrid 


AM - 
Analog Monolithic 


BLX - 
Board Level System 


DAC - 
Digital to Analog Converter 


OM - 
Digital Monolithic 


DT - 
DIGITALKER™ 


HY - 
Hybrids 


LF - 
Linear FET 


LH - 
Linear Hybrid 


LM - 
Linear Monolithic 


MF - 
Monolithic 
Filter 


MM - 
MOS Monolithic 


TP - 
Telecommunications 
Product 


Devices are listed in the table of contents alpha-numerically 
by device family 
(LH, 
LM, LX, etc.) and then by device number. 


With most of National's 
proprietary 
linear circuits, a 1-2-3 numbering system is employed. The 1 denotes a Military 
temperature 


range device (-55°C 
to +125°C), 
the 2 denotes an Industrial 
temperature 
range device (-25°C 
to +85°Cl, 
and the 3 denotes a 
Commercial temperature 
range device (O°C to +70°Cl, 
i.e. LM101/LM201/LM301. 


Exceptions 
to 
this 
are the 
LM1800 
series of consumer circuits 
which 
are specified for 
the commercial 
temperature 
range; 
some hybrid 
circuits 
which 
employ 
a "C" 
suffix 
to denote the commercial 
temperature 
range; and second-source products 
which follow 
the original 
manufacturers 
numbering system, i.e. LM741/LM741C 
or LM1414/LM1514. 


Parts are generally 
listed in the table of contents 
by military 
part number first, 
i.e. LM139/LM239/LM339. 
Where a separate 
data sheet exists for a different 
temperature 
range, the device will 
be listed separately, i.e. LMl19/LM219 
and listed separately 


LM319. Where only one temperature 
range exists, the part will be listed in its proper order, i.e. LM340. 
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1-9 


Positive 3-Terminal Fixed 
LM109/LM209/LM309 
5-Volt Regulator. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1-18 


LM123/LM223/LM3233 
Amp, 5 Volt Positive 
Regulator. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-47 


LM140A/LM140/LM340A/LM340 
Series 3-Terminal 
Positive 
Regulators. 
. . . . . . . . . . . . . . . .. 
1-76 


LM140LlLM340L 
Series 3-Terminal 
Positive 
Regulators 
1-84 


LM3303-Terminal 
Positive 
Regulator 
......................................•.•..... 
1-128 


LM341 Series 3-Terminal 
Positive 
Regulators. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-136 


LM342 Series 3-Terminal 
Positive 
Regulators 
1-139 


LM2930 3-Terminal 
Positive 
Regulator 
1-170 


LM2931 Series Low Dropout 
Regulators 
1-176 


LM78XX Series Voltage 
Regulators 
1-181 


LM78LXX Series 3-Terminal 
Positive 
Regulators 
1-184 


LM78MXXSeries3-Terminal 
Positive 
Regulators 
1-190 


Positive 3·Terminal Adjustable 
LM117/LM217/LM317 
3-Terminal Adjustable 
Regulator. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-23 


LM117HV/LM217HV/LM317HV 
High Voltage 3-Terminal Adjustable 
Regulator. 
. . . . . . . . . .. 
1-31 


LM138/LM238/LM338 
5 Amp Adjustable 
Power Regulators. 
. . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-68 


LM150/LM250/LM350 
3 Amp Adjustable 
Power Regulators. 
. . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-91 


LM196/LM39610 
Amp Adjustable 
Voltage 
Regulators. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-99 


LM317L3-TerminaIAdjustableRegulator 
1-111 


Positive Multi-Terminal 
Adjustable 
LM105/LM205/LM305/LM305A, 
LM376 Voltage 
Regulators. 
. . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-13 


LM723/LM723C 
Voltage 
Regulator 
........................•............•.......... 
1-143 


Negative 
3·Terminal Fixed 
LM120 Series 3-Terminal 
Negative 
Regulators. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-39 


LM145/LM245/LM345 
Negative 
Three Amp Regulator. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-87 


LM320ULM320ML 
Series 3-Terminal 
Negative 
Regulators 
1-122 


LM79XX Series 3-Terminal 
Negative 
Regulators 
1-193 


LM79LXXAC 
Series 3-Terminal 
Negative 
Regulators 
...........•..................... 
1-198 


LM79MXX 
Series 3-Terminal 
Negative 
Regulators 
1-202 


Negative 
3·Terminal Adjustable 
LM137/LM237/LM337 
3-Terminal Adjustable 
Negative 
Regulators. 
. . . . . . . . . . . . . . . . . . . .. 
1-58 


LM137HV/LM237HV/LM337HV 
3-Terminal 
Adjustable 
Negative 
Regulators 
(High Voltage). 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-63 


LM337L 3-Terminal Adjustable 
Regulator 
...........•.•........•.•..........•.•.... 
1-134 


Negative 
Multi-Terminal 
Adjustable 
LM104/LM204/LM304 
Negative 
Regulator. 
. . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . • . . . . . . .. 
1-10 


LM723/LM723C 
Voltage 
Regulator 
1-143 


Dual Tracking 
LM125/LM325/LM325A, 
LM126/LM326 
Voltage 
Regulators. 
. . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-51 


Switching 
LH1605/LH1605C 
5 Amp, High Efficiency 
Switching 
Regulator 
1-163 


LM104/LM204/LM304 
Negative 
Regulator 
_ 
_. . .. 
1-10 


LM723/LM723C 
Voltage 
Regulator 
1-143 


LM1524/LM2524/LM3524 
Regulating 
Pulse Width 
Modulator 
1-148 


3·TERMINAL 
POSITIVE 
VOLTAGE 
REGULATORS 


Output 
Available 
VOUT 
Regulation 
VIN 
Ripple 


Current 
Device 
VOUT 
Tol. 
Line INote 11 
Load (Note 21 
(VI 
Rejection 


IAI 
IV) 
(±%l 
% VOUTIVIN 
% VOUTIVIN 
Max 
IdBI 


10 
LM196, 
LM396 
1.25 to 15 (Adjustable) 
N/A 
0.005 
0.1 
20 
74 


5 
LM138, 
LM238 
1.2 to 32 (Adjustable) 
N/A 
0.005 
0.1 
35 
86 


LM338 
1.2 to 32 (Adjustable I 
N/A 
0.005 
0.1 
35 
86 


3 
LM150, 
LM250 
1.2 to 32 (Adjustable) 
N/A 
0.005 
0.1 
35 
86 


LM350 
1.2 to 32 (Adjustable) 
N/A 
0.005 
0.1 
35 
86 


LMl 23K, LM223K 
5 
6 
0.01 
0.5 
20 
75 
LM323K 
5 
4 
0.01 
0.5 
20 
75 


1.5 
LM117, 
LM217 
1.2 to 37 (Adjustable) 
N/A 
0.01 
0.1 
40 
80 
LM317 
1.2 to 37 (Adjustablel 
N/A 
0.01 
0.1 
40 
80 


LM117HV, 
LM217HV 
1.2 to 57 (Adjustable) 
N/A 
0.01 
0.1 
60 
80 
LM317HV 
1.2 to 57 (Adjustablel 
N/A 
0.01 
0.1 
60 
80 


LMl 09K, LM209K 
5 
6 
0.004 
1.0 
35 
80 
LM309K 
5 
4 
0.004 
1.0 
35 
80 


LM140K 
5,12,15 
4 
0.02 
0.5 
35 
66-80 


LM140AK 
5,12,15 
2 
0.002 
0.1 
35 
66-80 


LM340 
5,12,15 
4 
0.02 
0.5 
35 
66-80 


LM340A 
5,12,15 
2 
0.002 
0.1 
35 
66-80 


LM78XXC 
5,12,15 
4 
0.03 
0.5 
35 
66-80 


0.5 
LM117H, 
LM217H 
1.2 to 37 IAdjustable) 
N/A 
0.01 
0.1 
40 
80 
LM317H 
1.2 to 37 (Adjustable) 
N/A 
0.01 
0.1 
40 
80 


LM117HVH, 
LM217HVH 
1.2 to 37 (Adjustable) 
N/A 
0.01 
0.1 
40 
80 
LM317HVH 
1.2 to 37 (Adjustable) 
N/A 
0.01 
0.1 
40 
80 


LM317M 
1.2 to 37 (Adjustablel 
N/A 
0.01 
0.1 
40 
80 


LM341 
5,12,15 
4 
0.02 
0.5 
35 


LM78MXX 
5,12,15 
4 
003 
0.5 
35 


0.25 
LM342 
5,12,15 
4 
0.03 
0.5 
35 
53-64 


020 
LM109H, 
LM209H 
5 
6 
0.004 
0.4 
35 
80 
LM309H 
5 
4 
0.004 
0.4 
35 
80 


LM2930T 
5,8 
'10 
26V 
56 


LM330T 
5 
16 
26V 
56 


0.15 
LM2931 
5 and Adjustable 
'5 
0.008 
0.02 
26 
80 


0.10 
LM140L, 
LM240L 
5,12,15 
2 
0.02 
0.25 
35 
48-62 
LM317L 
1.2 to 37 (Adjustablel 
N/A 
0.01 
0.1 
40V 
65 


LM340L 
5,12,15 
2 
0.02 
0.25 
35 
48-62 
LM78LXXA 
5,12,15 
4 
003 
0.25 
35 
45-60 


Note 
1: 
Line regulation 
is the change in output 
voltage for a change in input voltage. 


Note 2: 
Load regulation 
is the change in output 
voltage due to a change in load current 
from no load to full load. 
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Regulator Guice 
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-15V 
lMI96/lMJ96K-8TEEl 
1.2V 
AOJ~STAB~E- 


{ 
lMl Jl/lM2Jl/lMJJ8K-8TEE 
l 
1.2V 
1.9 AOJ~STABlE- 
_JJV 


{ 


lMI2J/lM22J/lMJ2JK·ST 
EEl 
() 


()- 
ADIJUST~BLE 
lMI50/lM250/lMJ50K·STEE 
l 
1.2V 
:--- 
___ 
JJV 


I 


lMI17/lM217llMJI7K·STEE 
l 
1.2V 
() 
ADJUSTABLE 
J5V 


lM117HV IlM217HV IlMJI7HVK·STEE 
l 
1.2V 
o~ 
ADJUSTABLE :--- 
___ 
57V 


I 
I 
I 


lMJ17T 
1.2V 
,(J - AD1JUSTjBlE - 


___ 
J7V 


lMl09K/lM209K/lMJ09K·STEEl, 
lMJ09K 
(All 
() 
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lMI40AKllMJ40AK, 
lM140KIlMJ40K 
{9 
lM7BXXCK (All 
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I 
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lMJ40T 
t? 
,,<$',.& 
lM7BXXCT 
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lMJ17MP 
1.2V 
,~"<$>- AD 


1 
JUST1BLE - 


___ 
J7V 


10. 
I 
I 


lM117HVHIlM217HV 
H/lMJ17HVH 
1.2V 
#-ADJUSTABlE 
- 


___ 
51V 


I 
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lM117HllM217H/lMJ17H 
1.2V 
#-ADJUSTABlE 
J7V 


I 
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lMJ41P 
~"<$> 
/$/$ 
lMllMXXCP 


{ 
lMJ42P 
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,~ ., 
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lMl09H/lMZ09HllMJ09H 
~ 
lM29JOT 


~ 
(J 
lMJJOT 
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lMZ931H 
b 


lM29J1Z·5 
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lM29JIT 
J.OV 
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~-AtJUSIABlE 
- 
---24V 


lMJ40lAH 
~ 
~~ 
lM78lXXCH 
lM78lXXACH 


I 
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lMJ40lAZ 
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lM78lXXCZ 
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,IJ,IJ 


lM78lXXACZ 


lMJ17lZ 
1.2V 


I 
f-ADiUSTiBlE 
---40V 


* All 
devices 
with 
TO-3 
package 
desig- 


nators 
(K 
or 
K 
STEEL) 
are 
supplied 
in steel 
TO-3 
packages 
unless 
otherwise 
designated 
as 
(All 
aluminum 
TO-3 
package. 
All 
KC 
designated 
devices 


are supplied in aluminum 
TO·3. 


PACKAGE 
PACKAGE 
DESIGNATOR 
TYPE 


0 


K 
TO·3* 
KC 
K STEEL 
HERMETIC 


tJ 
T 
TO·220 
PLASTIC 


£9 
P 
TO·202 
PLASTIC 


f) 
H 
TO·5, TO·39 
HERMETIC 


P 
Z 
TO·92 


PLASTIC 


12 
15 


Vo - NOMINAL REGULATED OUTPUT VOLTAGE (VI 


3-TERMINAL 
NEGATIVE 
VOLTAGE 
REGULATORS 


Output 
Available 
VOUT 
Regulation 
VIN 
Ripple 


Current 
Device 
VOUT 
Tol. 
Line (Note 1) 
Load (Note 2) 
(VI 
Rejection 
(AI 
(VI 
('%1 
% VOUTIVIN 
% VOUTIVIN 
M•• 
(dBI 


3 
LM145K, 
LM245K 
-5,0, 
-5.2 
2 
0.008 
0.6 
20 
68 


LM345K 
-5.0, 
-5.2 
4 
0.008 
0.6 
20 
68 


1.5 
LM137, LM237 
-1.2 
to -37 
(Adjustablel 
N/A 
0.006 
0.3 
40 
77 


LM337 
-1.2 
to -37 
(Adjustable I 
N/A 
0.007 
0.3 
40 
77 


LM137HV, 
LM237HV 
-1.2 
to -47 
(Adjustablel 
N/A 
0.006 
0.3 
50 
77 
LM337HV 
-1.2 
to -47 
(Adjustable) 
N/A 
0.007 
0.3 
50 
77 


LM120K 
-5 
2 
0.02 
0.3 
25 
64 


-12,-15 
35 (12V) 
80 


40 (15VI 
75 
70 


LM320K 
-5 
4 
0.02 
0.3 
25 
64 


-12, 
-15 
35 (12V) 
80 
40 (15VI 
75 
70 


LM320T 
-5 
4 
0.02 
0.3 
25 
64 


-12, 
-15 
35 (12V, 15VI 
75-80 
70 


LM79XXC 
-5 
4 
0.03 
0.4 
35 
66-70 


-12, 
-15 


0.5 
LM137H, 
LM237H 
-1.2 
to -37 
(Adjustable) 
N/A 
0.006 
0.3 
40 
77 


LM337H 
- 1.2 to -37 
(Adjustablel 
N/A 
0.007 
0.3 
40 
77 


LM137HVH, 
LM237HVH 
-1.2 
to -47 
(Adjustable) 
N/A 
0.006 
0.3 
50 
77 


LM337HVH 
-1.2 
to -47 
(Adjustable) 
N/A 
0.007 
0.3 
50 
77 


LM337M 
-1.2 
to -37 
(Adjustablel 
N/A 
0.007 
03 
40 
77 


LM120H 
-5.0 
2 
0.02 
06 
25 
64 
LM320H 
-5.0 
4 
0.02 
0.6 
25 
64 


LM320M 
-5 
4 
0.02 
0.6 
25 
60-64 


-12, 
-15 
4 
35 (12V, 15VI 
70-80 


LM79MXX 
-5, 
-12, 
-15 
4 
0.03 
0.7 
35 
58-60 


0.25 
LM320ML 
-5 
4 
0.01 
0.5 
35 
50-60 
-12,-15 


0.20 
LM120H 
-12 
2 
0.02 
0.1 
35(12VI 
70-80 
LM320H 
-15 
4 
0.02 
0.1 
40 (15V) 


0.10 
LM320L 
-5 
4 
0.01 
0.5 
35 
60-65 
-12,-15 


LM337LZ 
-1.2 
to -37 
N/A 
0.01 
0.1 
40 
65 


LM79LXXA 
-5, 
-12, 
-15 
, 


4 
0.02 
0.6 
35 
50-55 


i 


ap!n~ JOleln6aH 
a6e110/\ 


3.0 { 
,,{ 
I"I 
a: 
::>u 
I- 
::>.... 
I- 
::> 
0 
~I 
~ 0.5 
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LMI45K/LM245K/LM345K 
00 


LMI31/LM231/LM331K 
STEEL 
-31V 
{) 
- ADJUSTABLE 
-1.2V 


I 
I 
I 


LMI31HV/LM231HV/LM337HVK 
STEEL 
-47V 
()- 
ADJUSTABLE 
-1.2 V 
£,' , 
I 
LM331T 
-31V 
. ADJUSTABLE 
-1.2V 


LMI20K/LM320K. 
LM320KC. LM79XXCK 
(All 
00 
0 


LM320T 
(J(J 
(J 
LM19XXCT 


LMI 37HVH/LM237 
HVHILM337 HVH 
-47V 
#- ADJUSTABLE 
-1.2V 


I 
I 
I 


LMI31H/LM237H/LM337H 
-31V 
~ 
- 
ADJUSTABLE 
-1.2V 


~I 
I 
1 
LM337MP 
-37V 
C _ ADJUSTABLE 
-1.2V 


LM120H 
I 


LM320H 
~~ 
~ 


I 
I 


LM320MP 
(J(J 
t? 
LM79MXXCP 


I 
I 
I 


(J(J 


I 


LM320MLP 
(l 


I 


LM120H 
## 
LM320H 


LM320LCZ 
I~ 
LM19LXXCZ 
~ 
lM19lXXACZ 
-f, 


,.t)- ADJUSTABLE 


I 


LM337LZ 
-31V 
-1.2V 


'1 
I 
I 


-24 
-18 
-15 
-12 
-10 
-9 
-8 
-6 
-5.2 
-5 


Vo - NOMINAL 
REGULATED 
OUTPUT VOLTAGE 
(V) 


Voltage 
Regulator ( 


PACKAGE 
PACK 
DESIGNATOR 
TV 


() 


K 
TO 
KC 
K STEEL 
HERM 


() 
T 
To-2 
PLA~ 


P 


P 
To-2 
PLAS 
/.) 
H 
To-5.1 
HERM 


P 
Z 
To- 


PLAS 


• All 
devices 
with 
TO-3 
package 


nators 
(K 
or 
K 
STEEL) 
are 
su 
in steel 
TO-3 
packages 
unless 
oth 
designated 
as 
(AU 
aluminum 
package. 
All 
KC 
designated 
c 
are supplied 
in aluminum 
TO·3. 


Positive 
Programmable 
Voltage 
Regulator 


Negative 
Programmable 
Voltage 
Regulator 


VOUT 
Toler. 
",25°C 
(Max) 


Part Number 


Drift 
-55°C 
to -25°C 
to 
Page 


(Max) 
125°C 
85°C 
Number 


Internal 
programming 
resistors, 


adjustable 
current 
limit. 
0.008% 
0.055% 
0.1-200 


VOUT = 5,6.8. 
10. 12. 15. 18V 


~National 
~ 
Semiconductor 


Current-Limit 
Sense Voltage: 
The 
voltage 
across 
the 
current 
limit terminals 
required to cause the regulator 
to 
current-limit 
with 
a short 
circuited 
output. 
This 
voltage 
is used to determine 
the value of the external 
current·limit 
resistor when external 
booster transistors 


are used. 


Voltage Regulators 


Output-Input 
Voltage 
Differential: 
The voltage differ· 


ence 
between 
the 
unregulated 
input 
voltage and the 


regulated 
output 
voltage for which the 
regulator 
will 


operate within specifications. 


Output 
Noise 
Voltage: 
The 
RMS ac voltage 
at the 


output 
with constant load and no input ripple, measured 


over a specified frequency range. 


Output 
Voltage Range: 
The range of regulated output 


voltages over which the specifications apply. 


Output 
Voltage 
Scale 
Factor: 
The 
output 
voltage 


obtained 
for 
a unit 
value of resistance 
between 
the 


adjustment terminal and ground. 


Quiescent 
Current: 
That 
part of input current 
to the 


regulator that is not delivered to the load. 


Ripple 
Rejection: 
The 
line 
regulation 
for 
ac 
input 
signals at or above a given frequency 
with a specified 


value 
of 
bypass 
capacitor 
on 
the 
reference 
bypass 


terminal. 


Standby 
Current 
Drain: 
That 
part 
of the 
operating 


current 
of the regulator 
which does not contribute 
to 


the load current. 


Temperature 
Stability: 
The percentage change in output 


voltage for a thermal 
variation from room temperature 


to either temperature 
extreme. 


Thermal 
Regulation: 
Percentage 
change 
in 
output 


voltage for a given change in power dissipation 
over a 


specified time period. 


Dropout 
Voltage: 
The input-output 
voltage differential 


at which the circuit 
ceases to regulate against further 


reductions in input voltage. 


Feedback 
Sense 
Voltage: 
The 
voltage, 
referred 
to 
ground, on the feedback terminal of the regulator while 
it is operating in regulation. 


Input 
Voltage 
Range: 
The range of dc input voltages 
over which the regulator 
will operate 
within specifica- 


tions. 


Line Regulation: 
The change 
in output 
voltage for a 


change in the input voltage. The measurement 
is made 
under 
conditions 
of low dissipation 
or by using pulse 
techniques 
such that 
the average chip temperature 
is 
not significantly affected. 


Load Regulation: 
The change 
in output 
voltage for a 
change 
in load current 
at constant 
chip temperature. 


Long Term 
Stability: 
Output 
voltage 
stability 
under 
accelerated 
life-test conditions 
at 125°C with maximum 
rated 
voltages and power dissipation 
for 1000 hours. 


Maximum 
Power 
Dissipation: 
The 
maximum 
total 
device dissipation 
for which the regulator will operate 
within specifications. 
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~National 
~ 
Semiconductor 


Fixed or Adjustable Voltage Regulators 


At National 
we see the trend 
moving toward 
the use of 


more adjustable 
regulators 
and we are broadening 
the 


adjustable 
line to satisfy 
this demand. 


As you browse 
through 
this 
Voltage 
Regulator 
section 


you will 
notice 
many changes. 
We've expanded 
the ad- 


justable 
regulator 
line and many voltage options 
on fixed 


regulators 
have been deleted. 


The 
fixed 
voltage 
regulators, 
like 
the 
7800 and 
7900 


series, resulted 
in customers 
having to stock and hold in 


inventory 
quantities 
of each voltage 
in order to always 


have on hand a specific 
device for a particular 
system. 
This proved to be very costly 
especially 
when production 


was stopped 
due to shortage 
of a particular 
voltage. 


Adjustables 
combine 
versatility, 
performance 
and relia- 
bility, 
leading 
to increased 
popularity. 


• 
Satisfy 
output 
voltage 
requirements 
from 
1.2V up to 


47V 


• 
Simplify 
inventory 
and 
purchasing 
since 
a 
single 


device satisfies 
many voltage 
requirements 


• 
Allows 
precision 
application 


• 
Improves system performance 
by having line and load 


regulation 
a factor 
of 10 better 


• 
Has 
improved 
overload 
protection 
thus 
allowing 


greater 
output 
current 
over 
operating 
temperature 


range 


• 
Improves 
system 
reliability 
with 
each 
device 
being 


subjected 
to 100% thermal 
limit burn-in 


As 
more 
and 
more 
applications 
use 
adjustable 


regulators, 
we believe 
that 
they 
will 
become 
the most 


popular 
regulators 
in the industry. 
- 
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LM104/LM204/LM304 Negative Regulator 
General 
Description 


The 
LM104 
series 
are precisIOn 
voltage 
regulators 


which 
can 
be 
programmed 
by 
a single 
external 
resistor 
to 
supply 
any 
voltage 
from 
40V 
down 
to 


zero 
while 
operating 
from 
a single 
unregulated 


supply. 
They 
can 
also provide 
0.0 l·percent 
regula- 


tion 
in 
circuits 
using 
a 
separate, 
floating 
bias 


supply, 
where 
the 
output 
voltage 
is limited 
only 


by 
the 
breakdown 
of 
external 
pass 
transistors. 


Although 
designed 
primarily 
as 
linear, 
series 


regulators, 
the 
circuits 
can 
be 
used 
as switching 
regulators, 
current 
regulators 
or 
in a number 
of 


other 
control 
applications. 
Typical 
performance 


characteristics 
are: 


• 
Subsurface 
zener 
reference 


• 
1 mV regulation 
no load to full load 


• 
0.01 %IV line regulation 
• 
0.2 mV IV ripple 
rejection 


• 
0.3% 
temperature 
stability 
over 
military 
tem· 


perature 
range 


The 
LM104 
series 
are complements 
of the 
LM100 
and 
LM105 
positive 
regulators, 
intended 
for 
systems 
requiring 
regulated 
negative 
voltages 


which 
have 
a common 
ground 
with 
the 
unregu- 


lated 
supply. 
By 
themselves, 
they 
can 
deliver 


output 
currents 
to 
25 mA, but 
external 
transistors 


can 
be 
added 
to 
get 
any 
desired 
current. 
The 
output 
voltage 
is 
set 
by 
external 
resistors, 
and 
either 
constant 
or 
foldback 
current 
limiting 
is 


made 
available. 


The 
LM 104 
is specified 
for 
operation 
over 
the 
_55°C 
to +125°C 
military 
temperature 
range. 
The 


LM204 
is specified 
for operation 
over the _25°C 
to 


+85°C 
temperature 
range. 
The 
LM304 
is specified 


for operation 
from 
O°C to + 70°C. 
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Order Number 
LM104H, 
LM204H 
or LM304H 


See NS Package H 1OC 
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Input Voltage 
Input-Output 
Voltage Differential 


Power Dissipation 
(Note 1) 


Operating Temperature 
Range 
LM104 
LM204 
LM304 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 10 see) 


LM104/LM204 


50V 
50V 
500 mW 


40V 
40V 
500 mW 


_55°C to 125°C 


_25°C to 85°C 


_65°C to 150°C 


300°C 


O°C to +70°C 


--65°C to +150°C 
300°C 


CONDITIONS 
LM104/LM204 
LM304 
UNITS 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Voltage Range 
-50 
-8 
-40 
-8 
V 


Output Voltage Range 
-40 
-{).015 
-30 
-{).035 
V 


Output-Input Voltage 
10 = 20 mA 
2.0 
50 
2.0 
40 
V 


Differential (Note 3) 
10 = 5 mA 
0.5 
50 
0.5 
40 
V 


Load Regulation (Note 4) 
O~ 10 ~ 20 mA 
Rse = 15n 
1 
5 
1 
5 
mV 


Line Regulation (Note 5) 
VOUT 
~ -5V 


.:lV'N = 0.1 V'N 
0.056 
0.1 
0.056 
0.1 
% 


Ripple Rejection 
C'9 = lO/lF, f = 120 Hz 
V'N < -15V 
0.2 
0.5 
0.2 
0.5 
mVIV 
-7V ~ V'N ~ --15V 
0.5 
1.0 
0.5 
1.0 
mVIV 


Output Voltage ScaleFactor 
R23 = 2.4k 
1.8 
2.0 
2.2 
1.8 
2.0 
2.2 
V/kn 


Temperature 
Stability 
Vo ~ -lV 
0.3 
1.0 
0.3 
1.0 
% 


Output 
Noise Voltage 
10 Hz~f~ 
10 kHz 
Vo ~ -5V, C'9 = 0 
0.007 
0.007 
% 


C'9 = 10/lF 
15 
15 
/lV 


Standby 
Current 
Drain 
IL =5mA, 
Vo =0 
1.7 
2.5 
1.7 
2.5 
mA 


Vo = -30V 
3.6 
5.0 
mA 
Vo = -40V 
3.6 
5.0 
mA 


Long Term Stability 
Vo ~ -lV 
0.01 
1.0 
0.01 
1.0 
% 


Note 
1: 
The maximum 
junction 
temperature 
of the LM104 
is 150°C, 
while that of the LM204 
is 12SoC 
and LM304 
is lOOoe. 


For operating at elevated temperatures, devices in the TO-S package must be derated based on a thermal resistance of 150°CIW, 
junction 
to ambient, 
or 4SoC/W, 
junction 
to case. 


Note 
2: 
These 
specifications 
apply 
for junction 
temperatures 
between 
-55"C 
and 
150"C 
(between 
-2S"C 
and 
100°C 
for the 
LM204 
and DOC to +85"C 
for the LM304) 
and for input and output voltages within the rangesgiven, unless otherwise specified. 


The load and line regulation specifications are for constant junction 
temperature. 
Temperature 
drift 
effects must be taken into 
account separately when the unit is operating under conditions of high dissipation. 


Note 3: 
When external booster transistors are used, the minimum output-input 
voltage differential 
is increased, in the worst case, 


by approximately 
1V. 


Note 4: 
The output 
currents given, as well as the load regulation, can be increased by the addition 
of external transistors. The 


improvement factor will be roughly equal to the composite current gain of the added transistors. 


Note 5: 
With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between OV 


and -5V, a dc output 
variation, 
determined 
from 
the ripple rejection, 
must be added to find the worst-case line regulation. 


Typical Performance 
Characteristics 


Load Regulation 
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Current 
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LM105/LM205/LM305/LM305A, LM376 Voltage Regulators 


The 
LM10S series are positive voltage regulators 


similar 
to the LM100, 
except that 
an extra gain 


stage has been added 
for 
improved 
regulation. 
A redesign of 
the biasing circuitry 
removes any 


minimum 
load 
current 
requirement 
and 
at the 
same time 
reduces standby current drain, permit- 


ting 
higher 
voltage 
operation. 
They 
are direct, 
plug-in 
replacements 
for 
the 
LM100 
in 
both 


linear and switching 
regulator circuits with output 


voltages greater than 4.SV. Important 
characteris- 
tics of the circuits are: 


• 
Output voltage adjustable from 4.SV to 40V 


• 
Output 
currents 
in excess of 
lOA 
possible by 


adding external transistors 


• 
Load regulation 
better than 0.1 %, full load with 


current limiting 


• 
DC line regulation guaranteed at 0.03%/V 


• 
Ripple rejection of 0.01 %/V 


• 
4S mA 
output 
current 
without 
external 
pass 


transistor (LM30SA) 


Like the LM 100, they also feature fast response to 
both 
load 
and 
line 
transients, 
freedom 
from 
oscillations 
with 
varying 
resistive 
and 
reactive 


loads and the ability 
to start reliably 
on any load 
within 
rating. 
The circuits 
are built 
on a single 


silicon 
chip and are supplied 
in either an 8-lead, 


TO-S header or a 1/4" 
x 1/4" 
metal flat package. 


The LM10S is specified for operation for -SSoC ~ 


T A 
~ +12SoC, the LM20S is specified for -2SoC < 


TA 
~ 
+8SoC, and the LM30S/LM30SA, 
LM376 ~ 
specified for O°C ~ T A 
~ 
+70°C. 
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Order Number LM105H, 


LM205H. 
LM305H 
or LM305AH 
See NS Package 
HOSe 


III 
fprotects'liinststlonltdinput 


11)11. 
or inductive loldson 
un'qu· 


,\ 
I.tedsupply. 


"PtotlCts.,.inst 
input wolt'lf 


rewrul. 


tProtedl 
••• inst 
OUtput 


YOla •• ,-w. 


- 


LM105/LM205/ 
LM305/LM305A, 


Absolute 
Maximum 
Ratings 
LM105 
LM205 
LM305 
LM305A 
LM376 


Input 
Voltage 
50V 
50V 
40V 
50V 
40V 


Input-Output 
Differential 
40V 
40V 
40V 
40V 
40V 


Power 
Dissipation 
lNote 
1) 
800 mW 
800 mW 
800 mW 
800 mW 
400 mW 


Operating 
Temperature 
Range 
-5S-C 
to +125 c: 
-25°C 
to +8SoC 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


Storage 
Temperature 
Range 
-6S 


QC 
to +150vC 
-65°C 
to +150°C 
--6SoC to +150°C 
-6SoC 
to +150°C 
-6SoC 
to +150°C 


Lead Temperature 
(Soldertng, 
10 seconds) 
300°C 
300 
C 
300°C 
300°C 
300°C 


Electrical Characteristics 
(Note 2) 


PARAMETER 
LM105 
LM205 
LM305 
LM305A 
LM376 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Voltage 
Range 
8.5 
50 
8.5 
50 
8.5 
40 
8.5 
50 
9.0 
40 


Output 
Voltage 
Range 
4.5 
40 
4.5 
40 
4.5 
30 
4.5 
40 
5.0 
37 


Input-Output 
Voltage 
3.0 
30 
3.0 
30 
3.0 
30 
3.0 
30 
3.0 
30 


Differential 


Load 
Regulation 
RSC' 
10n. 
TA • 25°C 
0.02 
0.05 
0.02 
0.05 
0.02 
0.05 


(Note 
3) 
RSC = 10n. 
TA - TAIMAXI 
0.03 
0.1 
0.D3 
0.1 
0.03 
0.1 


RSC -lOn, 
TA - TAIMINI 
0.03 
0.1 
0.03 
0.1 
0.03 
0.1 


0$10$12mA 
0$10$12mA 
0$10 
$ 12 mA 


RSC ·on, 
TA' 
25°C 
0.02 
0.2 
0.2 


RSC' 
on, 
TA' 
70°C 
0.03 
0.4 
0.5 


RSC' 
on, 
TA - o°c 
0.03 
0.4 
a.!> 


0< 
10<45mA 
0$10 
$25 
mA 


Line 
Regulation 
TA'25°C 
0.03 
0°C";TA";+70°C 
0.1 


VIN - VOUT"; 
5V, TA' 
25°C 
0.025 
0.06 
0.025 
0.06 
0.025 
0.06 
0.025 
0.06 


VIN - VOUT;;' 
5V, TA = 25°C 
0.015 
0.03 
0.015 
0.03 
0.015 
0.03 
0.015 
0.03 


Temperature 
Stability 
TAIMINI $ TA $ TAIMAXI 
0.3 
1.0 
0.3 
1.0 
0.3 
1.0 
0.3 
1.0 


Feedback 
Sense Voltage 
1.63 
1.7 
1.81 
1.63 
1.7 
1.81 
1.63 
1.7 
1.81 
1.55 
1.7 
1.85 
1.60 
1.72 
1.80 


Output 
Noise 
Voltage 
10 Hz '5 f 'S: 10 kHz 


CREF • 0 
0.005 
0.005 
0.005 
0.005 


CREF' 
O.lpF 
0.002 
0.002 
0.002 
0.002 


Standby 
Current 
Drain 
VIN - 30V, TA - 25°C 
2.5 


VIN - 40V 
0.8 
2.0 


VIN·50V 
0.8 
2.0 
0.8 
2.0 
0.8 
2.0 


Current 
Limit 
TA - 25°C, RSC -lOn, 
225 
300 
375 
225 
300 
375 
225 
300 
375 
225 
300 
375 
300 


Sense Vol tage 
VOUT' 
OV, INote 41 


Long Term 
Stability 
0.1 
1.0 
0.1 
1.0 
0.1 
1.0 
0.1 
1.0 


Ripple 
Rejection 
CREF' 
10pF, f· 120 Hz 
0.003 
0.01 
0.003 
0.01 
0.003 
0.01 
0.003 
0.1 


Note 1: The 
maximum 
junction 
temperature 
of the LM105 
and LM305A 
is 150°C, 
the LM205 
and LM376 
is 100°C, 
and the LM305 
is 85°C. 
For operation 
at elevated temperatures, 
devices in the TC 


must be derated 
based on a thermal 
resistance of 150°C/W 
junction 
to ambient, 
or 4SoC/W junction 
to case. For the epoxy dual-in-line 
package, derating 
is based on a thermal 
resistance of 187°C/W 


ambient. 
Peak dissipations 
to 1W are allowable 
providing 
the dissipation 
rating 
is not exceeded with 
the power averaged over a five second interval for the LM105 
and LM205, 
and averaged over a t 


interval for the LM305. 


Note 2: 
Unless otherwise 
specified, 
these specifications 
apply for temperatures 
within 
the operating 
temperature 
range, for input and output 
voltages within 
the range given, and for a divider 
impedar 
the feedback 
terminal 
of 2 kn. 
Load and line regulation 
specifications 
are for a constant 
junction 
temperature. 
Temperature 
drift effects must be taken into account separately 
when the unit is oper~ 


conditions 
of high dissipation. 


Note 
3: 
The output 
currents given, as well as the load regulation, 
can be increased by the addition 
of external 
transistors. 
The 
improvement 
factor 
will 
be roughly 
equal to the composite 
current 
~ 
added transistors. 


Note 4: 
With 
no external 
pass transistor. 


Typical Performance Characteristics 
LM 105/LM205/LM305/LM305A 
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~National 
~ 
Semiconductor 
Voltage Regulators 


LM109/LM209/LM3095·Volt 
Regulator 


The 
LM 109 series 
are complete 
5 V regulators 
fabricated 
on 
a 
single 
silicon 
chip. 
They 
are 
designed 
for 
local 


regulation 
on digital 
logic cards, 
eliminating 
the distribu- 


tion 
problems 
associated 
with 
single-point 
regulation. 
The 
devices 
are 
available 
in 
two 
standard 
transistor 
packages. 
In the 
solid-kovar 
TO-5 
header, 
it can 
deliver 


output 
currents 
in excess 
of 
200 mA, 
if adequate 
heat 


sinking 
is provided. 
With 
the 
TO-3 
power 
package, 
the 


available 
output 
current 
is greater 
than 
1 A. 


The 
regulators 
are 
essentially 
blowout 
proof. 
Current 
limiting 
is included 
to 
limit 
the 
peak 
output 
current 
to 
a safe 
value. 
In addition, 
thermal 
shutdown 
is provided 
to 
keep 
the 
IC from 
overheating. 
If internal 
dissipation 
becomes 
too 
great, 
the 
regulator 
will 
shut 
down 
to 
prevent 
excessive 
heating. 


Considerable 
effort 
was expended 
to make 
these 
devices 
easy 
to 
use 
and 
to 
minimize 
the 
number 
of 
external 
components. 
It is not 
necessary 
to 
bypass 
the 
output, 


although 
this does 
improve 
transient 
response 
somewhat. 


Input 
bypassing 
is needed, 
however, 
if the 
regulator 
is 


Connection 
Diagrams 


Metal 
Can 
Packages 


Order Number LM109H, LH209H 


or LM309H 
See Package H03A 


Order Number LM109K 
STEEL, 


LM209K STEEL, LM309K STEEL 
See Package K02A 


Order Number LM309K (ALUMINUM) 


See Package KC02A 


located 
very 
far 
from 
the 
filter 
capacitor 
of the 
power 
supply. 
Stability 
is 
also 
achieved 
by 
methods 
that 


provide 
very 
good 
rejection 
of 
load 
or 
line 
transients 


as are usually 
seen with 
TTL 
logic. 


Although 
designed 
primarily 
as a fixed-voltage 
regulator, 


the 
output 
of 
the 
LM 109 
series 
can 
be 
set to voltages 


above 
5 V, as shown 
below. 
It is also possible 
to use the 


circuits 
as 
the 
control 
element 
in precision 
regulators, 


taking 
advantage 
of the good 
current-handling 
capability 


and the thermal 
overload 
protection. 


• 
Specified 
to 
be compatible, 
worst 
case, with 
TTL 
and 


DTL 


• 
Output 
current 
in excess 
of 1 A 


• 
Internal 
thermal 
overload 
protection 


·Required 
if regulator 
is located 
more 
than 
4" 


from 
power 
supply 
filter 
capacitor. 


tAlthough 
no output 
capacitor 
is needed 
forst1bility. 


it does improve transient response. 


C2 should 
be used 
whenever 
long wires 
illre used 
to 
connect to the load, or when transient response 
is critical. 


rUVV\::1 
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Operating 
Junction 
Temperature 
Range 
LM109 
LM209 
LM309 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 seconds) 


Electrical 
Characteristics 


-55°C 
to +150°C 
_25°C 
to +150°C 


DoC to +125°C 


_o5°C 
to +150°C 


300°C 


PARAMETER 
CONDITIONS 
LM109/LM209 
LM309 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output 
Voltage 
Tj=25°C 
4.7 
5.05 
5.3 
4.8 
5.05 
5.2 
V 


Line Regulation 
Tj=25°C, 
4.0 
50 
4.0 
50 
mV 


7V";; 
V1N";; 25V 


Load Regulation 
Tj=25°C 


TO-5 Package 
5mA .,;; lOUT";; 0.5A 
15 
50 
15 
50 
mV 
TO-3 Package 
5mA .,;; lOUT";; 1.5A 
15 
100 
15 
100 
mV 


Output Voltage 
7V";; 
V1N.,;;25V, 
4.6 
5.4 
4.75 
5.25 
V 


5mA .,;; lOUT";; IMAX' 


P < PMAX 


Quiescent Current 
7V";; 
V1N";; 25V 
5.2 
10 
5.2 
10 
mA 


Quiescent Current Change 
7V";; 
V1N";; 25V 
0.5 
0.5 
mA 


5mA .,;; lOUT";; IMAX 
0.8 
0.8 
mA 


Output 
Noise Voltage 
TA=25°C 
40 
40 
flV 


10Hz";; 
f";; 
100kHz 


Long Term Stability 
10 
20 
mV 


Ripple Rejection 
Tj=25°C 
50 
50 
dB 


Thermal 
Resistance, 
(Note 2) 
Junction 
to Case 


TO-5 Package 
15 
15 
°C/W 
TO-3 Package 
2.5 
2.5 
°C/W 


Note 
1: Unless 
otherwise 
specified, 
these 
specifications 
apply 
-55°C 
~ Tj ~ +l50°C 
for the 
LM109, 
-25°C 
~ Tj ~ +l50°C 
for the 
LM209, 
and 
O°C" Tj" 
+12SoCfor the LM309; VIN~ IOV; and 10UT~O.IA for the TO-39 package or 10UT=O.SAfor the TO-3 package. For the TO-39 package, 


IMAX= O.2A and PMAX~ 2.0W. For the TO-3 package, IMAX= I.OA and PMAX= 20W. 


Note 
2: Without 
a heat sink, the thermal 
resistnace 
of the TO-39 package 
is about 
150°C/W, 
while that of the TO-3 package 
is approximately 


35°C/W. 
With 
a heat sink, the effective 
thermal 
resistance can only approach 
the values specified, 
depending 
on the efficiency 
of the sink. 


*Regulation 
better than 0.01%, load, line and temperature, can be obtained. 


tOetermines 
zener current. May be adjusted to minimize thermal drift. 


tSolid 
tantalum. 


- 


Application Hints 


a. Bypass the 
input 
of 
the 
LM 109 
to 
ground 
with 


;;. 0.2 fJ.Fceramic or solid tantalum capacitor if main 
filter capacitor is more than 4 inches away. 


b. Use steel package instead of aluminum 
if more than 
5,000 thermal cycles are expected. (Ll.T ;;. 50°C) 


c. Avoid 
insertion 
of 
regulator 
into 
"live" 
socket 
if 
input 
voltage 
is greater than 
10 V. The output 
will 


rise to 
within 
2 V of 
the unregulated 
input 
if the 
ground pin does not make contact, possibly damaging 
the load. The LM109 may also be damaged if a large 
output 
capacitor 
is charged 
up, 
then 
discharged 
through 
the 
internal 
clamp zener when the ground 
pin makes contact. 


d. The output 
clamp zener is designed to absorb tran- 


sients only. 
It will 
not clamp the output 
effectively 


if 
a failure 
occurs in the 
internal 
power transistor 


structure. 
Zener dynamic 
impedance is '" 4.11..Con- 
tinuous 
RMS 
current 
into 
the 
zener should 
not 
exceed 0.5 A. 


e. Paralleling of 
LM109s 
for 
higher 
output 
current 
is 
not 
recommended. 
Current 
sharing will 
be almost 
nonexistent, 
leading to acurrent limit mode operation 
for 
devices with 
the 
highest initial 
output 
voltage. 


The current 
limit 
devices may also heat up to the 


thermal 
shutdown 
point 
('" 
175°C). 
Long 
term 


reliability 
cannot 
be guaranteed 
under 
these con- 


ditions. 


f. 
Preventing latchoff 
for 
loads connected 
to negative 


voltage: 


If the output 
of the LM109 
is pulled negative by a high 
current 
supply so that the output 
pin is more than 0.5 V 
negative with 
respect to the ground pin, the LM 109 can 


latch off. This can be prevented by clamping the ground 
pin to 
the 
output 
pin with 
a germanium 
or Schottky 


diode as shown. A silicon diode (1N4001) at the output 
is ~Iso needed to keep the positive output 
from 
being 
pulled 
too 
far 
negative. The 
10.11. resistor will 
raise 


+VOUT by'" 
0.05 V. 


r 
, 
. . 


:LOAO: 
• 


·Zener is internal to lM109. 


"01 
must be able to withstand 7 A continuous 
current if fusing is not used at regulator input. LM109 bond 
wires will fuse at currents above 7 A. 


tQ2 is selected for surge capability. Consideration must be given to filter capacitor size. transformer impedance. 
and fuse blowing time. 


ttTrip 
point is "'"1.5 V. 


Typical Performance 
Characteristics 


MAXIMUM 
AVERAGE 
MAXIMUM 
AVERAGE 


POWER 
DISSIPATION 
(lMl09KI 
POWER 
DISSIPATION 
(lM309K) 
OUTPUT 
IMPEDANCE 


2A 
2A 
'O'~ 
V'N 'lOV 
To-] 
To-3 
f=ll=200mA 


20 
20 
t=Tj=2SoC 
Cl" 
O~ 
~ 
I~",'~' 
~ 
~:%- \ 
s 
'DO 
'\...t. 
~ 
HEATSIN 
z 
16 
% 
~ 
- 
z 


'6 
~ 
~b~I~7"F.~ 
" 
" 
\INFINITE 
z 
~ 
~ 
+~ 
"9....• 
~ 
~~+ 
HEAT 
SINK 
~ 
12 
<:"%- 
"'?' 
~- 
12 
?'t:%~ 
10.1 


TANTALUM" 
.••• 


Bi 
.I~ 
~ 
Bi 
~ 
'\ \ 
~ 
<; 
8~+-t""\ 


<; 
>- 
~ 
~ 
8 
-4r S/~J( 
"'" 
~ 
~ 
Iff<'SIN" 
~'\.. 
~ 
~ 
ltrC/ty 
,-'-\ 


>- 


:< 
~SlN" 
•••••••.•. 
~ 
10-2 


A 
NO 
~t--..",.\\ 


At----I--: 
__ ~~ 


HEAT SINK 
....." 
~ 
NO HEAT SINK 
10.3 
0 
0 
-50 -25 
0 
25 
'0 
75 
100 
125 
150 
0 
2' 
'0 
75 
'DO 
125 
'0 
100 
1k 
'Ok 
lOOk 
1M 


AMBIENT 
TEMPERATURE 
(OCl 
AMBIENT 
TEMPERATURE 
(OC) 
FREOUENCY 
(Hz) 


MAXIMUM 
AVERAGE 
MAXIMUM 
AVERAGE 
RIPPLE 
REJECTION 
POWER DISSIPATION 
(lMl09H) 
POWER 
DISSIPATION 
(lM3D9H) 


2.A 
2.A 
120 


I 
To-5 
INFINITE 
To-5 
INFINITE 
HEAT SINK 
HEAT SINK 
VIN" 
10V 
20 


r 


,,- 
\ ~.~\~ 


20 
"~\ 


l) 
'DO 
~WIN" JVp-p 
~ 
~. 
('I a 
~ 
.f" 


Tj" 25°C 
z 
'.6 
~s- 


z 
f--- 
- 
......... 


~,mA 
" 
16- 
9'q.;"..r.~ 
z 
~ 
, 
'<~~Kt 
" 
6'~.,;4s- ~+ ~ 
" 
80 
~ 
~ 
....'l 


Bi 
1.2 
...•••.••• 
rJI.-S-i: 
:,.o.~~~_ 


Bi 
12~.J}+-t 
\\ 
'/ 
c 
NO 
4)' 
~ 
1ff.4~/IJ- 
\.' 
\ 
HEATSIN........ 
~+-t 
~ 
C 
~ 
~ 
S/~-t 
60 


Il'::~\ 
~ 


0.8 
'~~ 


~ 
08 
~t'---~ 


"~~AT 
SINK 
r-..... 
~\ 
"' 
O.A 
D.' 
'0 


0 


:::l:itI\ 


0 
20 
-50 
-25 
0 
25 
'0 
75 
100125 
150 
0 
25 
50 
75 
'DO 
125 
'0 
'DO 
1k 
'Ok 
lOOk 
'M 


AMBIENT 
TEMPERATURE 
(OCI 
AMBIENT 
TEMPERATURE 
(Oel 
FREnUENCY 
(Hz) 


CURRENT 
LIMIT 
CHARACTERISTICS 
(NOTE 
1) 
THERMALL 
Y INOUCEO 
OUTPUT 


RIPPLE 
REJECTION 
VOLTAGE 
VARIATION 
3 


Tj' 
!55"C 
I 
I 
J-+:T~'25lc 


90 
;;.s 
0- 
ElECTRONIC 
• /' 
",""10- 


~" 
~ 
LOAD 
• 


5 
~z 
-10- 
~~~~~.~~:'.I.~~ 
•••••• 
: 
_t_ 
...1 
- 
~" 
- 
>- 
~~ 
80 


2 
•••••• 
Jr..:'\ 
>-u 
VIN= 
10V 
• 
z 
" 


z 
~0.3 
::Iw 
-20 
" 1/ 
~ 
N-<; 
Ti" 
25°C 
,,~ 
--h 
~ 


~ 
Ti = 150°C 
4 


••• 
" 
~ 
~ 
-30 - f-- f- ViN '25V 
'" 
u 


Ti= 
~55°C ...... 
i"~ 
~~~~~:~IO~ 
>- 
~ 
~ 
- 
~ 
...... ..... 
70 
1 
--- 
5 
~ 
~ 
~ 
kTI:~~C 
~..~ 
" 
......... 
>- , 
"' 


VIN = 10V 
TI.''!"C 
•••• jo" •••> I.0' 
Z 
~IL= lA 
Ti = 25°C 
....- -....F=:: 
~ 
D.' 
~ 
"'jOH' 
-- 
~ 


0 
u 
0 
60 
, 
'0 
15 
20 
25 
30 
3' 
0 
5 
'0 
15 
20 
25 
30 
0 
D.' 
1.0 
,., 


INPUT-OUTPUT 
VOL TAGE (V) 
TIME 
(msl 
OUTPUT 
CURRENT 
(A) 


Note 1: Currentlimitin~foldback 
characteristics.,e 
determined 
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Typical 
Performance 
Characteristics 
(cont'd) 
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Voltage Regulators 
~National 
~ 
Semiconductor 


LM117/LM217/LM317 3·Terminal Adjustable Regulator 


General 
Description 


The 
LMl17 
/LM217 
/LM317 
are 
adjustable 
3·terminal 


positive 
voltage 
regulators 
capable 
of supplying 
in excess 


of 
1.5A 
over 
a 
1.2V 
to 
37V 
output 
range. 
They 
are 


exceptionally 
easy 
to use and 
require 
only 
two 
external 


resistors 
to 
set 
the 
output 
voltage. 
Further, 
both 
line 


and load 
regulation 
are better 
than 
standard 
fixed 
regula- 
tors. 
Also, 
the 
LM 117 
is packaged 
in standard 
transistor 


packages 
which 
are easily 
mounted 
and handled. 


In addition 
to higher 
performance 
than 
fixed 
regulators, 
the 
LMl17 
series 
offers 
full 
overload 
protection 


available 
only 
in 
IC's. 
Included 
on 
the 
chip 
are current 


limit, 
thermal 
overload 
protection 
and 
safe area 
protec· 
tion. 
All 
overload 
protection 
circuitry 
remains 
fully 
functional 
even 
if 
the 
adjustment 
terminal 
is 


disconnected. 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Guaranteed 
1.5A output 
current 


• 
Line regulation 
typically 
0.01%/V 


• 
Load 
regulation 
typically 
0.1 % 


• 
Current 
limit 
constant 
with 
temperature 


• 
100% electrical 
burn·in 


• 
Eliminates 
the need 
to stock 
many 
voltages 


• 
Standard 
3·lead 
transistor 
package 


• 
80 dB ripple 
rejection 


Normally, 
no 
capacitors 
are needed 
unless 
the 
device 
is 


situated 
far 
from 
the 
input 
filter 
capacitors 
in which 


case 
an 
input 
bypass 
is needed. 
An 
optional 
output 


capacitor 
can 
be 
added 
to 
improve 
transient 
response. 
The 
adjustment 
terminal 
can 
be 
bypassed 
to 
achieve 


very 
high 
ripple 
rejections 
ratios 
which 
are 
difficult 


to achieve 
with 
standard 
3-terminal 
regulators. 


Besides 
replacing 
fixed 
regulators, 
the 
LMl17 
is useful 


in a wide 
variety 
of 
other 
applications. 
Since 
the 
regu· 


lator 
is 
"floating" 
and 
sees 
only 
the 
input·to-output 
differential 
voltage, 
supplies 
of 
several 
hundred 
volts 


can 
be 
regulated 
as 
long 
as 
the 
maximum 
input 
to 


output 
differential 
is not 
exceeded. 


Also, 
it makes 
an especially 
simple 
adjustable 
switching 


regulator, 
a 
programmable 
output 
regulator, 
or 
by 


connecting 
a fixed 
resistor 
between 
the 
adjustment 
and 
output, 
the 
LM 117 
can 
be used 
as a precision 
current 


regulator. 
Supplies 
with 
electronic 
shutdown 
can 
be 


achieved 
by clamping 
the adjustment 
terminal 
to ground 
which 
programs 
the 
output 
to 
1.2V 
where 
most 
loads 


draw 
little 
current. 


The 
LMl17K, 
LM217K 
and 
LM317K 
are 
packaged 
in 
standard 
TO·3 
transistor 
packages 
while 
the 
LMl17H, 


LM217H 
and 
LM317H 
are 
packaged 
in a solid 
Kovar 
base TO-39 
transistor 
package. 
The 
LM 117 
is rated 
for 


operation 
from 
-55°C 
to 
+150°C, 
the 
LM217 
from 


~25°C 
to +150°C 
and 
the 
LM317 
from 
O°C to +125°C. 


The 
LM317T 
and 
LM317MP, 
rated 
for 
operation 
over a 


O°C to 
+125°C 
range, 
are available 
in a TO-220 
plastic 


package 
and a TO·202 
package, 
respectively. 


For 
applications 
requiring 
greater 
output 
current 
in 
excess 
of 
3A 
and 
5A, 
see 
LM 150 
series 
and 
LM 138 
series 
data 
sheets, 
respectively. 
F or the negative 
comple- 


ment, 
see LM 137 series 
data 
sheet. 


RATED 
DESIGN 


DEViCE 
PACKAGE 
POWER 
LOAD 


DISSIPATION 
CURRENT 


LM117 
TO·3 
20W 
1.5A 


LM217 
TO-39 
2W 
O.5A 
LM317 
LM317T 
TO·220 
15W 
1.5A 


LM317M 
TO·202 
7.5W 
O.5A 


LM317LZ 
TO-92 
O.6W 
O.lA 


Typical Applications 


1.2V-25V 
Adjustable 
Regulator 


VIN ::::2BV 
VOUTtt 


R1 
V,N 


240 
+ 
,,',,' 


tOPtjonal-impr~ves 
transient 
response. 


Output 
capacitors in the range of 1 ,uF 


to 1000 ,uF of aluminum 
or tantalum 


electrolytic 
are 
commonly 
used 
to 


provide 
improved 
output 
impedance 
and rejection 
of transients. 


*Needed 
jf 
device 
is far 
from 
filter 


capacitors. 
( 
R2) 
ttVOUT 
= 1.25V 
1 +;; 


5V Logic Regulator with 


Electronic Shutdown* 
lM1I7 


LM217 


LM317 


Storage 
Temperature 


Lead 
Temperature 
(Soldering, 
10 seconds) 


-2soe 
to 
+lS0oe 


oOe to 
+12Soe 


--usoe 
to 
+lS0oe 


300°C 


LM117/217 
LM317 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Line 
Regulation 
TA = 25°C, 
3V ~ VIN 
- 
VOUT 
~ 40V 
0.01 
0.02 
0.01 
0.04 
%/V 


(Note 
2) 


Load 
Regulation 
TA = 25°C, 
10 mA ~ 
lOUT 
~ 
IMAX 


VOUT 
~ 5V, 
(Note 
2) 
5 
15 
5 
25 
mV 


VOUT:::: 
5V, 
(Note 
2) 
0.1 
0.3 
0.1 
0.5 
% 


Thermal 
Regulation 
T A = 25°C, 
20 ms Pulse 
0.03 
0.07 
0.04 
0.07 
%/W 


Adjustment 
Pin Current 
50 
100 
50 
100 
f.lA 


Adjustment 
Pin Current 
Change 
lOmA~IL~IMAX 
0.2 
5 
0.2 
5 
f.lA 


3V 
~ 
(VIWVOUT) 
~40V 


Reference 
Voltage 
3V 
~ 
(VIWVOUT) 
~ 40V, 
(Note 
3) 
1.20 
1.25 
1.30 
1.20 
1.25 
1.30 
V 


lamA 
~ 
lOUT 
~ 
IMAX, 
P ~ PM AX 


Line 
Regulation 
3V ~ VIN 
- 
VOUT 
~ 40V, 
(Note 
2) 
0.02 
0.05 
0.02 
0.07 
%/V 


Load 
Regulation 
10 mA ~ 
lOUT 
~ 
IMAX' 
(Note 
2) 


VOUT 
~ 5V 
20 
50 
20 
70 
mV 


VOUT:::: 
5V 
0.3 
1 
0.3 
1.5 
% 


Temperature 
Stability 
TMIN~Tj~TMAX 
% 


Minimum 
Load Current 
VIN-VOUT 
= 40V 
3.5 
5 
3.5 
10 
mA 


Current 
Limit 
VIWVOUT 
~ 
15V 


K and T Package 
1.5 
2.2 
1.5 
2.2 
A 


Hand 
P Package 
0.5 
0.8 
0.5 
0.8 
A 


VIN-VOUT 
= 40V, 
Tj = +25°C 


K and T Package 
0.30 
0.4 
0.15 
0.4 
A 


Hand 
P Package 
0.15 
0.07 
0.075 
0.07 
A 


RMS Output 
Noise, % of VOUT 
TA= 
25°C, 
10 Hz~f~ 
10 kHz 
0003 
0.003 
% 


Ripple 
Rejection 
Ratio 
VOUT 
= 10V, 
f = 120 Hz 
65 
65 
dB 


CADJ 
= 10f.lF 
66 
80 
66 
80 
dB 


Long-Term 
Stability 
TA = 125°C 
0.3 
0.3 
% 


Thermal Resistance. Junction to Case 
H Package 
12 
15 
12 
15 
°C/W 


K Package 
2.3 
3 
2.3 
3 
°C/W 


T Package 
4 
°C/W 


P Package 
12 
°C/W 


Note 
1: Unless 
otherwise 
specified, 
these 
specifications 
apply 
-55°C 
~ 1j~ +l50°C 
for the 
LM117, 
-25°C.t;;; 1j" 
+l50oC 
for the 
LM217, 
and 
OoC'" 
Tj'" 
+125°C for the LM317; VIN - VOUT= 5V; and 10UT=0.lA 
for the TO-39 
and TO-202 
packages and IOUT=0.5A 
for the TO-3 
and TO-220 
packages. 
Although 
power dissipation is internally limited, these specifications 
are applicable for power dissipations of 2W for the TO-39 
and TO-202, 


and 20W for the TO-3 
and TO-220. 
IMAX is 1.5A for the TO-3 
and TO-220 
packages 
and O.5A for the TO-39 
and TO-202 
packages. 


Note 
2: 
Regulation 
is measured at constant junction temperature, 
using pulse testing with a low duty cycle. Changes in output voltage due to heating 
effects 
are covered 
under the specification 
for thermal 
regulation. 


Note 
3: 
Selected 
devices with tightened 
tolerance 
reference 
voltage available. 


1-24 


Typical 
Performance 
Characteristics 
(K and T Packages) 


Output 
Capacitor 
= 0 unless otherwise 
noted 


Load Regulation 
Current 
Limit 
Adjustment 
Current 


0.2 
3 
60 


~ 
Il1.olA 
;;' 
.--- 
z 
0 
- 
.3 
55 
0 
~ 
:5 
=I\. 
... 
/ 
:i 
z 


~ 


-0.2 
... 
2 
-- 
'" 
/ 
Il·,5 
••••• 
z 
'" 
'" 
50 
" 
'" 
~ 
= 
/ 
-0.4 
'" 
~ 
= 
Tj'150o~ 
... 


~ 


~~'-55"C 
z 
45 
... 
,. 
/ 
-0.6 
= 
1 
... 


Ti~ 
~ 
... 
= 
= 
f- ~IN '" 15V 
0 
~ 
40 
... 
-0.8 
0: 


= 
~OU,"T 
j 
'1 
I 
0 


-1.0 
0 
35 


-75 -50 -25 
0 
25 
50 
75 
100 
125 
150 
0 
'0 
20 
30 
40 
-75 -50 -25 0 
25 
50 
75 
100 
125 
150 


TEMPERATURE 
( Cl 
INPUT -OUTPUT 
DIFFERENTIAL 
(V) 
TEMPERATURE 
(Oel 


Dropout 
Voltage 
Temperature 
Stability 
Minimum Operating Current 


3.0 
1.260 
4.5 


I 
~ 


.1VOUT 
= 100 mV 
4.0 


0: 
'> 
;;' 
3.5 
Ti·-5b: ~ 
; 


2.5 
~1.250 
.5 
r---r-... 
./ 


"... 
"" 
... 
...... 
Il:1.5~ 
~ 
" 


z 
3.0 


V.;r:'50°C 
I'-r--- 
'" 
2.5 
Il = lA 
'" 
tY 
c 
2.0 
~ 
1.240 
= 
I 


f:::: 
u 
... 


~ 
::::: 
" 


... 
2.0 


= 
:::::~ 
z 
~-~ 
... 
r-... 
u 
15 
= 
•..•..•. 


~ 


0 
1.5 
~ 1230 
5 
10 
~ITj'25'C 


~ 


Il'200mA/I~ 
" 
i I I 
Il"20mA 
0.5 


'.0 
1.220 
0 


-75 -50 -25 
0 
25 
50 
15 
100 
125 
150 
-75 -50 -25 0 
25 
50 
75100 
125150 
0 
10 
20 
30 
40 


TEMPERATURE 
( C) 
TEMPERATURE 
lOCI 
INPUT -OUTPUT 
DIFFERENTIAL 
(V) 


Ripple 
Rejection 
Ripple 
Rejection 
Ripple Rejection 


100 
100 
I 
'l' 
500 mA 
100 - 
- 


CAOJ 
= lDjJF 


_CAOJ=10,uF 
VIN 
'" 15V 
,/. 


80 
80 
Vour:: 10V 
80 = 
~ 
••..•.... 
.1 
1_ 
~ 
/ 
-,......-., 
CAOJ"'llpF 
~.o 
T·" 
25°C 
- 
z 
z 
// 
.••••••••CAOJ· 
0 ~ 
z 
~ 
0 
60 
0 
" 
60 - 


~ 
~ 


60 
~ 
r---... 
\ 
CADJ'" 
0 


40 
40 
'\.\ 
40 - 
- 


VIN-VOUT'" 
5V 
\ "- 
VIN" 
15V 
~ 
Il'" 
500 mA 
g, 
'\.. 
VOUT" 
10V 
a; 
20 
-':120Hz 
a; 
20 
a; 
20 


"'- 


'''' 
120 Hz 


0 


Tj z: 25 ~ 


0 
0 


Tj" 
2151'~1II 


0 
5 
10 
15 
20 
25 
30 
35 
'0 
'00 
1k 
10k 
lOOk 
1M 
0.01 
0.1 
1 
10 


OUTPUT VOLTAGE 
(V) 
FREOUENCY (Hz) 
OUTPUT CURRENT (A) 


Output 
Impedance 
Line Transient 
Response 
load 
Transient 
Response 


10' 
1.5 
I 
.1 .1.J 
I .I. 


3 


VIN ·15V 
1.0 
2 
I 
I 
I 
I 


VOUT" 
10V 
CL "l~F; 
CADJ '" 10j.lF 
~- 
C>- 
AI 
;~ 
C\'O:CA~J'~ 
IL "500mA 
/1 
I 
0:> 
0.5 
1 - - 
- 
£ 
100 
...- 


Tj" 
25°C 


~Z 
; \l:l 
• 0; CAOJ' 
0 
00 
00 
~; 
0 
u 
>;;: 
0 


VOUT! 
10~ 
II 
.:='CL" 
1.IJF;CAOJ"10.IJF 
"7"'"""" 
z 
••. 
0: 
-1 - h 
0: 
-----t- CAOJ' 'lr 
~> 
-0.5 
~~ 
~ 
10-1 
/ 
I 
•..w 
IL'" 
50mA 
VIN ""15V 
~o 
-2 
V 
VOUT: 
10V 
:!j 
-1.0 
Tj "25°C 
... 
:5 
-3 
INL"" 
50 mA 
= 


-1.5 
T·" 
25<OC 


~ 
10-2 
--+----'l 
/CADJ" 
10~F:==J 
... 
1.5 
~ I I 
I 
w'> 
1.0 
z 
I 
~~~ 
'" 


1.0 
'" 
I\ I 
I 
~ 
••• C> 
0.5 
= 
0.5 
z~z 
u 
I 
-00: 
0 
0 
\ 
10-3 
>~ 
~ 
0 


10 
100 
1k 
10k 
lOOk 
1M 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 


FREQUENCY (Hz) 
TIMEW5) 
T1ME(.ud 


In 
operation, 
the 
LM 117 
develops 
a nominal 
1.25V 
reference 
voltage, 
VREF, 
between 
the 
output 
and 
adjustment 
terminal. 
The 
reference 
voltage 
is impressed 


across 
program 
resistor 
R 1 and, 
since 
the voltage 
is con- 
stant, 
a 
constant 
current 
11 then 
flows 
through 
the 


output 
set 
resistor 
R2, 
giving 
an 
output 
voltage 
of 


VOUT=VREF 
(1+ 
:~)+IADJR2 


Since 
the 
100J.lA 
current 
from 
the 
adjustment 
terminal 


represents 
an 
error 
term, 
the 
LMl17 
was 
designed 
to 
minimize 
IADJ 
and 
make 
it 
very 
constant 
with 
line 


and 
load 
changes. 
To 
do 
this, 
all quiescent 
operating 


current 
is returned 
to 
the 
output 
establishing 
a mini- 
mum 
load 
current 
requirement. 
If there 
is insufficient 
load on the output, 
the output 
will rise. 


External 
Capacitors 


An 
input 
bypass 
capacitor 
is recommended. 
A O.lJ.lF 


disc 
or 
1J.lF solid 
tantalum 
on the 
input 
is suitable 
input 


bypassing 
for almost 
all applications. 
The device 
is more 


sensitive 
to the 
absence 
of input 
bypassing 
when 
adjust- 


ment 
or output 
capacitors 
are used 
but 
the 
above 
values 


will eliminate 
the possibility 
of problems. 


The 
adjustment 
terminal 
can 
be bypassed 
to ground 
on 


the 
LM117 
to 
improve 
ripple 
rejection. 
This 
bypass 


capacitor 
prevents 
ripple 
from 
being 
amplified 
as the 


output 
voltage 
is increased. 
With 
a 10J.lF bypass 
capa- 


citor 
80 dB ripple 
rejection 
is obtainable 
at any 
output 


level. 
Increases 
over 
10J.lF do 
not 
appreciably 
improve 
the 
ripple 
rejection 
at frequencies 
above 
120 
Hz. 
If the 


bypass 
capacitor 
is used, 
it is sometimes 
necessary 
to 


include 
protection 
diodes 
to 
prevent 
the 
capacitor 


from 
discharging 
through 
internal 
low 
current 
paths 
and damaging 
the device. 


In general, 
the 
best 
type 
of 
capacitors 
to 
use are solid 


tantalum. 
Solid 
tantalum 
capacitors 
have low impedance 


even 
at 
high 
frequencies. 
Depending 
upon 
capacitor 


construction, 
it takes 
about 
25J.lF in aluminum 
electro- 
lytic 
to 
equal 
1J.lF solid 
tantalum 
at 
high 
frequencies. 


Ceramic 
capacitors 
are 
also 
good 
at 
high 
frequencies; 
but 
some 
types 
have 
a large 
decrease 
in capacitance 
at 


frequencies 
around 
0.5 
MHz. 
For 
this 
reason, 
O.OlJ.lF 


disc 
may 
seem 
to 
work 
better 
than 
a O.lJ.lF 
disc 
as 
a bypass. 


Although 
the 
LM 117 
is stable 
with 
no 
output 
capa- 


citors, 
like 
any 
feedback 
circuit, 
certain 
values 
of 


external 
capacitance 
can 
cause 
excessive 
ringing. 
This 


occurs 
with 
values 
between 
500 
pF 
and 
5000 
pF. 


A 1J.lF solid 
tantalum 
(or 25J.lF aluminum 
electrolytic) 
on 
the 
output 
swamps 
this 
effect 
and 
insures 
stability. 


The 
LMl17 
is capable 
of providing 
extremely 
good 
load 


regulation 
but 
a few 
precautions 
are 
needed 
to 
obtain 
maximum 
performance. 
The 
current 
set resistor con- 


nected 
between 
the 
adjustment 
terminal 
and the output 


terminal 
(usually 
240£2) 
should 
be tied 
directly 
to the 


output 
of 
the 
regulator 
rather 
than 
near 
the 
load. 
This 
eliminates 
line drops 
from 
appearing 
effectvely 
in series 
with 
the 
reference 
and 
degrading 
regulation. 
For 
exam- 


ple, 
a 15V 
regulator 
with 
0.05£2 
resistance 
between 
the 


regulator 
and 
load 
will 
have 
a load 
regulation 
due 
to 


line 
resistance 
of 
0.05£2 
x IL. If the 
set 
resistor 
is con- 


nected 
near 
the 
load 
the 
effective 
line 
resistance 
will be 


0.05£2 
(1 + R2/R1) 
or 
in this 
case, 
11.5 
times 
worse. 


Figure 2 shows 
the effect 
of resistance 
between 
the 
regu- 


lator 
and 240£2 set resistor. 


With 
the 
TO-3 
package, 
it is easy 
to minimize 
the 
resis- 


tance 
from 
the 
case 
to 
the 
set 
resistor, 
by 
using 
two 


separate 
leads 
to 
the 
case. 
However, 
with 
the 
TO-5 
package, 
care 
should 
be 
taken 
to 
minimize 
the 
wire 


length 
of 
the 
output 
lead. 
The 
ground 
of 
R2 can 
be 


returned 
near 
the 
ground 
of the 
load 
to provide 
remote 


ground 
sensing 
and improve 
load 
regulation. 


When 
external 
capacitors 
are 
used 
with any IC regulator 
it 
is sometimes 
necessary 
to 
add 
protection 
diodes 
to 


prevent 
the 
capacitors 
from 
discharging 
through 
low 


current 
points 
into 
the 
regulator. 
Most 
10J.lF capacitors 


have 
low 
enough 
internal 
series 
resistance 
to 
deliver 


20A 
spikes 
when 
shorted. 
Although 
the 
surge 
is short, 


there 
is 
enough 
energy 
to 
damage 
parts 
of 
the 
IC. 


When 
an 
output 
capacitor 
is connected 
to 
a regulator 


and 
the 
input 
is 
shorted, 
the 
output 
capacitor 
will 


discharge 
into 
the 
output 
of the 
regulator. 
The discharge 


current 
depends 
on 
the 
value 
of 
the 
capacitor, 
the 


output 
voltage of the regulator, 
and the rate of decrease 


of 
VIN, 
In the 
LMl17, 
this discharge path is through 


a large junction 
that is able to sustain 15A surge with no 


problem. 
This 
is not 
true 
of 
other 
types 
of 
positive 


regulators. 
For output 
capacitors of 25f.1For less, there 


is no need to use diodes. 


occurs 
when either 
the 
input 
or 
output 
is shorted. 


Internal 
to the LMl17 
is a 50n resistor which limits the 


peak 
discharge 
current. 
No 
protection 
is needed for 


output 
voltages of 25V or less and 10f.lF capacitance. 


Figure 
3 
shows 
an 
LMl17 
with 
protection 
diodes 


included 
for 
use with 
outputs 
greater than 
25V 
and 


high values of output 
capacitance. 


The 
bypass capacitor 
on the 
adjustment 
terminal 
can 


discharge 
through 
a low 
current 
junction. 
Discharge 


C1 
T 


+ C2 


1'_ 


lO"F 


VOUT 
= 1.25V 
(1 + :~) 
+ R21ADJ 


01 protects 
against Cl 
02 protects 
against 
C2 


III 


tSolid 
tantalum 


*Oischarges 
Cl if output 
is shorted 
to ground 


tSolid 
tantalum 


*Minimum 
load current 
= 30 mA 


+Optional-improves 
ripple 
rejection 


tSolid 
tantalum 


* Lights 
in constant 
current 
mode 


". 
VOLTAGE 
ADJUST 
+ 
co 
JIO" 


t Solid Tantalum 
*Core-Arnold A·254168·260 turns 


+ 
C4 
10~Ft 


t Solid 
Tantalum 


*Core Arnold 
A-254168-2 
60 turns 


r-----, 
I 
I, 


I 
TRANSFORMERS, 
I 
I 
REC~I:riERS. 


FILTER 
I 
CAPACITOR 


1 
,. 


L 
...J 


- 
Short circuit current is approximately ~;V, 
or 120mA 


(compared to LM117H's 1 ampere current limit) 


- 
(At SOmAoutput only :JAvolt of drop occurs in R3 and R4). 


I 
_______ 
J 


* All outputs within 
± 100 mV 


tMinimum 
load-l0 
mA 


- 


12Vp-p 
f\.; 


6Vpll 


" 
"'Po 


·As-sets 
output 
impedance of charger ZOUT:::: 
AS I, + ~R21 
) 


Use of AS allows low charging rates with fully 
\1 


charged battery. 


Order Number: 
LMl17K 
STEEL 
LM217K 
STEEL 
LM317K 
STEEL 
See Package K02A 


~~N:J::TM'NT 
W--OUTPUT 


CASE IS OUTPUT 


BOTTOM 
VIEW 


Order Number: 
LMl17H 
LM217H 
LM317H 
See Package H03A 


"'Sets peak current 
(O.6A for 1n) 


··The 
1000,.,F is recommended 
to filter 
out 


input 
transients 


0 
( 


, 
'- 
~_________ 
J 


I ~ 


-' 
L VOUT 


FRONT 
VIEW 


Order Number: 


LM317T 
See Package T03B 


Order Number: 
LM317MP 


See Package P03A 


Tab Formed Devices 


LM317MP 
TB 


See Package P03E 


~National 
~ 
Semiconductor 


LM117HV/LM217HVILM317HV 
3-Terminal 


Adjustable Regulator 


The 
LMl17HV 
ILM217HV 
ILM317HV 
are 
adjustable 


3-terminal positive voltage regulators capable of supplying 
in excess of 1.5A over a 1.2V to 57V output 
range. They 
are exceptionally 
easy to 
use and require 
only 
two 


external 
resistors to set the output voltage. Further, both 
line and load regulation 
are better 
than standard fixed 
regulators. Also, the LM 117HV is packaged in standard 
transistor 
packages 
which 
are 
easily 
mounted 
and 
handled. 


In addition 
to higher performance than fixed regulators, 
the 
LM 117HV 
series offers 
full 
overload 
protection 


available only 
in IC's. Included on the chip are current 


limit, 
thermal 
overload protection 
and safe area protec- 


tion. 
All 
overload 
protection 
circuitry 
remains 
fully 
functional 
even 
if 
the 
adjustment 
terminal 
is 
disconnected. 


• 
Adjustable output 
down to 1.2V 


• 
Guaranteed 1.5A output current 


• 
Line regulation typically 
0.01 %/V 


• 
Load regulation typically 
0.1% 


• 
Current limit constant with temperature 


• 
100% electrical burn-in 


• 
Eliminates the need to stock many voltages 


• 
Standard 3-lead transistor package 


• 
80 dB ripple rejection 


Normally, 
no capacitors are needed unless the device is 


situated 
far 
from 
the 
input 
filter 
capacitors in which 
case an input 
bypass is needed. An 
optional 
output 


capacitor 
can be added to improve 
transient 
response. 


The 
adjustment 
term inal can be bypassed to 
achieve 


very 
high 
ripple 
rejections 
ratios 
which 
are difficult 


to achieve with standard 3-terminal regulators. 


Besides replacing 
fixed 
regulators, 
the 
LMl17HV 
is 


useful in a wide variety of other applications. 
Sit\ce the 


regulator is "floating" 
and seesonly the input-to-output 


differential 
voltage, 
supplies 
of 
several hundred 
volts 


can be regulated 
as long 
as the 
maximum 
input 
to 


output differential 
is not exceeded. 


Also, it makes an especially simple adjustable switching 
regulator, 
a 
programmable 
output 
regulator, 
or 
by 


connecting 
a fixed resistor between the adjustment and 


output, 
the LM 117HV can be used as a precision current 


regulator. 
Supplies 
with 
electronic 
shutdown 
can 
be 


achieved by clamping the adjustment terminal to ground 
which 
programs the output 
to 1.2V where most loads 


draw little current. 


The 
LMll7HVK 
STEEL, 
LM217HVK 
STEEL, 
and 


LM317HVK 
STEEL are packaged in standard TO-3 tran- 


sistor packages while the LMl17HVH, 
LM217HVH 
and 


LM317HVH 
are packaged in a solid Kovar base TO-39 


transistor package. The LMl17HV 
is rated for operation 


from _55°C 
to +150°C, the LM217HV 
from 
_25°C 
to 


+150°C and the LM317HV 
from O°C to +125°C. 


tOptional-improves 
transient response. 
Output 
capacitors 
in the 
range of 
1 IlF 


to 
1000 
1J.F of aluminum 
or tantalum 


electrolytic 
are 
commonly 
used 
to 
provide 
improved 
output 
impedance 
and rejection of transients. 


*Needed 
if 
device 
is 
far 
from 
filter 


capacitors. 


ttVOUT = 1.25V (1+~) 
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Absolute 
Maximum 
Ratings 


Power Dissipation 
Internally 
limited 


Input-Output 
Voltage Differential 
60V 


Operating Junction 
Temperature 
Range 
LMl17HV 
-55°C 
to +150°C 


LM217HV 
-25°C 
to +150°C 


LM317HV 
O°C to +125°C 


Storage Temperature 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics 
(Note 1) 


LM117HVIlM217HV 
lM317HV 


PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Line 
Regulation 
TA = 25°C. 3V ~ VIN - VOUT ~60V 
0.01 
0.02 
0.01 
0.04 
%/V 


(Note 2) 


load Regulation 
TA = 25°C. 10 mA ~ lOUT ~ IMAX 


VOUT ~ 5V. (Note 2) 
5 
15 
5 
25 
mV 


VOUT ~ 5V, (Note 2) 
0.1 
0.3 
0.1 
0.5 
% 


Thermal Regulation 
TA = 25°C, 20ms Pulse 
0.03 
0.07 
0.04 
0.07 
%/W 


Adjustment 
Pin Current 
50 
100 
50 
100 
J.lA 


Adjustment 
Pin Current 
Change 
10mA~ 
IL ~ IMAX 
0.2 
5 
0.2 
5 
J.lA 


3.0V~ 
IVIWVOUT) 
~ 60V 


Reference 
Voltage 
3 ~ (VIN-VOUT) 
~ 60V, (Note 3) 
1.20 
1.25 
1.30 
1.20 
1.25 
1.30 
V 


10 mA ~ lOUT ~ IMAX. P~ PMAX 


Line Regulation 
3V ~ VIN - VOUT ~ 60V. (Note 2) 
0.02 
0.05 
0.02 
0.07 
%/V 


Load 
Regulation 
10 mA ~ lOUT ~ IMAX. (Note 2) 


VOUT ~ 5V 
20 
50 
20 
70 
mV 


VOUT ~ 5V 
0.3 
1 
0.3 
1.5 
% 


Temperature 
Stability 
TMIN~Tj~TMAX 
1 
1 
% 


Minimum 
Load Current 
VIWVOUT 
= 60V 
3.5 
7 
3.5 
12 
mA 


Current 
Limit 
VIWVOUT~ 
15V 


K Package 
1.5 
2.2 
1.5 
2.2 
A 


H Package 
0.5 
0.8 
0.5 
0.8 
A 


VIN-VOUT 
= 60V 


K Package 
0.1 
0.1 
A 


H Package 
0.03 
0.03 
A 


RMS Output Noise,% of VOUT 
TA = 25°C, 10 Hz ~ f ~ 10 kHz 
0.003 
0.003 
% 


Ripple 
Rejection 
Ratio 
VOUT = 10V. f = 120 Hz 
65 
65 
dB 


CADJ = 10J.lF 
66 
80 
66 
80 
dB 


Long·Term Stability 
TA = 125°C 
0.3 
1 
0.3 
1 
% 


Thermal 
Resistance, 
Junction 
to Case 
H Package 
12 
15 
12 
15 
°C/W 


K Package 
2.3 
3 
2.3 
3 
°C/W 


Note 1: Unless otherwise specified, these specifications 
apply -55°C <; Tj <; +150°C for the lM117HV, -25°C <; Tj <; +150°C for the 


lM217HV and DoC<; Tj <; +125°C for the LM317HV;VIN- VOUT= 5V and lOUT= 0.1A for the TO-39 package and lOUT= 0.5A for the TO-3 
package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-39 
and 20W for the TO-3. IMAXis 1.5A for the TO·3 and 0.5A for the TO-39 package. 
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used. 
Note 3: Selected devices with tightened tolerance reference voltage available. 


Typical 
Performance 
Characteristics 
(K and T Packages) 


Load 
Regulation 
Current 
limit 
Adjustment 
Current 
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TEMPERATURE 
I CI 
INPUT/OUTPUT 
DIFFERENTIAL 
IV) 
TEMPERATURE 
(OCl 


Dropout 
Voltage 
Temperature 
Stability 
Minimum Operating Current 


3.0 
1.260 
4.5 


1 
?: 


.1VOUT:: 
100 mV 


4.0 
.. 
;; 
:< 
3.5 
T;"-5b: 
~ 


~ 


2.5 
~ 
1.250 
oS 
..•..••• ..•..••• 
Il 
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;; 
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I"-- 
" 
0.5 


1.0 
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r-... 


1.220 
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-15 
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25 
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0 
10 
20 
30 
40 


TEMPERATURE 
( C) 
TEMPERATURE 
('CI 
INPUT -OUTPUT 
DIFFERENTIAL 
(V) 


Ripple 
Rejection 
Ripple Rejection 
Ripple 
Rejection 


'00 
CA10J" 1 


1 
0J./F 


'00 
1 'l' 
500mA 
'00 
-I 
lJJ 


I 


_CAOJ"'0J./F 
VIN" 
15V 


80 
80 
VOUT z 10V 
80 
~ 
........• 
I 
_I" 
; 
/ 
I--- ~'25·C 
~ 
z 
~.o 
z 
// 
•••••••••• 
CADJ· 
0 
z 
~ 
0 
60 
0 
0 
60 
i 
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60 
-........ 
\ 
i 
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~ADJ'O 


40 
40 
40 


VIN-VOUT 
E ~V 
\ 
VIN" 
15V 


a; 
Il'" 
500mA 
I 
a; 
"\.. 
a; 
VOUT'" 
10V 


20 
-f"120Hz 
20 
'- 


20 
f'" 
120 Hz 


Tj'" 
25°C 
Tj ",215~'~'1l 
0 
0 
0 


0 
5 
'0 
'5 
20 
25 
30 
35 
10 
'00 
1k 
'Ok 
lOOk 
'M 
0.01 
0.' 
, 
'0 


OUTPUT VOLTAGE 
(V) 
FREOUENCY 
(Hz) 
OUTPUT CURRENT (A) 


Output 
Impedance 
Line Transient 
Response 
Load Transient 
Response 


'0' 
1.5 


1.1.1 
. .1 
1 J 
3 


VIN" 
15V 
2 
I 
I 
VOUT" 
10V 
~- 


1.0 
1 c\ "7'; 
CADJ' 
'0,,' 
~ 


C\ ' 0: CA~J ' v.\I- 
Il 
'" 500 mA 
•• > 
0.5 
z 
, 
- 
f--- 


S 
'00 
...- 


Ti" 
25°C 


~Z 
: \':l 
' 0; CADJ' 
0 
0 
00 
~ 
0 
u 
>;:: 
0 


VDUT; 
'O~ 
1/ 
I" :::'Cl" 
'J./F; CAOJ" 
10jJF ~ 
z 
-----t- 
CADJ' 'lr 
....• 
~ -, 
h 
« 
/1 
~> 
-0.5 
VIN" 
lSV 
~ 
10-1 
... ~ 
Il" 
SOmA 
-2 


0; 


~o 
-1.0 
Tj" 
25°C 
V 
VOUT'" 
10V 


... 
~ 
-3 
'Nl" 
SOmA 
~ 
-1.5 
T· -25"C 
_ 


~ 
10-2 
--.....-J 
/CADJzlOJJF= 
... 
1.5 
I 
~I I 
I 
~ 
1.0 
z 
... 
'" 
1.0 
~ ~ 
0.5 
'" 
I 
1\ 
~ 
z 
~ 
0.5 
z 
\ 
10-3 
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~ 
0 
0 
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to 
'00 
1k 
'Ok 
lOOk 
tM 
0 
'0 
20 
30 
'0 
~ 
0 
10 
20 
30 
40 


FREQUENCY (Hz) 
T1ME~s) 
T1ME~s) 


III 
Ut-'CldliUII, 
lilt' 
,-IVI 
I I I M V aevelOps a nominal 
I.LbV 
reference 
voltage, 
VREF. 
between 
the 
output 
and 


adjustment 
terminal. 
The 
reference 
voltage 
is impressed 


across 
program 
resistor 
R 1 and, 
since 
the voltage 
is con· 
stant, 
a 
constant 
current 
11 then 
flows 
through 
the 
output 
set 
resistor 
R2, 
giving 
an 
output 
voltage 
of 


VOUT=VREF 
(1+ 
:~)+IADJR2 


Since 
the 
100fJA 
current 
from 
the 
adjustment 
terminal 


represents 
an error 
term, 
the 
LM117HV 
was designed 
to 
minimize 
'ADJ 
and 
make 
it 
very 
constant 
with 
line 
and 
load 
changes. 
To 
do 
this, 
all quiescent 
operating 
current 
is returned 
to 
the 
output 
establishing 
a mini· 


mum 
load 
current 
requirement. 
If there 
is insufficient 
load on the output, 
the output 
will rise. 


External 
Capacitors 


An 
input 
bypass 
capacitor 
is recommended. 
A 0.11lF 


disc 
or 
1fJF solid 
tantalum 
on the 
input 
is suitable 
input 


bypassing 
for almost 
all applications. 
The device 
is more 
sensitive 
to the 
absence 
of input 
bypassing 
when 
adjust· 


ment 
or output 
capacitors 
are used 
but 
the above 
values 
will eliminate 
the 
possibility 
of problems. 


The 
adjustment 
terminal 
can 
be bypassed 
to ground 
on 


the 
LM117HV 
to 
improve 
ripple 
rejection. 
This 
bypass 


capacitor 
prevents 
ripple 
from 
being 
amplified 
as the 
output 
voltage 
is increased. 
With 
a 10fJF 
bypass 
capa· 
citor 
80 dB ripple 
rejection 
is obtainable 
at any 
output 


level. 
Increases 
over 
10fJF 
do 
not 
appreciably 
improve 
the 
ripple 
rejection 
at frequencies 
above 
120 
Hz. 
If the 
bypass 
capacitor 
is used, 
it is sometimes 
necessary 
to 
include 
protection 
diodes 
to 
prevent 
the 
capacitor 


from 
discharging 
through 
internal 
low 
current 
paths 
and damaging 
the device. 


In general, 
the 
best 
type 
of 
capacitors 
to use are solid 
tantalum. 
Solid 
tantalum 
capacitors 
have low impedance 
even 
at 
high 
frequencies. 
Depending 
upon 
capacitor 


construction, 
it takes 
about 
251lF 
in aluminum 
electro· 
lytic 
to 
equal 
1fJF solid 
tantalum 
at 
high 
frequencies. 
Ceramic 
capacitors 
are 
also 
good 
at 
high 
frequencies; 
but 
some 
types 
have 
a large 
decrease 
in capacitance 
at 


frequencies 
around 
0.5 
MHz. 
For 
this 
reason, 
0.01fJF 


disc 
may 
seem 
to 
work 
better 
than 
a 0.11lF 
disc 
as 
a bypass. 


Although 
the 
LM 117 HV is stable 
with 
no output 
capa· 


citors, 
like 
any 
feedback 
circuit, 
certain 
values 
of 
external 
capacitance 
can 
cause 
excessive 
ringing. 
This 
occurs 
with 
values 
between 
500 
pF 
and 
5000 
pF. 


A 1fJF solid 
tantalum 
(or 25fJF 
aluminum 
electrolytic) 
on 
the 
output 
swamps 
this 
effect 
and 
insures 
stability. 


Load 
Regulation 


The 
LM117HV 
is capable 
of 
providing 
extremely 
good 


load 
regulation 
but 
a few 
precautions 
are 
needed 
to 
obtain 
maximum 
performance. 
The 
current 
set 
resistor 
connected 
between 
the 
adjustment 
terminal 
and the out· 


put terminal 
(usually 
240n) 
should 
be tied directly 
to the 


output 
of 
the 
regulator 
rather 
than 
near 
the 
load. 
This 


eliminates 
line drops 
from 
appearing 
effectvely 
in series 


with 
the 
reference 
and 
degrading 
regulation. 
For 
exam· 


pie, 
a 15V 
regulator 
with 
0.05n 
resistance 
between 
the 


regulator 
and 
load 
will 
have 
a load 
regulation 
due 
to 


line 
resistance 
of 
0.05n 
x IL. If the 
set 
resistor 
is con· 
nected 
near 
the 
load 
the 
effective 
line 
resistance 
will be 


0.05n 
(1 + R2/R 1) or 
in this 
case, 
11.5 
times 
worse. 


Figure 2 shows 
the effect 
of resistance 
between 
the 
regu· 
lator 
and 240n 
set resistor. 


With 
the 
TO·3 
package, 
it is easy 
to 
minimize 
the 
resis· 


tance 
from 
the 
case 
to 
the 
set 
resistor, 
by 
using 
two 
separate 
leads 
to 
the 
case. 
However, 
with 
the 
TO·5 
package, 
care 
should 
be 
taken 
to 
minimize 
the 
wire 


length 
of 
the 
output 
lead. 
The 
ground 
of 
R2 can 
be 
returned 
near 
the 
ground 
of the 
load 
to 
provide 
remote 
ground 
sensing 
and improve 
load 
regulation. 


When 
external 
capacitors 
are used 
with any IC regulator 
it 
is sometimes 
necessary 
to 
add 
protection 
diodes 
to 
prevent 
the 
capacitors 
from 
discharging 
through 
low 
current 
points 
into 
the 
regulator. 
Most 
10fJF 
capacitors 


have 
low 
enough 
internal 
series 
resistance 
to 
deliver 
20A 
spikes 
when 
shorted. 
Although 
the 
surge 
is short, 


there 
is 
enough 
energy 
to 
damage 
parts 
of 
the 
IC. 


When 
an 
output 
capacitor 
is connected 
to 
a regulator 
and 
the 
input 
is 
shorted, 
the 
output 
capacitor 
will 
discharge 
into 
the output 
of the 
regulator. 
The discharge 


Application 
Hints (cant'd.) 


current 
depends 
on 
the 
value 
of 
the 
capacitor, 
the 
output 
voltage of the regulator, 
and the rate of decrease 


of VIN. 
In the LM 117HV, this discharge path is through 


a large junction 
that is able to sustain 15A surge with no 


problem. 
This 
is not 
true 
of 
other 
types 
of 
positive 


regulators. 
For output 
capacitors of 25)1F or less, there 


is no need to use diodes. 


The 
bypass capacitor 
on the 
adjustment 
terminal 
can 
discharge 
through 
a low 
current 
junction. 
Discharge 


occurs 
when either 
the 
input 
or 
output 
is shorted. 


Internal to the LM 117HV is a 50n resistor which limits the 
peak 
discharge 
current. 
No 
protection 
is needed for 
output 
voltages of 
25V or less and 10)1F capacitance. 


Figure 3 
shows an 
LM 117HV with 
protection 
diodes 
included 
for 
use with 
outputs 
greater than 
25V 
and 


high values of output 
capacitance. 


VOUT 


C1 
T 


+ C2 
T 


'OIJF 


vOUT 
= 1.25V 0 + :~) 
+ R21ADJ 


01 protects against Cl 


02 protects against C2 


r- r- 
S:S: 
1\) ••••. 
..••. ..••. 


•••••••••••••• 
:I::I: 
«-- 
r-s: 
CU 
..••. 


•••••••:I:<- 


tSolid 
tantalum 


*Oischarges 
C1 if output 
is shorted 
to ground 


tSolid 
tantalum 


*Minimum 
load current::: 
30 mA 


+Optional-improves 
ripple 
rejection 


.3 
0.' 
sw 


R' 
33 
OUTPUT 


35V 
llV-JOV 
+ C1 
+ 
C3 


1"" 


R. 
'M'T 
680 


tSolid 
tantalum 


*Lights 
in constant 
current 
mode 


R8 
5k 


VOLTAGE 
ADJUST 


t Solid Tantalum 
*Core-Arnold 
A-254168-260 turns 


t Solid 
Tantalum 


*Core Arnold A-254168-260 turns 


I 
_______ 
J 


* All outputs within ±100 mV 


tMinimum 
load-10 
mA 
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6V,., 


lA 


410 T'3cJ 


·As-sets 
output 
impedance 
of charger 
ZOUT 
= 
RS f, + ~R21) 
Use of AS allows low charging rates with fully 
\1 


charged 
battery. 
··The 
1OO0.uF is recommended 
to filter out 


input transients 


50 mA Constant 
Current 
Battery 
Charger 


lM317HV 


~ 
. 


VIN 
VIN 
VOUT 
ADJ 
* 


ADJUSTMONT 
0 
V'N 


CASE 
IS 
o 
OUTPUT 


Order Number LM117HVK 
STEEL, 
LM217HVK 
STEEL, or 
LM317HVK 
STEEL 
See Package 
K02A 


·Sets 
peak 
current 
(O.6A for 
1nl 
·-The 1000,..Fis recommended 
to filter out 


input transients 
a 


~~N:J:TSTMENT 


OUTPUT 


CASE IS OUTPUT 


BOTTOM 
VIEW 


Order Number 
LM117HVH, 


LM217HVH, 
or LM317HVH 
See Package 
H03A 


~National 
~ 
Semiconductor 
Voltage 
Regulators 


LM120 Series 3-Terminal Negative Regulators 


The LM 120 series are three-terminal 
negative regulators 
with 
a fixed 
output 
voltage of -5V, 
-12V, 
and -15V, 


and up to 
1.5A 
load current 
capability. 
Where other 


voltages are required, 
the 
LM 137 series provides 
an 


output 
voltage range of -1.2V 
to -4 7V. 


The LM120 
need only 
one external component-a com- 


pensation capacitor at the output, 
making them easy to 


apply. Worst caseguarantees on output 
voltage deviation 


due to 
any combination 
of 
line, 
load or temperature 
variation assure satisfactory system operation. 


Exceptional 
effort 
has been made to make the LM 120 


Series immune 
to 
overload 
conditions. 
The regulators 


have current 
limiting 
which is independent of tempera- 


ture, combined with thermal overload protection. 
Inter- 
nal current 
limiting 
protects 
against momentary 
faults 


while thermal 
shutdown 
prevents junction 
temperatures 
from exceeding safe limits during prolonged overloads. 


Although 
primarily 
intended 
for 
fixed 
output 
voltage 
applications, 
the LM120 Series may be programmed for 


higher 
output 
voltages with 
a simple resistive divider. 


The 
low 
quiescent drain current 
of the devices allows 
this technique to be used with good regulation. 


• 
Preset output voltage error lessthan ±3% 


• 
Preset current limit 


• 
Internal thermal shutdown 


• 
Operates with 
input-output 
voltage differential 
down 


to 1V 


• 
Excellent ripple rejection 


• 
Low temperature drift 


• 
Easily adjustable to higher output 
voltage 


RATED 
DESIGN 


DEVICE 
PACKAGE 
POWER 
LOAD 


DISSIPAliON 
CURRENT 


LM120 
TO-3 
20W 
1.5A 


LM320 
TO-39 
2W 
05A 


LM320T 
TO·220 
15W 
1.5A 


LM320M 
TO·202 
7.5W 
O.5A 


LM320ML' 
TO·202 
7.5W 
O.25A 


LM320L' 
TO·92+ 
1.2W 
O.lA 
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COMMON 


LOAD 


CURRENT 


-5 
VOLT REGULATORS 
(Note 
3) 
Absolute Maximum Ratings 


Power 
Dissipation 
Internally 
Limited 


Input 
Voltage 
-25V 


Input-Output 
Voltage 
Differential 
25V 


Junction 
Temperatures 
See Note 
1 


Storage 
Temperature 
Range 
~5°Cto+150°C 


Lead 
Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 


METAL CAN PACKAGE 
POWERPLASTIC PACKAGE 


LM120K·5.0 
LM320K·5.0 
LMI20H·5.0 
LM320H·5.0 
LM320T·5.0 
LM320MP-5.0 


ORDER NUMBERS 


(TD·3) 
(TD·31 
(TD·391 
(TO·391 
(TO·2201 
(TO·2021 
UNITS 
DESIGN OUTPUT CURRENT (10) 
1.5A 
1.5A 
0.5A 
0.5A 
1.5A 
0.5A 
DEVICE DISSIPATION (Pol 
20W 
20W 
2W 
2W 
15W 
7.5W 


PARAMETER 
CONDITIONS (NOTE 11 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output 
Voltage 
TJ = 25°C, VIN' 
10V, 
-5,1 
-5 
-4.9 
-5.2 
-5 
--4.8 
-5.1 
-5.0 
-4.9 
-5.2 
-5.0 
-4.8 
-5.2 
-5.0 
--4.8 
-5.2 
-5.0 
-4.8 
V 


ILOAD = 5 mA 


line 
Regulation 
TJ = 25°C. ILOAD = 5 mA, 
10 
25 
10 
40 
10 
25 
10 
40 
10 
40 
10 
40 
mV 


VMIN S VIN <; VMAX 


Input 
Voltage 
-25 
-7 
-25 
-7 
-25 
-7 
-25 
-7 
-25 
-7.5 
-25 
-7,5 
V 


Ripple 
Rejection 
f = 120 Hz 
54 
64 
54 
64 
54 
64 
54 
64 
54 
64 
54 
64 
dB 


Load Regulation, (Note 21 
TJ = 25°C, VIN = 10V. 
50 
75 
50 
100 
30 
50 
30 
50 
50 
100 
40 
100 
mV 


5mAS 
ILOADS 
10 


Output 
Voltage. (Note 1) 
-7,5V S VIN S VMAX. 
-5.20 
-4.80 
-5.25 
-4,75 
5.20 
-4.80 
-5.25 
-4.75 
-5.25 
-4.75 
-5,25 
-50 
-4.75 
V 


5 mAS 
ILOAD SID, 
PS PD 


Quiescent 
Current 
VMIN < VIN S VMAX 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
I 
2 
mA 


Quiescent 
Current 
Change 
TJ = 25°C 


VMIN S VIN S VMAX 
0.1 
0.4 
0.1 
0.4 
0.05 
0.4 
0,05 
0.4 
0.1 
0.4 
0,05 
0,3 
mA 


5 mA S ILOAD S ID 
0.1 
0.4 
0.1 
0.4 
0.04 
0.4 
0.04 
0.4 
0.1 
0.4 
0,04 
0.25 
mA 


Output 
Noise Voltage 
TA = 25°C, CL = lpF, IL = 5 mA, 
ISO 
150 
150 
150 
150 
ISO 
pV 


VIN = 10V. 10 Hz S f S 100 kHz 


Long 
Term 
Stability 
5 
50 
5 
50 
5 
50 
5 
50 
10 
10 
mV 


Thermal 
Resistance 


Junction 
to Case 
3 
3 
15 
15 
4 
12 
°C/W 


Junction 
to Ambient 
35 
35 
i 
150 
I 
150 
50 
i 
70 
°CIW 


Not. 
1: This specification 
applies over -55°C 
S TJ S +150°C for the LM120 and O°C S TJ S +125°C for the LM320. 


Note 2: 
Regulation 
is measured at constant 
junction 
temperature. 
Changes in output 
voltage due to heating effects must be taken 
into 
account 
separately. 
To ensure constant 
junction 
temperature, 
low duty 
cycle, pulse testing 
is used. The LM120/LM320 
series does have low thermal 
feedback, 
improving 
line and load regulation. 
On all other tests, even though 
power dissipation 
is internally 
limited. 
electrical 
specifica- 


tions apply only up to PO. 


Not. 
3: 
For -5V 3 amp regulators, see LM145 
data sheet. 


Power 
Dissipation 


Input 
Voltage 


Input-Output 
Voltage 
Differential 


Junction 
Temperatures 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


METAL CAN PACKAGE 
POWER PLASTIC PACKAGE 


LM120K-12 
LM320K-12 
LM120H-12 
LM320H-12 
LM320T-12 
LM320MP-12 
OROER NUMBERS 


ITO-31 
ITO-31 
ITO-391 
ITO-39) 
(TO-2201 
ITO-2021 


OESIGN OUTPUT CURRENT 
1101 
lA 
lA 
0.2A 
0.2A 
lA 
0.5A 
DEVICE DISSIPATION 
IPDI 
20W 
20W 
'NY 
'NY 
1SW 
7.5W 


PARAMETER 
CONDITIONS 
(NOTE 11 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output 
Voltage 
TJ = 25'C, 
VIN = 17V, 
-12.3 
12 
-11.7 
-12.4 
12 
-11.6 
-12.3 
12 
-11.7 
-12.4 
12 
-11.6 
-12.4 
-12 
-11.6 
-12.5 
-12 
-11.5 


ILOAD 
= 5 mA 


Line 
Regulation 
TJ = 25'C, 
ILOAO = 5 mA, 
4 
10 
4 
20 
4 
10 
4 
20 
4 
20 
4 
24 


VMIN"; 
VIN <: VMAX 


Input 
Voltage 
-32 
-14 
-32 
-14 
-32 
-14 
-32 
-14 
-32 
-14.5 
-32 
-14.5 


Ripple 
Rejection 
f = 120 Hz 
56 
80 
56 
80 
56 
80 
56 
80 
56 
80 
56 
80 


Load 
Regulation, 
(Note 
2) 
TJ=25'C, 
VIN= 
17V, 
30 
80 
30 
80 
10 
25 
10 
40 
30 
80 
40 
100 


5mA"; 
ILOAO"; 
10 


Output 
Voltage, 
(Note 
1) 
14.5V .,; VIN"; 
VMAX, 
-12.5 
-11.5 
-12.6 
-11.4 
-12.5 
-11.5 
-12.6 
-11.4 
-12.6 
-11.4 
-12.6 
-11.4 


5 mA .,; 1LOAD"; 
10, P .,; Po 


Quiescent 
Current 
VMIN <; VIN"; 
VMAX 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 


Quiescent 
Current 
Change 
TJ = 2SoC 


VMIN"; 
VIN"; 
VMAX 
0.1 
0.4 
0.1 
0.4 
0.05 
0.4 
0.05 
0.4 
0.1 
0.4 
0.05 
0.3 


5 mA"; 
ILOAO"; 
10 
0,1 
0.4 
0.1 
0.4 
0.03 
0.4 
0.03 
0.4 
0.1 
0.4 
0.04 
0.25 


Output 
Noise 
Voltage 
TA = 25'C, CL = 1~F, I L = 5 mA, 
400 
400 
400 
400 
400 
400 


VIN = 17V, 10 Hz"; f"; 100 kHz 


Long Term 
Stability 
12 
120 
12 
120 
12 
120 
12 
120 
24 
24 


Thermal 
Resistance 


Junction 
to Case 
3 
3 
15 
i 


15 
4 
12 


Junction 
to Ambient 
35 
35 
150 
150 
50 
70 


Note 
1: 
This specification 
applies 
over -SS'C 
$: TJ $: +lS0'C 
forthe 
LM120 
and O·C S TJ S +12S'C 
for 
the LM320. 


Note 2: 
Regulation 
is measured at constant 
junction 
temperature. 
Changes in output 
voltage due to heating effects must be taken 
into account 
separately. 
To ensure constant 
junction 
temperature, 


cycle, pulse testing is used. The LM120/LM320 
series does have low thermal 
feedback, 
improving 
line and load regulation. 
On all other tests, even though power dissipation 
is internally 
limited, 
electrical 
tions apply only up to PO. 
i 


-15 VOLT REGULATORS 
Absolute Maximum 
Ratings 


Power Dissipation 
Internally 
Limited 


Input 
Voltage 


LM 120/LM320 
-40V 


LM320T/LM320MP 
-35V 


Input·Output 
Voltage 
Differential 
30V 


Junction 
Temperatures 
See Note' 1 


Storage Temperature 
Range 
--B5°C to +1 50°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 


METAL CAN PACKAGE 
POWER PLASTIC PACKAGE 


LM120K·15 
LM320K·15 
LM120H·15 
LM320H·15 
LM320T·15 
LM320Mp·15 


ORDER NUMBERS 


ITO·31 
ITO·31 
ITO·39) 
(TO·391 
ITO·2201 
1T0·2021 
UNITS 


DESIGN OUTPUT CURRENT 
IIDI 
1A 
1A 
0.2A 
0.2A 
1A 
0.5A 


DEVICE DISSIPATION 
(PDI 
20W 
20W 
2W 
2W 
15W 
7.5W 


PARAMETER 
CONDITIONS 
INOTE 11 
MIN 
TVP 
"'AX 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
MIN 
TYP 
MAX 
MIN 
TVP 
MAX 


Output 
Voltage 
TJ" 
25"c, 
V'N" 
20V. 
15.3 
15 
-14.7 
15.4 
15 
14.6 
15.3 
15 
-14.7 
-15.4 
15 
-14.6 
-15.5 
15 
14.5 
-15.6 
15 
-14.4 
V 


ILOAD " 5 mA 


Line 
RegulatIon 
TJ" 
25 C, 'LOAD 
5 mA, 
5 
10 
5 
20 
5 
10 
5 
20 
5 
20 
5 
30 
mV 


VMIN 
-:; VIN < VMAX 


Input 
Voltage 
35 
-17 
35 
11 
35 
17 
-35 
-17 
-35 
-17.5 
-35 
-17.5 
V 


Ripple 
Rejection 
I" 
120 Hz 
56 
80 
56 
80 
56 
80 
56 
80 
56 
80 
56 
80 
dB 


Load 
RegulatIon, 
(Note 
2) 
TJ" 
25 C. VIN" 
20V, 
30 
80 
30 
80 
10 
25 
10 
40 
30 
80 
40 
100 
mV 


5 mA <; 'LOAD <; 'D 


Output 
Voltage, 
(Note 
1) 
11.5V < V'N <; VMAX. 
15.5 
-14.5 
-15.6 
14.4 
15.5 
14.5 
-15.6 
-14.4 
-15.7 
-14.3 
-15.7 
-14.3 
V 


5mA'S 
ILOADS 
IO,P<PD 


Quiescent 
Current 
VM'N < V'N <; VMAX 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
mA 


Quiescent 
Current 
Change 
Tr 25 C 


VMIN <; V,N <; VMAX 
01 
0.4 
0.1 
0.4 
005 
0.4 
0.05 
0.4 
01 
0.4 
0.05 
0.3 
mA 


5mA<; 
'LOAD<; 
'D 
0.1 
0.4 
0.1 
0.4 
0.03 
0.4 
0.03 
0.4 
01 
0.4 
004 
0.25 
mA 


Output 
Noise 
Voltage 
TA"25"C,CL" 
1~F, 'L" 
5mA. 
400 
400 
400 
400 
400 
400 
~V 
VIN" 
20V, 10 Hz <; I <; 100 kHz 


Long Term 
StabIlity 
15 
150 
15 
150 
15 
150 
15 
150 
30 
30 
mV 


Thermal 
Resistance 


Junction to Case 
3 
3 
15 
15 
4 
12 
·CIW 


Junction 
to Ambient 
35 
35 
150 
I 
150 
50 
70 
·CIW 


Note 
1: 
This specification 
applies over -5SoC 
:S TJ :5 +150° C for the LM120 
and O°C ~ TJ :$. +12SoC 
for the LM320. 


Note 2: 
Regulation 
is measured at constant 
junction 
temperature. 
Changes in output 
voltage due to heating effects 
must be taken 
into account 
separately. 
To ensure constant 
junction 
temperature, 
low duty 
cycle, pulse testing is used. The LM120/LM320 
series does have low thermal 
feedback, 
improving 
line and load regulation. 
On all other tests, even though power dissipation 
is internally 
limited, 
electrical 
specifica- 


tions apply only up to PO- 
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MAXTURNON 
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11SA 
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TURN 
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IN 
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(+115V 
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,0- 
I 
" 
I 
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OUTPUT TRIM 
lN4DDl 


I 
TO -IS.OV 


I 
IN 
OUT 


-VI'" 
VOUT1-l15V 


Laid R~1l11l10n'I.:lll·1A 


OutputRlppl.,CIN-JODOJJF.ll-1A 


Temp,I.lur,SI.bility 


OutputNalMl0HI$;fS;10kNl 


lDmV 
100j./V,ms 
+50mV 
lS0.,v,ml 


, mV 


10lh,Vrms 


+5DmV 
150",V.ms 


:< 


OUTPUT 


• 
INPUT 


GNo 
P~lCASEI 
U 


INPUT 


OUTPUT~ICASEI.0 


Aluminum 
Metal Can 


Package TO-3 I KC) 


Order Numbers: 


LM120H-5_0 
LM120H-12 
LM120H-15 
LM320H-5.0 
LM320H-12 
LM320H-15 


See Package H03A 


LM120K-5.0 
LM120K-12 
LM120K-15 
LM320K-5.0 
LM320K-12 
LM320K-15 


See Package K02A 


LM320MP-5.0 
LM320MP-12 
LM320MP-15 


See 
Package 
P03A 


For Tab Formed TO·202 
Order 
Numbers: 


LM320MP-5.0TB 
LM320MP-12TB 
LM320MP-15TB 
See Package P03E 


LM320T-5.0 
LM320T-12 
LM320T-15 


See 
Package 
T03B 


General 
Description 


The LM 123 is a three-terminal 
positive 
regulator 


with 
a preset 5V output 
and a load driving 
capa- 
bility 
of 3 amps_New circuit 
design and processing 


techniques 
are used to 
provide 
the 
high output 


current 
without 
sacrificing 
the regulation 
charac- 
teristics of lower current 
devices. 


The 
3 amp 
regulator 
is virtually 
blowout 
proof. 
Current 
limiting, 
power 
limiting, 
and 
thermal 


shutdown 
provide the same high level of reliability 
obtained 
with 
these 
techniques 
in 
the 
LM 109 


1 amp regulator. 


No external components 
are required for operation 


of the LM 123. If the device is more than 4 inches 
from 
the 
filter 
capacitor, 
however, 
a 1IJF solid 


tantalum 
capacitor 
should 
be used on the 
input. 
A O.lIJF or larger capacitor 
may be used on the 
output 
to reduce load transient 
spikes created by 
fast switching 
digital 
logic, or to swamp out stray 


load capacitance. 


An overall worst casespecification 
for the combined 


effects 
of 
input 
voltage, 
load 
currents, 
ambient 


co, 


OU"UT~IC"Sllo 


Order Number LM123K 
STEEL. 


LM223K 
STEEL or LM323K 
STEEL 
See Packago 
K02A 


temperature, 
and 
power 
dissipation 
ensure that 


the LM 123 will 
perform 
satisfactorily 
as a system 
element. 


For 
applications 
requiring 
other 
voltages, 
see 


LM 150 series data sheet. 


Operation 
is guaranteed over the junction 
tempera- 


ture 
range 
-55°C 
to 
+150°C. 
An 
electrically 


identical 
LM223 
operates from 
-25°C 
to +150°C 


and the 
LM323 
is specified 
from 
O°C to +125°C 


junction 
temperature. 
A hermetic 
TO-3 package is 


used for high reliability 
and low thermal 
resistance. 


• 
3 amp output 
current 


• 
Internal current and thermal limiting 


• 
0.01>2 typical 
output 
impedance 


• 
7.5 minimum 
input voltage 


• 
30W power dissipation 


• 
100% electrical burn-in 


·ReqUlfrd.llM12J"mOlelh~n4"lromlll.er 
c,paC'IOI 


fRegulatolllslablewllh 
110 load 
Clpicrlor 
mtoleslst,ve 


loads. 


20V 


Internally 
Limited 
Input 
Voltage 


Power 
Dissipation 
Operating 
Junction 
Temperature 
Range 
LM123 
LM223 
LM323 


Storage 
Temperature 
Range 
Lead Temperature 
(Soldering, 
10 see) 


-55°C 
to +150°C 


-25°C to +150°C 
O°C to +125°C 


--65°C to +150°C 
300°C 


Preconditioning 


Burn-I n in Thermal 
Limit 


LM123/LM223 
LM323 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


Output 
Voltage 


Tj 
== 2SoC 
4.7 
5 
5.3 
4.8 
5 
5.2 
V 
V1N 
== 7.5V, lOUT =- 0 


Output 
Voltage 
7.5V';; 
V'N';; 
15V 
4.6 
5.4 
4.75 
5.25 
V 
0';; lOUT';; 3A, P';; 30W 


line 
Regulation 
(Note 3) 


Tj 
= 2SoC 
5 
25 
5 
25 
mV 
7.5V';; 
V'N';; 
15V 


Load 
Regulation 
(Note 
3) 
T 


J 
:. 
2SoC. 
V1N 
= 75V, 
25 
100 
25 
100 
mV 


0';; lOUT';; 3A 


Quiescent 
Current 
7.5V';; 
V'N';; 
15V, 
12 
20 
12 
20 
mA 
o ~ 
lOUT 
~ 
3A 


Output 
Noise 
Voltage 
TJ 
"" 2SoC 
40 
40 
jJVrms 


10 Hz -s: f S 100 
kHz 


Tj 
= 2SoC 


Short 
Circuit 
Current 
Limit 
V1N 
= 15V 
3 
4.5 
3 
4.5 
A 


V1N 
= 7.5V 
4 
5 
4 
5 
A 


Long Term Stability 
35 
35 
mV 


Thermal 
ResIstance 
Junction 
2 
2 
°CIW 


to Case 
(Note 
2) 


Note 
1: Unless otherwise noted, specifications apply for -5SoC 
S Tj ~ +150°C 
for the LM123, 
-2SoC 
S Tj S +150°C 
for the 
LM223. 
and aOe S Tj S +12SoC 
for the LM323. 
Although 
power dissipation is internally 
limited, 
specifications apply only 


for P';; 
30W. 


Note 
2: Without 
a heat sink, the thermal 
resistance of the TO-3 
package is about 3SoC/W. 
With a heat sink, the effective 
thermal resistance can only approach the specified values of 2°C/W. 
depending on the efficiency of the heat sink. 


Note 
3: 
Load 
and 
line regulation 
are specified 
at 
constant 
junction 
temperature. 
Pulse testing is required 
with 
a pulse 
width ~ 1 ms and a duty cycle $. 5%. 
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~National 
~ 
Semiconductor 
Voltage 
Regulators 


LM125/LM325/LM325A, 
LM126/LM326 


Voltage 
Regulators 


These 
are dual 
polarity 
tracking 
regulators 
design· 
ed 
to 
provide 
balanced 
positive 
and 
negative 
out· 


put 
voHages 
at current 
up to 
100 mA, 
the devices 
are set for 
± 15 V and 
± 12 V outputs 
respectively. 


Input 
voltages 
up to ±30 V can 
be used 
and there 


is provision 
for 
adjustable 
current 
limiting. 
These 
devices 
are 
available 
in 
three 
package 
types 
to 


accomodate 
various 
power 
requirements 
and 
temperature 
ranges. 


• 
±15V 
and ±12V 
tracking 
outputs 


• 
Output 
current 
to 100 mA 


• 
Output 
voltages 
balanced 
to within 
1% (LM125, 


LM 126, 
LM325A) 


• 
Line and load regulation 
of 0.06% 


• 
Internal 
thermal 
overload 
protection 


• 
Standby 
current 
drain 
of 3 mA 


• 
Externally 
adjustable 
current 
limit 


• 
Internal 
current 
limit 
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0U41 
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0(61 
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225 
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'00 
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0(41 


Order Number LM325AN, 
LM325N, 


or LM326N 
See Package N 14A 


Cc:se connected 
to -VIN 


Order 
Number 


LM125H, 
LM325H, 
LM126H, 
or LM326H 
See 
Package 
H 1OC 


t-orced VO' 
{mini (Note 
11 


Forced Vo - Imaxl 
INote 
1) 
Power Dissipation (Note 2) 


Output Short-Circuit 
Duration 
(Note 3) 


-{).5V 


+0.5V 


PMAX 
Indefinite 


_ •.••••, •.•,,,.~ 
,o;lIl~'dlurt.' 
Mange 


LM125 
-55°C 
to +125°C 


LM325, 
LM325A 
O°C to +70°C 
Storage Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 10 seconds) 
300°C 


MIN 
TYP 
MAX 
UNITS 


14.8 
15 
15.2 
V 


14.5 
15 
15.5 
V 


2.0 
V 


2.0 
10 
mV 


2.0 
20 
mV 


3.0 
10 
mV 


5.0 
10 
mV 


4.0 
20 
mV 


7.0 
20 
mV 


±150 
mV 


'300 
mV 


14.65 
15.35 
V 


14.27 
15.73 
V 


±0.3 
0:) 


260 
mA 


150 
J-lVrms 


1.75 
3.0 
mA 


3.1 
5.0 
mA 


0.2 
°o/kHr 


45 
°C/W 


150 
°CIW 


Output Voltage 


LM125/LM325A 
LM325 


Line Regulation Over Temperature 


Range 


Load Regulation 


Vo+ 
Vo- 


Load Regulation Over Temperature 


Range 
Vo+ 
Vo- 


Output Voltage Balance 


LM125, 
LM325A 


LM325 


Output Voltage Over Temperature 
Range 


LM 125/LM325A 
LM325 


Temperature Stability of Va 


Short Circuit Current limit 


Negative Standby Current 


Long Term Stability 


Thermal Resistance Junction to 


Case INote 41 
LM125H, 
LM325H 


Junction to Ambient 


LM325AN, 
~M325N 


V'N = 18V to 30V, IL = 20 mA, 
T, = 25"C 


V'N = 18V to 30V, IL = 20 mA 


IL = Oto SOmA, V'N = '30V, 
T; = 25"C 


P <; PMAX' 
0 <; 10 <; 50 mA, 


18V<;IV,N1S30 


T, = 25"C 


T, = 25°C, BW = 100 - 
10 kHz 


Tj = 25°C 


Tj = 25"C 


Note 1: That voltage to which the output may be forced without 
damage to the device. 


Note 
2: 
Unless otherwise specified these specifications apply 
for T(55°C 
to +150°C 
on LM125, 
T·""O°C to +12SoC 
on 
LM325A, 
TtO°C 
to 
+125°C 
on 
LM325, 
VIN=.20V, 
IL=O mA, 
'MAX=100 
mA, 
PMAX=2.0W 
lor 
\he 
TO-5 
H Package 
'MAX=l00 
mA. 
'MAX=l00 
mA, PMAX=1.QW 
for the DIP N Package. 


Note 3: If the junction temperature 
exceeds 150°C, 
the output short circuit duration is 60 seconds. 


Note 4: Without 
a heat sink, the thermal 
resistance junction 
to ambient 
of the TO-S Package is about 150°CIW. 
With a heat 
sink, the effective 
thermal 
resistance can only approach the junction 
to case values specified, depending of the efficiency of 
the sink. 


Input Voltage 
Forced Vo + (Min) (Note 1) 
Forced Vo- 
(Max) (Note 1) 


Power Dissipation 
(Note 2) 
Output 
Short-Circuit 
Duration 
(Note 31 


Operating Temperature 
Range 


LM126 
LM326 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 seconds1 


±30V 
-o.5V 


+0.5V 
Tnternally 
Limited 


Indefinite 


-55°C 
to +125°C 


O°C to +70°C 


-65°C 
to +150°C 


300°C 


Electrical 
Characteristics 
LM126/LM326 
(Note 2) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
T, ; 25"C 


LM126, 
LM326 
11.8 
12 
12.2 
V 


11.5 
12.5 
V 


Input-Output 
Differential 
2.0 
V 


Line Regulation 
V'N 
15V to 30V 
20 
10 
mV 


IL 
- 20 mA. T, = 25 C 


line 
Regulation 
Over Temperature 
Range 
V'N - 15V to 30V. IL 
; 20 mA 
2.0 
20 
mV 


Load Regulation 
IL 
a to 50 mA. V'N 
= '30V, 
Vo 
T, = 25 C 
3.0 
10 
mV 


Vo 
5.0 
10 
mV 


Load Regulation 
Over Temperature 
Range 
IL = a to 50 rnA, V1N 
- 
+30V 


Vo . 
4.0 
20 
mV 


Vo 
7.0 
20 
mV 


Output 
Voltage 
Balance 
T, = 25'C 


LM126, 
LM326 
'125 
mV 


±250 
mV 


Output 
Voltage 
Over Temperature 
Range 
p~PMAx.O::;lo 
~50mA 
LM126 
1SV ~ IV'NI~ 
30V 
11.68 
12.32 
V 


LM326 
11.32 
12.68 
V 


Temperature 
Stability 
of Vo 
'0.3 


0 
0 


Short Circuit 
Current 
Limit 
T, = 25 C 
260 
mA 


Output 
Noise Voltage 
T, ; 25 C, 8W = 100 - 10 kHz 
100 
J..lVnns 


Positive Standby 
Current 
T 
J = 25°C, 
I L = 0 
1.75 
3.0 
mA 


Negative 
Standby 
Current 
T, = 25°C, I L = a 
3.1 
5.0 
mA 


Long Term Stability 
0.2 
%/kHr 


Thermal 
Resistance Junction 
to Case (Note 4) 


LM126/LM326H 
45 
°C/W 


Junction to Ambient 
LM326N 
150 
C/W 


Notel: 
That voltage 
to which 
the output 
may be forced 
without 
damage 
to the device. 


Note 
2: 
Unless 
otherwise 
specified. 
these 
specifications 
apply 
for 
Tj=55°C 
to 
+150°C 
on 
LM126. 
TJ=O°C to +125°C 
on 
LM326, 
VIN=±20V, 
IL=O mA, 
IMAX=l00 
mA, 
PMAX=2.0W 
for 
the 
TO-S 
H Package 
IMAX=100 
mA 
IMAX=100 
mA, 


PMAX=1.0W 
for the DIP N Package. 


Note 
3: If the junction 
temperature 
exceeds 
150°C 
the output 
short circuit 
duration 
;s 60 seconds. 


Note 
4: Without 
a heat sink. 
the thermal 
resistance 
junction 
to ambient 
of the TO-5 Package 
is about 
150° 
C/W. With a heat 
sink, 
the effective 
thermal 
resistance 
can only 
approach 
the junction 
to case values 
specified. 
depending 
on the efficiency 
of 
the sink. 


Typical Performance Characteristics 
(V,N = ±20V. IL = 0 mA. Tj = 25°C. unless otherwise noted.) 
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( Cl 
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TEMPERATURE 
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lM1251126 Currant 
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Sense 
Voltage 
vs 


Temperature 
for Positive 
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Regulator 
Standby 
Current 
Drain 
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Typical Performance Characteristics (cont'd.) 


LM125 
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Response 
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Regulator 
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Response 
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LM125 
Line Transient 
Response 
for Positive Regulator 
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LM125 
Output 
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YS Frequency 
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tSOllD 
TANTALUM 
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PINS 
6 
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1 
ON 
DIP 


"tAcl 
CAN 
BE 
ADDED 
TO 
THE 
BASIC 
REGULATOR 
BETWEEN 
PINS 
6 
AND 
S. 
I 
AND 
2 


TO 
REDUCE 
CURRENT 
LIMIT 


'REQUIREO 
IF 
REGULATOR 
IS 
LOCATED 
AN 
APPRECIABLE 
DISTANCE 
FROM 
POWER 


SUPPLY 
FILTER. 


"ALTHOUGH 
NO 
CAPACITOR 
IS 
NEEDED 
FOR 
STABILITY. 
IT 
DOES 
HELP 
TRANSIENT 


RESPONSE. 
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NEEDED 
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1l'F 
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.T" 
_ 25"C 


-V, •• --25V 
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~National 
~ 
Semiconductor 


LM137 /LM237 /LM337 
3-Terminal Adjustable 
Negative Regulators 


The 
LM137/LM237/LM337 
are adjustable 
3-terminal 


negative voltage regulators capable of supplying in excess 
of 
-l.SA 
over an output 
voltage 
range of 
-1.2V 
to 


-37V. 
These regulators are exceptionally 
easy to apply, 


requiring 
only 
2 external 
resistors to 
set the output 


voltage and 1 output 
capacitor for frequency compensa- 


tion. The circuit 
design has been optimized 
for excellent 


regulation 
and 
low 
thermal 
transients. 
Further, 
the 
LM137 
series features internal current 
limiting, 
thermal 


shutdown 
and 
safe-area compensation, 
making 
them 


virtually 
blowout-proof 
against overloads. 


The 
LM137/LM237/LM337 
serve a wide 
variety 
of 


applications 
including 
local on-card regulation, program- 


mable-output 
voltage 
regulation 
or 
precision 
current 


regulation. The LM137/LM237/LM337 
are ideal comple- 


ments to the LMl17/LM217/LM317 
adjustable positive 
regulators_ 


• 
Output 
voltage adjustable from -1.2V 
to -37V 


• 
l_SA output 
current guaranteed, -SSoC to +lS0°C 


• 
Line regulation typically 
0.01%/V 


• 
Load regulation typically 
0.3% 


• 
Excellent thermal regulation, 0_002%/W 


• 
77 dB ripple rejection 


• 
Excellent rejection of thermal transients 


• 
SOppmfC 
temperature coefficient 


• 
Temperature-independent 
current limit 


• 
Internal thermal overload protection 


• 
100% electrical burn-in 


• 
Standard 3-lead transistor package 


RATED 
DESIGN 


DEVICE 
PACKAGE 
POWER 
LOAD 
DISSIPATION 
CURRENT 


LM137 
TO-3 
20W 
1.SA 


LM237 
TO-39 
2W 
O.SA 
LM337 
LM337T 
TO-220 
1SW 
1.SA 


LM337M 
TO·202 
7.SW 
O.SA 


LM337LZ 
TO-92 
O.62W 
O.1A 


+ 
cz* 


LM137/ 
LM337 


tel = 1 ,u.Fsolid tantalum or 10.u.F aluminum electrolytic 
required for stability. 


Output capacitors in the range of 1 .uF to 1000,u.F of aluminum or tan- 
talum 
electrolytic 
are commonly 
used to provide improved output 
impe- 


dance and rejection of transients. 


·C2"" 
1 JlF solid tantalum 
is required 
only 
if regulator 
is more than 4" 
from 
power-supply filter capacitor 


Power 
Dissipation 


Input-Output 
Voltage 
Differential 


Operating 
Junction 
Temperature 
Range 
LM137 
LM237 
LM337 


Storage 
Temperature 


Lead 
Temperature 
(Soldering, 
10 seconds) 


Internally 
limited 


40V 


-55°C 
to +150°C 


-25°C 
to +150°C 
O°C to +125°C 


-65°C 
to +150°C 
300°C 


Preconditioning 


Burn-In 
in Thermal 
Limit 
100% 
All Devices 


TA = 25°C, 3V"; 
IVIN-vOUTi"; 
40V 


(Note 21 


T A = 25°C, 
10 mA"; 
lOUT"; 
'MAX 


IVOUTI"; 
5V. (Note 21 


IVOUTI 
~ 5V. (Note 21 


T A = 25°C, 
10 ms Pulse 


10mA"; 
IL ";IMAX 


3.0V"; 
IVIN-VOUTI"; 
40V, TA = 25°C 


T A = 25°C 
(Note 31 


3"; 
IVIN-VOUTJ"; 
40V. INote 31 


10 mA"; 
lOUT <; IMAX, 
P"; 
PMAX 


3V"; 
IVIN-VOUTI"; 
40V, (Note 2) 


10 mA"; 
lOUT"; 
IMAX, 
(Note 21 


IVOUT!"; 
5V 


iVOUTI~ 
5V 


TMIN <; Tj"; 
TMAX 


IVIN-VOUTI"; 
40V 


IVIN-VOUTI"; 
10V 


IVIN-VOUTI"; 
15V 


K and T Package 


Hand 
P Package 


IVIN-VOUTI 
= 40V, Tj = 25°C 


K and T Package 


Hand 
P Package 


TA= 
25°C, 10 Hz";f"; 
10kHz 


VOUT 
= -10V, 
f = 120 Hz 


CAOJ = 10 IlF 


TA = 125°C, 1000 Hours 


H Package 


K Package 


T Package 


P Package 


Line Regulation 


Load Regulation 


RMS Output 
Noise. % of VOUT 


Ripple 
Rejection 
Ratio 


r-:s: 
~ 
(A) 
::::::Ir-:s: 
I\) 
(A) 
::::::Ir-:s: 
(A) 
(A) 
••••••• 


LM137/LM237 
LM337 
UNITS 
MIN 
TYP 
MAX 
MfN 
TYP 
MAX 
III 
0.01 
0.02 
0.01 
004 
%/V 


15 
25 
15 
50 
mV 


03 
0.5 
0.3 
1.0 
% 


0.002 
0.02 
0.003 
0.04 
%IW 


65 
100 
65 
100 
IlA 


2 
5 
2 
5 
IlA 


-1.225 
-1.250 
-1.275 
-1.213 
-1.250 
-1.287 
V 


-1.200 
-1.250 
-1.300 
-1.200 
-1.250 
-1.300 
V 


0.02 
0.05 
0.02 
0.07 
%/V 


20 
50 
20 
70 
mV 


0.3 
1 
0.3 
1.5 
% 


0.6 
0.6 
% 


2.5 
5 
2.5 
10 
mA 


1.2 
3 
1.5 
6 
mA 


1.5 
2.2 
1.5 
2.2 
A 


0.5 
0.8 
0.5 
08 
A 


0.24 
0.4 
0.15 
0.4 
A 


0.15 
0.17 
0.10 
0.17 
A 


0003 
0.003 
% 


60 
60 
d8 


66 
77 
66 
77 
d8 


0.3 
1 
0.3 
1 
% 


12 
15 
12 
15 
°CIW 


2.3 
3 
2.3 
3 
°CIW 


4 
°CIW 


12 
°CIW 


Note 
1: 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
- 550C 
<; Tj <; +1500C for 
the 
LM137, 
- 250C <; Tj <; +1500C for 
the 


LM237, 
OOC<; Tj <; +1250C for the 
LM337; 
VIN - VOUT = 5V; and 
lOUT =0.1 A for the TO-39 
and TO-202 
packages 
and 
lOUT =0.5A 
for 
the TO-3 
and TO-220 
packages. 
Although 
power 
dissipation 
is internally 
limited, 
these 
specifications 
are applicable 
for power 
dls· 
sipations 
of 2W for the TO-39 
and TO-202 
and 20W for the TO-3 
and TO-220. 
IMAX is 1.5A for the TO-3 
and TO-220 
packages, 
and 
0.5A 
for the TO-202 
package 
and 0.2A 
for the TO-39 
package. 


Note 
2: 
Regulation 
is measured 
at constant 
junction 
temperature, 
using 
pulse 
testing 
with 
a low duty 
cycle. 
Changes 
in output 
volt· 


age due to heating 
effects 
are covered 
under 
the specification 
for thermal 
regulation. 
Load 
regulation 
is measured 
on the output 
pin at 
a point 
1/8" 
below 
the 
base 
of the TO-3 
and 
TO-39 
packages. 


Note 
3: 
Selected 
devices 
with 
tightened 
tolerance 
reference 
voltage 
available. 
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.lO 
.... 
Ok 
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Ok 
2.4k 
'J] 
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When 
power 
is 
dissipated 
in 
an 
IC, 
a 
temperature 
gradient 
occurs 
across 
the 
IC chip 
affecting 
the 
individual 


IC circuit 
components. 
With 
an IC regulator, 
this 
gradient 


can 
be especially 
severe 
since 
power 
dissipation 
is large. 
Thermal 
regulation 
is the 
effect 
of 
these 
temperature 
gradients 
on output 
voltage 
(in percentage 
output 
change) 
per 
Watt 
of 
power 
change 
in a specified 
time. 
Thermal 


regulation 
error 
is independent 
of electrical 
regulation 
or 
temperature 
coefficient, 
and occurs 
within 
5 ms to 50 ms 
after 
a change 
in power 
dissipation. 
Thermal 
regulation 
depends 
on 
IC layout 
as well 
as electrical 
design. 
The 
thermal 
regulation 
of a voltage 
regulator 
is defined 
as the 
percentage 
change 
of 
VOUT, 
per Watt, 
within 
the 
first 


10 
ms 
after 
a step 
of 
power 
is applied. 
The 
LM137's 
specification 
is 0.02%/W, 
max. 


In Figure 
1, a tYpical 
LM137's 
output 
drifts 
only 
3 mV 
(or 
0.03% 
of 
VOUT 
= 
-10V) 
when 
a 
lOW 
pulse 
is 
applied 
for 
10 ms. This 
performance 
is thus 
well 
inside 
the 
specification 
limit 
of 0.02%/W 
x lOW = 0.2% 
max. 


When 
the 
lOW 
pulse 
is ended, 
the 
thermal 
regulation 
again 
shows 
a 
3 
mV 
step 
as 
the 
LM137 
chip 
cools 
off. 
Note 
that 
the 
load 
regulation 
error 
of about 
8 mV 


(0.08%) 
is additional 
to 
the 
thermal 
regulation 
error. 


In Figure 2, when 
the 
lOW pulse 
is applied 
for 
100 ms, 


the 
output 
drifts 
only 
slightly 
beyond 
the 
drift 
in the 


first 
10 
ms, 
and 
the 
thermal 
error 
stays 
well 
within 


0.1% 
(10 mV). 


--j 
10ms I-- 


LM137, VOUT 
= -10V 


VIN-VOUT 
= --40V 


IL = OA - 
O.25A - 
OA 
Vertical 
sensitivity. 
5 mV/div 


FIGURE 
1 


1---100 ms---j 


LM137, VOUT = -lOV 


VIN-VOUT 
= --40V 


IL = OA - 
O.25A- 
OA 


Horizontal 
sensitivity. 
20 ms/div 


FIGURE 
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Order 
Number: 


LM137K 
STEEL 


LM237K 
STE EL 
LM337K 
STEEL 


See Package K02A 


Order 
Number: 


LM137H 
LM237H 
LM337H 


See Package H03B 


1.250V 


Rl 


·O.sn 
~ Rl 
~ 120n 


*When 
CL is larger than 
20 ~F, 
01 protects 
the 
LM137 
in case the input 
supply 
is shorted 


**When 
C2 is larger than 
10 ~F and -VOUT 
is 
larger than 
-25V, 
02 protects 
the 
LM137 
in 
case the output 
is shorted 
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V,. 


FRONT 
VIEW 


Order 
Number: 


LM337T 
See Package T03B 


V,. 


FAONT 
VIEW 


Order 
Number: 


LM337MP 


See Package P03A 


For Tab Bend TO-202 
Order 
Number: 


·LM337MP 
See Package P03E 


-5.2V 
Regulator 
with 
Electronic 
Shutdown'" 


TTL 
CONTAOl 


-BV TO -20V 


*Minimum 
output 
~ -1.3V 
when 
control 
input 
is low 


., 
1 
_ 
l 


'OUT 
1.5V 
lOUT = (R1") 
±15% adjustable 


VOUT 
-lOV 
15ppmrc 


01 


Typical Performance 
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and T Packages) 
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O.B 
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~National 
~ 
Semiconductor 
Voltage Regulators 


LM137HV ILM237HV ILM337HV 
3-Terminal Adjustable Negative Regulators (High Voltage) 


The 
LM 137HV /LM237HV 
/LM337HV 
are 
adjustable 
3-terminal 
negative voltage 
regulators 
capable of 
sup- 
plying 
in excess of -1.5A 
over an output 
voltage range 


of -1.2V 
to -47V. 
These regulators are exceptionally 


easy to apply, 
requiring 
only 2 external 
resistors to set 


the output 
voltage and 1 output capacitor for frequency 


compensation. 
The circuit design has been optimized 
for 
excellent 
regulation 
and low thermal transients. Further, 


the 
LM137HV 
series features internal 
current 
limiting, 
thermal 
shutdown 
and safe-area compensation, 
making 


them virtually 
blowout-proof 
against overloads. 


The 
LM137HV/LM237HV/LM337HV 
serve 
a 
wide 
variety 
of 
applications 
including 
local 
on-card 
regula- 
tion, 
programmable-output 
voltage 
regulation 
or pre- 


cision 
current 
regulation. 
The 
LM 137HV /LM237HV 
/ 


LM337HV 
are ideal 
complements 
to 
the 
LM 117HV / 
LM217HV /LM317HV 
adjustable positive regulators. 


• 
Output voltage adjustable from -1.2V 
to --47V 


• 
1.5A output 
current guaranteed, -55°C 
to +150°C 


• 
Line regulation typically 
0.01%/V 


• 
Load regulation typically 
0.3% 


• 
Excellent thermal regulation, 0.002%/W 


• 
77 dB ripple rejection 


• 
Excellent rejection of thermal transients 


• 
50 ppmfC 
temperature coefficient 


• 
Temperature-independent 
current limit 


• 
Internal thermal overload protection 


• 
100% electrical burn-in 


• 
Standard 3-lead transistor package 


lM137HV/ 
VOUT 
lM337HV 


-V OUT = -1.25V I, + ~) 
\ 
120n 


tC1 = 1IJ.F solid tantalum 
or 10IJ.F aluminum 
electrolytic 
required for stability. 


Output capacitors in the range of 1 IJ.Fto 1000 IJF of aluminum or tan· 
talum 
electrolytic 
are commonly 
used to provide improved output 
impe- 
dance and rejection of transients. 
·C2 = 1 J.LFsolid tantalum 
is required 
only 
if regulator 
is more than 4" 
from 
power-supply 
filter 
capacitor 


" 
-'-' 
~vv 


Operating 
Junction 
Temperature 
Range 


LM137HV 
-55°C 
to 
+150°C 


LM237HV 
-25°C 
to 
+150°C 


LM337HV 
O°C to 
+125°C 


Storage 
Temperature 
-65°C 
to 
+150°C 


Lead 
Temperature 
(Soldering, 
10 seconds) 
300°C 


Preconditioning 


Burn-In 
in Thermal 
Limit 
100% 
All 
Devices 


Electrical Characteristics 
(Note 
1) 


CONDITIONS 
LM137HV/LM237HV 
LM337HV 
UNITS 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Line 
Regulation 
TA = 25°C, 
3V ~ 
IVIN-VOUTi 
~ 50V, 
0.01 
0.02 
0.01 
0.04 
%/V 


(Note 
21 


Load 
Regulation 
TA 
= 25°C, 
10 mA ~ 
'OUT 
~ 
IMAX 


IVOUTI 
~ 5V, 
(Note 
2) 
15 
25 
15 
50 
mV 


1VOUTI:::: 
5V, 
(Note 
2) 
0.3 
0.5 
0.3 
1.0 
% 


Thermal 
Regulation 
TA = 25°C, 
10 ms Pulse 
0.002 
0.02 
0.003 
0.04 
%/W 


Adjustment 
Pin Current 
65 
100 
65 
100 
JlA 


Adjustment 
Pin Current 
Change 
10mA~IL~IMAX 
2 
5 
2 
5 
JlA 


2.5V 
~ IVIN-VOUTI 
~ 50V, 
3 
6 
3 
6 
JlA 


TA=25°C 


Reference 
Voltage 
T A = 25°C, 
(Note 
3) 
-1.225 
-1.250 
-1.275 
-1.213 
-1.250 
-1.287 
V 


3 ~ 
IVIN-VOUTI 
~ 50V, 
(Note 
3) 
-1.200 
-1.250 
-1.300 
-1.200 
-1.250 
-1.300 
V 


10 mA ~ 
lOUT 
~ 
IMAX, 
P ~ PMAX 


Line Regulation 
3V ~ IVIN-VOUTI 
~ 50V, 
(Note 
21 
0.02 
0.05 
0.02 
0.07 
%/V 


Load 
Regulation 
lamA 
~ 
lOUT 
~ 
IMAX, 
(Note 
21 


IVOUTI 
~ 5V 
20 
50 
20 
70 
mV 


IVOUTI:::: 
5V 
0.3 
1 
0.3 
1.5 
% 


Temperature 
Stability 
TMIN 
~ Tj ~ TMAX 
0.6 
0.6 
% 


Minimum 
Load Current 
IVIN-VOUTI 
~ 50V 
2.5 
5 
2.5 
10 
mA 


IVIN-VOUTI 
~ 10V 
1.2 
3 
1.5 
6 
mA 


Current 
Limit 
IVIN-VOUTI 
~ 
13V 


K Package 
1.5 
2.2 
3.2 
1.5 
2.2 
3.5 
A 


H Package 
0.5 
0.8 
1.6 
0.5 
0.8 
1.8 
A 


IVIN-VOUTI 
= 50V 


K Package 
0.2 
0.4 
0.8 
0.1 
0.4 
0.8 
A 


H Package 
0.1 
0.17 
0.5 
0.050 
0.17 
0.5 
A 


RMS Output 
Noise, % of VOUT 
TA= 
25°C, 
10 Hz~f~ 
10 kHz 
0.003 
0.003 
% 


Ripple 
Rejection 
Ratio 
VOUT 
= -lOV, 
f = 120 Hz 
60 
60 
dB 


CADJ 
= 10 JlF 
66 
77 
66 
77 
dB 


Long-Term 
Stability 
T A = 125°C, 
1000 Hours 
0.3 
1 
0.3 
1 
% 


Thermal 
Resistance, 
Junction 
H Package 
12 
15 
12 
15 
°C/W 


to Case 
K Package 
2.3 
3 
2.3 
3 
°C/W 


Note 
1: Unless otherwise 
specified, 
these specifications 
apply 
-55°C 
<; Tj <; +l50°C 
for the LM137HV, 
-25°C 
<;1j 
<; +l50°C 
for the 
LM237HV, 


OOC<;1j 
<; +125°C for the LM337HV; 
VIN-VOUT=5V; 
and 10UT=O.lA 
for the TO-39 
package and IOUT=0.5A 
for the TO-3 
package. 
Although 


power dissipation 
is internally limited, these specifications 
are applicable for power dissipations of 2W for the TO-39 
and 20W for the TO-3. 
IMAX is 
1.5A for the TO-3 
package and O.2A for the TO-39 
package. 


Note 
2: 
Regulation 
is measured at constant junction temperature, 
using pulse testing with a low duty cycle. Changes in output voltage due to heating 
effects are covered under the specification 
for thermal 
regulation. 
Load regulation is measured on the output pin at a point 1/8" below the base of the 


TO-3 
and TO-39 
packages. 


Note 
3: Selected 
devices with tightened 
tolerance 
reference 
voltage 
available. 


R21 


100 


Q25 


R20 


12k 
Q2' 


R29 
'" 
Rl5 
C5 
R18 


R14 
,go 
2pf 
12k 


15k 


Rl6 


02 


RlS 


10 


RJ) 


00' 


RJ3 


500 


When 
power 
is 
dissipated 
in 
an 
IC, 
a temperature 
gradient occurs across the IC chip affecting the individual 
ICcircuitcomponents. 
With an IC regulator, this gradient 


can be especially severe since power dissipation 
is large. 
Thermal 
regulation 
is the 
effect 
of these temperature 
gradients on output voltage (in percentage output 
change) 


per Watt of power change in a specified time. Thermal 
regulation 
error is independent of electrical regulation or 


temperature coefficient, 
and occurs within 
5 ms to 50 ms 
after a change in power dissipation. Thermal 
regulation 


depends on IC layout 
as well as electrical 
design. The 
thermal regulation of a voltage regulator is defined as the 
percentage change of VOUT, 
per Watt, within 
the first 


10 ms after a step of power is applied. The LM137HV's 
specification 
is 0.02%/W, 
max. 


In Figure 
I, a typical 
LM 137HV's 
output 
drifts 
only 


3 mV (or 0.03% of VOUT = -10V) 
when a lOW pulse is 


applied for 
10 ms. This performance 
is thus well inside 


the specification 
limit 
of 0.02%/W x lOW = 0.2% max. 
When the 
lOW pulse is ended, the thermal 
regulation 
again shows a 3 mV step as the 
LM 137HV 
chip cools 


off. 
Note that the load regulation 
error of about 8 mV 


(0.08%) 
is additional 
to 
the 
thermal 
regulation 
error. 


In Figure 
2, when the lOW pulse is applied for 
100 ms, 


the output 
drifts 
only 
slightly 
beyond the drift 
in the 


first 
10 ms, and the thermal 
error 
stays well 
within 


0.1% (10 mV). 


----l 
10m. I--- 


LM137HV, 
VOUT = -tOV 


VIN-VOUT 
= -40V 


I L = OA ~ O.25A ~ OA 


Vertical 
sensitivity. 
5 mV/div 


FIGURE 
1 


t---1DO m'---j 


LM137HV, 
VOUT = -10V 


VIN-VOUT 
= -40V 


IL = OA~ 
O.25A~ 
OA 


Horizontal sensitivity, 20 ms/div 


FIGURE 2 
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ADJUSTMONT 
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Ordering Information 
LM137HVK 
STEEL 


LM237HVK 
STEEL 


LM337HVK 
STEEL 
CASE IS 
See Package 
K02A 
0 
,NPUT 


Ordering Information 
LM137HVH 
Lm237HVH 
LM337HVH 


See Package H03B U 


P"~ 
ADJUSTM'NT 


IQ)-OUTPUT 


INPUT 


CASE 
1$INPUT 


, .250V 


RT 


·o.sn 
~ RT ~ T20n 


*When 
CL is larger than 20 I-lF. 
01 protects 
the 
LM137HV 
is case 
the 
input 
supply 
is shorted 


**When 
C2 is larger than 
10,uF 
and -VOUT 
is 
larger than -25V. 
02 
protects 
the LM137HV 
in case the output 
is shorted 


(' .5V) 
IOUT= 
R1 


VOUT 
-40V 
35 ppmfC 
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Regulation 
Current 
limit 
Adjustment 
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LM138/LM238/LM338 
5 Amp Adjustable Power Regulators 


General Description 


The 
LM138/LM238/LM338 
are 
adjustable 
3-terminal 


positive 
voltage 
regulators 
capable 
of supplying 
in excess 
of 
SA 
over 
a 
1.2V 
to 
32V 
output 
range. 
They 
are 


exceptionally 
easy 
to 
use 
and 
require 
only 
2 resistors 
to 
set 
the 
output 
voltage. 
Careful 
circuit 
design 
has 
resulted 
in 
outstanding 
load 
and 
line 
regulation 
- 
comparable 
to 
many 
commercial 
power 
supplies. 
The 
LM138 
family 
is supplied 
in a standard 
3-lead 
transistor 


package. 


A unique 
feature 
of the 
LM138 
family 
is time-dependent 


current 
limiting. 
The 
current 
limit 
circuitry 
allows 


peak 
currents 
of 
up 
to 
12A 
to 
be 
drawn 
from 
the 
regulator 
for 
short 
periods 
of 
time. 
This 
allows 
the 
LM 138 
to 
be 
used 
with 
heavy 
transient 
loads 
and 


speeds 
start-up 
under 
full-load 
conditions. 
Under 
sus- 
tained 
loading 
conditions, 
the 
current 
limit 
decreases 
to 
a safe 
value 
protecting 
the 
regulator. 
Also 
included 


on 
the 
chip 
are 
thermal 
overload 
protection 
and 
safe 
area 
protection 
for 
the 
power 
transistor. 
Overload 


protection 
remains 
functional 
even 
if the 
adjustment 


pin is accidentally 
disconnected. 


Normally, 
no 
capacitors 
are needed 
unless 
the 
device 
is 


situated 
far 
from 
the 
input 
filter 
capacitors 
in which 


case 
an 
input 
bypass 
is needed. 
An 
optional 
output 


capacitor 
can 
be added 
to 
improve 
transient 
response. 
The 
adjustment 
terminal 
can 
be 
bypassed 
to 
achieve 


very 
high 
ripple 
rejections 
ratios 
which 
are 
difficult 


to achieve 
with 
standard 
3-terminal 
regulators. 


Besides 
replacing 
fixed 
regulators 
or 
discrete 
designs, 


the 
LM138 
is useful 
in a wide 
variety 
of other 
applica- 


tions. 
Since 
the 
regulator 
is "floating" 
and sees only 
the 


input-to-output 
differential 
voltage, 
supplies 
of 
several 
hundred 
volts 
can 
be regulated 
as long 
as the maximum 


input 
to output 
differential 
is not exceeded. 


The 
LM138/LM238/LM338 
are 
packaged 
in 
standard 


steel 
TO-3 
transistor 
packages. 
The 
LM 138 
is rated 
for 


operation 
from 
-SSoC 
to 
+lS0°C, 
the 
LM238 
from 


-2SoC 
to +lS0°C 
and the 
LM338 
from 
O°C to +12SoC. 


• 
Guaranteed 
7A peak 
output 
current 


• 
Guaranteed 
SA output 
current 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Line regulation 
typically 
O.OOS%/V 


• 
Load 
regulation 
typically 
0.1% 


• 
Guaranteed 
thermal 
regulation 


• 
Current 
limit 
constant 
with 
temperature 


• 
100% electrical 
burn-in 
in thermal 
limit 


• 
Standard 
3-lead 
transistor 
package 


tOptional-improves 
transient response. 
Output capacitors in the range of 1 JJF 
Cl 


to 
1000 
IJF of aluminum 
or tantalum 
hF 


electrolytic 
are 
commonly 
used 
to 
provide 
improved 
output 
impedance 
and rejection 
of transients. 


* Needed 
jf 
device 
is 
far 
from 
filter 


capacitors. 


Regulator 
and Voltage 
Reference 


VREf·6.95V 


01 


lMJ29 


ttVOUT' 
1.2SV 
(1 + :~) 


"R1 
= 240n 
for LM138 and LM238 
A 1, R2 as an assembly 
can be ordered from 
Bourns: 
MIL part no. 710SA-AT2-S02 
COMM part no. 71OSA-AT7-S02 


I' 


Absolute Maximum Ratings 
Preconditioning 
s: 


All 
Devices 100% 
~ 


Power Dissipation 
Internally 
limited 
Burn-In 
in Thermal 
Limit 
~ 
Input-Output 
Voltage 
Differential 
35V 
e 
Operating 
Junction 
Temperature 
Range 
LM138 
_55° C to +150° C 
I' 


LM238 
_25°C 
to +150°C 
:s: 
LM338 
DoC to +125°C 
Storage Temperatu re 
_65°C 
to +150°C 
~ 
Lead 
Temperature 
(Soldering, 
10 seconds) 
300°C 
~ 


Electrical Characteristics 
(Note 
1) 
e 
I' 


LM138/LM238 
LM338 
:s: 
PARAMETER 
CONDITIONS 
UNITS 
~ 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


TA: 
25°C, 3V:'= VIN - VOUT ~ 35V, 
0,005 
0.005 
"IoN 
~ 
Line Regulation 
0.01 
0.03 
CO 


INote 2) 


LlJad Regulation 
TA = 25°C, 10 mA ~ lOUT ~ 5A 


VOUT ~ 5V, INote 2) 
5 
15 
5 
25 
mV - 


VOUT;:> 5V, INote 2) 
0.1 
0.3 
0.1 
0.5 
"10 


Thermal 
Regulation 
Pulse'" 
20 ms 
0.002 
0.01 
0.002 
0.02 
%/W 


Adjustment 
Pin Current 
45 
100 
45 
100 
IJA 


Adjustment 
Pin Current 
Change 
10mA~IL~5A 
0.2 
0.2 
IJA 


3V ~ (VIN - VOUT) ~ 35V 


Reference 
Voltage 
3 ~ IVIN - VOUT) ~ 35V,INote 
3) 
1.19 
1.24 
1.29 
1.19 
1.24 
1.29 
V 


10 mA ~ IOUT~ 
5A, P~ 50W 


Line Regulation 
3V ~ VIN - VOUT ~ 35V, (Note 2) 
0.02 
0.04 
0.02 
0.06 
%N 


Load Regulation 
10 mA ~ lOUT ~ 5A, (Note 2) 


VOUT~5V 
20 
30 
20 
50 
mV 


VOUT;:> 5V 
0.3 
0.6 
0.3 
1.0 
"10 


Temperature 
Stability 
TMIN:'= Tj ~ TMAX 
"10 


Minimum 
Load Current 
VIN - VOUT = 35V 
3.5 
3.5 
10 
mA 


Current 
Limit 
VIN - VOUT ~ 10V 


DC 
5.0 
8 
5.0 
8 
A 


0.5 
ms Peak 
7 
12 
7 
12 
A 


VIN - VOUT = 30V 
1 
1 
A 


RMS Output Noise, % of VOUT 
TA = 25°C, 10 Hz <: f ~ 
10 kHz 
0.003 
0.003 
% 


Ripple Rejection Ratio 
VOUT = lOV, f = 120 Hz 
60 
60 
d8 


CADJ = 10 IJF 
60 
75 
60 
75 
dB 


Long Term Stability 
TA:125°C 
0.3 
0.3 
% 


Thermal 
Resistance, 
Junction 
K Package 
1.0 
1.0 
°C/W 


to Case 


Note 
1: 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
-55°C 
:s. Tj ~ 
+1S0°C 
for 
the 
LM138, 
-2SoC 
$. Tj S +lS0°C 
for the 
LM238 
and 
O°C S Tj S +12SoC 
for 
the 
LM338. 
VIN 
- 
VOUT 
= SV and 
lOUT 
= 2.SA. 
Although 
power 
dissipation 
is internally 
limited, 
these 
specifications 


are applicable 
for power 
dissipations 
up to SOW. 


Note 
2: 
Regulation 
is measured 
at constant 
junction 
temperature. 
Changes 
in output 
voltage 
due 
to heating 
effects 
are 
taken 
into 
account 
sep- 


arately 
by thermal 
regulation. 


Note 
3: 
Selected 
devices 
with 
tightened 
tolerance 
reference 
voltage 
available. 
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Typical Performance Characteristics 
(Continued) 


Load 
Regulation 
Dropout 
Voltage 
Adjustment 
Current 
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TEMPERATURE reI 
TEMPERATURE reI 
TEMPERATURE 
rCI 
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Operating 


Temperature 
Stability 
Output 
Impedance 
Current 
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OUTPUT VOL TAGE IV) 
FREOUENCY (Hli 
OUTPUT CURRENT 
(AI 


Line Transient 
Response 
Load 
Transient 
Response 
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In 
operation, 
the 
LM138 
develops 
a nominal 
1.25V 
reference 
voltage, 
VREF, 
between 
the 
output 
and 


adjustment 
terminal. 
The 
reference 
voltage 
is impressed 
across 
program 
resistor 
R 1 and, 
since 
the voltage 
is con- 


stant, 
a 
constant 
current 
11 
then 
flows 
through 
the 
output 
set 
resistor 
R2, 
giving 
an 
output 
voltage 
of 


Since 
the 
50 IlA 
current 
from 
the 
adjustment 
terminal 


represents 
an 
error 
term, 
the 
LM 138 
was 
designed 
to 
minimize 
IADJ 
and 
make 
it 
very 
constant 
with 
line 
and 
load 
changes. 
To 
do 
this, 
all 
quiescent 
operating 


current 
is returned 
to 
the 
output 
establishing 
a mini- 
mum 
load 
current 
requirement. 
If there 
is insufficient 


load on the output, 
the output 
will rise. 


An 
input 
bypass 
capacitor 
is recommended. 
A 0.1 
IlF 


disc 
or 
1 IlF solid 
tantalum 
on the input 
is suitable 
input 


bypassing 
for 
almost 
all applications. 
The device 
is more 


sensitive 
to the 
absence 
of input 
bypassing 
when 
adjust- 
ment 
or output 
capacitors 
are used 
but 
the above 
values 


will eliminate 
the possibility 
of problems. 


The 
adjustment 
terminal 
can 
be bypassed 
to ground 
on 
the 
LM138 
to 
improve 
ripple 
rejection. 
This 
bypass 
capacitor 
prevents 
ripple 
from 
being 
amplified 
as the 


output 
voltage 
is increased. 
With 
a 10 IlF 
bypass 
capac- 
itor 
75 
dB 
ripple 
rejection 
is obtainable 
at any 
output 
level. 
Increases 
over 
20 IlF do not 
appreciably 
improve 
the 
ripple 
rejection 
at frequencies 
above 
120 
Hz. If the 
bypass 
capacitor 
is used, 
it is sometimes 
necessary 
to 
include 
protection 
diodes 
to 
prevent 
the 
capacitor 


from 
discharging 
through 
internal 
low 
current 
paths 
and damaging 
the device. 


In general, 
the 
best 
type 
of capacitors 
to use are solid 


tantalum. 
Solid 
tantalum 
capacitors 
have low impedance 


even 
at 
high 
frequencies. 
Depending 
upon 
capacitor 


construction, 
it takes 
about 
25 IlF 
in aluminum 
electro- 


lytic 
to 
equal 
1 IlF 
solid 
tantalum 
at high 
frequencies. 
Ceramic 
capacitors 
are 
also 
good 
at 
high 
frequencies, 
but 
some 
types 
have 
a large 
decrease 
in capacitance 
at 


frequencies 
around 
0.5 
MHz. 
For 
this 
reason, 
0.01 
IlF 


disc 
may 
seem 
to 
work 
better 
than 
a 0.1 
IlF 
disc 
as 
a bypass. 


Although 
the 
LM 138 is stable 
with 
no outout 
capacitors, 


like 
any 
feedback 
circuit, 
certain 
values 
of 
external 


capacitance 
can 
cause 
excessive 
ringing. 
This 
occurs 
with 
values 
between 
500 
pF 
and 
5000 
pF. 
A 
1 IlF 
solid 
tantalum 
(or 25 IlF aluminum 
electrolytic) 
on the 
output 
swamps 
this effect 
and insures 
stability. 


The 
LM138 
is capable 
of providing 
extremely 
good 
load 
regulation 
but 
a few 
precautions 
are 
needed 
to 
obtain 


maximum 
performance. 
The 
current 
set 
resistor 
con- 


nected 
between 
the 
adjustment 
terminal 
and the output 
terminal 
(usually 
24011) 
should 
be tied 
directly 
to the 
output 
of 
the 
regulator 
rather 
than 
near 
the 
load. 
This 


eliminates 
line drops 
from 
appearing 
effectively 
in series 
with 
the 
reference 
and 
degrading 
regulation. 
For 
exam- 


ple, 
a 15V 
regulator 
with 
0.0511 
resistance 
between 
the 
regulator 
and 
load 
will 
have 
a load 
regulation 
due 
to 
line 
resistance 
of 
0.0511 
x IL. If the 
set 
resistor 
is con- 


nected 
near 
the 
load 
the 
effective 
line 
resistance 
will be 


0.0511 
(1 
+ R2/Rll 
or 
in this 
case, 
11.5 
times 
worse. 


Figure 
2 shows 
the effect 
of resistance 
between 
the 
regu- 


lator 
and 24011 set resistor. 


FIGURE 
2. Regulator 
with 
Line 
Resistance 


in Output 
Lead 


With 
the 
TO-3 
package, 
it is easy 
to minimize 
the 
resis- 


tance 
from 
the 
case 
to 
the 
set resistor, 
by using 
2 sep- 


arate 
leads 
to the case. The ground 
of R2 can be returned 
near 
the 
ground 
of 
the 
load 
to provide 
remote 
ground 
sensing 
and 
improve 
load 
regulation. 


When 
external 
capacitors 
are used 
with any IC regulator 


it 
is sometimes 
necessary 
to 
add 
protection 
diodes 
to 
prevent 
the 
capacitors 
from 
discharging 
through 
low 
current 
points 
into 
the 
regulator. 
Most 
20 IlF capacitors 


have 
low 
enough 
internal 
series 
resistante 
to 
deliver 


20A 
spikes 
when 
shorted. 
Although 
the 
surge 
is short, 


there 
is 
enough 
energy 
to 
damage 
parts 
of 
the 
IC_ 


When 
an 
output 
capacitor 
is connected 
to 
a regulator 


and 
the 
input 
is 
shorted, 
the 
output 
capacitor 
will 


discharge 
into 
the output 
of the 
regulator. 
The 
discharge 
current 
depends 
on 
the 
value 
of 
the 
capacitor, 
the 
output 
voltage 
of the 
regulator, 
and the rate 
of decrease 
of 
VIN. 
In 
the 
LM138 
this 
discharge 
path 
is through 
a large 
junction 
that 
is able to sustain 
25A surge 
with 
no 


problem. 
This 
is not 
true 
of 
other 
types 
of 
positive 


regulators. 
t-or 
output 
capacitors 
of 
100 
J.lF 
or 
less 
at output 
of 15V or less, there 
is no need 
to use diodes. 


The 
bypass 
capacitor 
on 
the 
adjustment 
terminal 
can 
discharge 
through 
a 
low 
current 
junction. 
Discharge 
occurs 
when 
either 
the 
input 
or 
output 
is 
shorted. 
Internal 
to 
the 
LM138 
is a 50Q 
resistor 
which 
limits 


the 
peak 
discharge 
current. 
No 
protection 
is needed 
for 
output 
voltages 
of 
25V 
or 
less and 
10 J.lF 
capac- 


itance. 
Figure 
3 
shows 
an 
LM 138 
with 
protection 


diodes 
included 
for 
use 
with 
outputs 
greater 
than 
25V and high values 
of output 
capacitance. 


C2""J 


VOUT 
= 1.25V 
(1 + 
~) 
+ R21ADJ 


'R1 
= 240n 
for LM138 and LM238 
FI GU R E 3_ Regulator 
with 
Protection 
Diodes 


Precision 
Power 
Regulator 
with 
Low Temperature 
Coefficient 


Adjustable 
Regulator 
with 
ImproYed 
Ripple 
Rejection 


C1 
TO.' 


j.1F 


tSolid tantalum 


*Oischarges 
C1 if output 
is shorted to ground 


•• R 1 : 240n 
for LM 138 and LM238 
III 


Adjusting 
Multiple 
On-Card 
Regulators 


with 
Single 
Control" 


tMinimum load-10 mA 
* All 
outputs 
within 
!.100 
mV 


AV = 1, RF = 10k,CF 
= 100pF 


AV = 10, RF = lOOk, CF = 10 pF 
Bandwidth 
~ 100 kHz 


Distortion 
~ 0.1% 


* As-sets 
output 
impedance 
of charger ZOUT 
= RS (1 + 
:~) 


Use of RS allows low charging rates with 
fully 


charged battery. 


Order Number 
LM138K 
STEEL 
LM238K 
STE EL 
LM338K 
STEEL 
See NS Package K02A 


"Sets 
max 
charge 
current 
to 3A 


"The 
1000 /AF is recommended 
to filter 
out 


input transients 


Voltage Regulators 
~National 
~ 
Semiconductor 


LM140A/LM140/LM340A/LM340 
Series 
3-Terminal Positive Regulators 


The LM140A/LM140/LM340A/LM340 
series of positive 
3-terminal 
voltage 
regulators 
are designed to 
provide 
superior 
performance 
as compared 
to 
the 
previously 


available 
78XX 
series regulator. 
Computer 
programs 
were used to optimize 
the electrical and thermal perfor- 
mance of the packaged IC which 
results in outstanding 


ripple rejection, 
superior line and load regulation in high 


power applications 
(over 15WL 


With these advances in design, the LM340 is now guaran- 
teed to have line and load regulation 
that is a factor 
of 


2 
better 
than 
previously 
available 
devices. Also, 
all 


parameters are guaranteed at 1A vs O.5A output 
current. 


The 
LM 140A/LM340A 
provide 
tighter 
output 
voltage 
tolerance, 
±2% along with 
0.01%1V line regulation 
and 


0.3%/A load regulation. 


Current 
limiting 
is included to limit 
peak output 
current 


to 
a safe value. Safe area protection 
for 
the output 


transistor 
is provided to limit 
internal power dissipation. 


If internal 
power dissipation 
becomes too high for the 
heat 
sinking 
provided, 
the 
thermal 
shutdown 
circuit 


takes over limiting 
die temperature. 


Considerable effort was expended to make the LM 140·XX 
series of regulators eas'yto use and minimize the number 
of external components. 
It is not necessary to bypass the 
output, 
although 
this does improve 
transient 
response. 
Input 
bypassing is needed only if the regulator is located 


far from the filter capacitor of the power supply. 


Although 
designed primarily 
as fixed voltage regulators, 


these devices can be used with 
external components 
to 


obtain adjustable voltages and currents. 


The entire 
LM 140A/LM 140/LM340A/LM340 
series of 


regulators 
is available in the metal TO-3 power package 


and the LM340A/LM340 
series is also available in the 


TO-220 plastic power package. 


For 
output 
voltages other 
than 
5V, 
12V, 
and 
15V, 


the 
LM 117 
series provides 
an output 
voltage 
range 


from +1.2V to +57V. 


Features 
• 
Complete specifications 
at 1A load 


• 
Output 
voltage tolerances of ±2% at Tj = 25°C and 
±4% over the temperature 
range (LM140A/LM340A) 


• 
Fixed output 
voltages available 5, 12, and 15V 


• 
Line 
regulation 
of 0.01% of VOUTIV 
ilVIN 
at 1A 


load (LM 140A/LM340A) 


• 
Load 
regulation 
of 
0.3% 
of 
VOUT/A 
ill LOAD 


(LM 140A/LM340A) 


• 
Internal thermal overload protection 


• 
Internal short-circuit 
current limit 


• 
Output 
transistor safe area protection 


• 
100% thermal limit 
burn-in 


• 
Special 
circuitry 
allows 
start-up 
even if 
output 
is 


pulled to negative voltage (± supplies) 


RATED 
DESIGN 


DEVICE 
PACKAGE 
POWER 
LOAD 
DISSIPATION 
CURRENT 


LM140 
LM340 
TO-3 
20W 
1.5A 


LM340T 
TO-220 
15W 
1.5A 


LM341 
TO-202 
7.5W 
O.5A 


LM342 
TO-202 
7.5W 
O.25A 


LM140L 
LM340L 
TO-39 
2W 
O.lA 


LM340L 
TO-92 
1.2W 
O.lA 


*Required 
if the regulator is located far from 
the power supply filter 


** Although 
no output capacitor is needed for 
stability, 
it does help transient response. (If 
needed, use 0.1 J.l.F,ceramic disc) 


Cl 
TO'''"' 


VOUT 
= 5V + (5V/Rl 
+ 101 R2 


5V/Rl 
> 3 10. load ,egulation 
(L,I 
~ 


(IR 1 + R21/R 1J (L, of LM340-51 


V2-3 


IOUT= R1 + 
10 


dlQ 
= 1.3 mA over line and load changes 


Absolute Maximum Ratings 


Input Voltage (VO= 5V. 12V. 15V) 
35V 


Internal Power Dissipation (Note 1) 
Internally Limited 


Operating Temperature Range (TA) 


LM140A/LM140 
- 55·C to + 125·C 


LM340A/LM340 
O·C to + 70·C 


Maximum Junction Temperature 


(TO-3 Package K. KG) 
150·C 


(TO-220Package T) 
125·C 


Storage Temperature Range 
-55·Cto 
+150·C 


Lead Temperature (Soldering, 10 Seconds) 


TO-3 Package K. KC 
300·C 


TO-220 Package T 
230·C 


Electrical Characteristics LM140A/LM340A 
(Note 2) 


lOUT = 1A. - 55·C" 
Tj" 
+ 150·C (LM140A), or O·C" 
Tj "+ 
125·C (LM340A) unless otherwise specified. 


OUTPUT 
VOLTAGE 
5V 
12V 
15V 


INPUT 
VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Ti = 25°C 
49 
5 
5.1 
11.75 
12 
12.25 
14.7 
15 
15.3 
V 


Vo 
Output 
Voltage 
PD" 
15W. 5 mA" 
10" 
1A 
48 
5.2 
11.5 
12.5 
14.4 
15.6 
V 


VMIN" 
VIN " 
VMAX 
(7.5" 
VIN " 
20) 
(14.8" 
VIN " 
27) 
(17.9" 
VIN " 
30) 
V 


10=500 
mA 
10 
18 
22 
mV 


6VIN 
(7.5" 
VIN " 
20) 
(14.8" 
VIN " 
27) 
(17.9" 
VIN " 
30) 
V 


Tj = 25°C 
3 
10 
4 
18 
4 
22 
mV 


6VO 
Line Regulation 
6VIN 
(7.3" 
VIN " 
20) 
(14.5" 
VIN " 
27) 
(17.5" 
VIN " 
30) 
V 


Tj = 25°C 
4 
9 
10 
mV 


Over Temperature 
12 
30 
30 
mV 


6 VIN 
(8" 
VIN" 
12) 
(16" 
VIN " 
22) 
(20" 
VIN "26) 
V 


I 


5mA" 
10" 
1.5A 
10 
25 
12 
32 
12 
35 
mV 


6 Vo 
Load 
Regulation 
Tj = 25°C 
250 mA " 
10" 
750 mA 
15 
19 
21 
mV 


Over Temperature, 
5 mA" 
10" 
1A 
25 
60 
75 
mV 


Tj = 25°C 
6 
6 
6 
mA 
IQ 
Quiescent 
Current 
Over Temperature 
6.5 
6.5 
6.5 
mA 


5mA" 
10" 
1A 
0.5 
0.5 
0.5 
mA 


Tj =25°C, 
10 = 1A 
0.8 
0.8 
0.8 
mA 
Quiescent 
Current 


61Q 
Change 
VMIN" 
VIN " 
VMAX 
(7.5" 
VIN " 
20) 
(14.8" 
VIN " 
27) 
(17.9" 
VIN " 
30) 
V 


10=500 
mA 
0.8 
0.8 
0.8 
mA 


VMIN" 
VIN " 
VMAX 
(8" 
VIN'" 
25) 
(15" 
VIN " 
30) 
(17.9'" 
VIN " 
30) 
V 


VN 
Output 
Noise 
Voltage 
TA=25°C, 
10 Hz" 
1" 
100 kHz 
40 
75 
90 
~V 


Tj = 25°C, 
1= 120 Hz, 10 = 1A or 
68 
80 
61 
72 
60 
70 
dB 


f = 120 Hz, 10 = 500 mA, 
68 
61 
60 
dB 


6~~~T 
Ripple 
Rejection 
Over Temperature, 


VMIN" 
VIN " 
VMAX 
(8" 
VIN '" 18) 
(15" 
VIN '" 25) 
(18.5" 
VIN " 
28.5) 
V 


Dropout 
Voltage 
Tj=25°C,10=1A 
2.0 
2.0 
2.0 
V 


Output 
Resistance 
f = 1 kHz 
8 
18 
19 
mQ 


RO 
Short-Circuit 
Current 
Tj = 25°C 
2.1 
1.5 
1.2 
A 


Peak Output 
Current 
Tj = 25°C 
2.4 
2.4 
2.4 
A 


Average 
TC 01 Vo 
Min, Tj = DoC, 10 = 5mA 
-0.6 
-1.5 
-1.8 
mV/oC 


Input 
Voltage 


VIN 
Required 
to 
Tj = 25°C 
7.3 
14.5 
17.5 
v 
Maintain 
Line 


Regulation 


Note 
1: Thermal 
resistance 
of the TO·3 package 
(K, KG) is typically 
4 ° C/W junction 
to case and 35° C/W case to ambient. 
Thermal 
resistance 
of the To·220 
package 
(T) is typically 
4 °C/W 
junction 
to case 
and 
50 ° C/W 
case 
to ambient. 


Note 
2: All 
characteristics 
are measured 
with 
a capacitor 
across 
the 
input 
of 
0.22 ~F and 
a capacitor 
across 
the 
output 
01 0.1 ~F. All 
characteristics 
except 
noise 
voltage 
and ripple 
rejection 
ratio 
are measured 
using 
pulse 
techniques 
(tw" 
10 ms, duty 
cycle" 
5%). Output 
voltage 
changes 
due to changes 
in internal 
temperature 
must 
be taken 
into account 
separately. 
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I 
,v 
12V 
15V 


INPUT 
VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Tj; 
25'C, 
5 mA <; 10 <; 1A 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 
Vo 
Output 
Voltage 
5.25 
12.6 
14.25 
15.75 
V 
PD<; 
15W,5mA<; 
'0<; 
1A 
4.75 
11.4 


VMIN" 
V,N <; VMAX 
(8<; V,N <; 20) 
(15.5 <; V,N <; 27) 
(18.5" 
V,N " 
30) 
V 


Tj; 
25'C 
3 
50 
4 
120 
4 
150 
mV 


" 
V,N 
(7" 
V,N <; 25) 
(14.5 <; V,N <; 30) 
(17.5 <; V,N <; 30) 
V 


'0;500 
mA 
- 55'C 
<; Tj <; + 150'C 
50 
120 
150 
mV 


" 
V,N 
(8" 
V,N <; 20) 
(15 <; V,N <; 27) 
(18.5 <; VIN <; 30) 
V 


" 
Vo 
Line 
Regulation 
Tj; 
25'C 
50 
120 
150 
mV 


" 
V,N 
(7.3 <; V,N <; 20) 
(14.6 <; V,N <; 27) 
(17.7 <; V,N <; 30) 
V 
'0" 
1A 
-55'C 
<; Tj <; + 150'C 
25 
60 
75 
mV 


" 
V'N 
(8 <; V,N <; 12) 
(16 <; V,N <; 22) 
(20 <; V,N <; 26) 
V 


Tj ;25'C 
5mA<; 
'0<; 
1.5A 
10 
50 
12 
120 
12 
150 
mV 


250 mA <; Ip <; 750 mA 
25 
60 
75 
mV 
" 
Vo 
Load 
Regulation 


- 55'C" 
Tj <; 
+150'C,5mA" 
'0<; 
1A 
50 
120 
150 
mV 


IQ 
Quiescent Current 
'0" 
1A 
Tj ;25'C 
6 
6 
6 
mA 
- 55'C 
<; Tj <; + 150'C 
7 
7 
7 
mA 


5 mA <; '0" 
1A 
0.5 
0.5 
0.5 
mA 


Quiescent Current 
Tj;25'C, 
'0" 
1A 
08 
0.8 
0.8 
mA 
"'a 
Change 
VMIN 
<; V,N <; VMAX 
(8 <; V,N <; 20) 
(15 <; V,N <; 27) 
(18.5" 
V,N <; 30 
V 


'0<;500mA, 
-55'C<;Tj<; 
+ 150'C 
08 
0.8 
0.8 
mA 
VMIN 
<; V,N <; VMAX 
(8<; V,N <; 25) 
(15<; 
V,N <; 30) 
(18.5 <; VIN <; 30) 
V 


VN 
Output 
Noise 
Voltage 
TA ; 25 'C, 
10Hz 
<; f" 
100 kHz 
40 
75 
90 
~V 


{'O 
<; 1A, Tj ;25'C 
or 
68 
80 
61 
72 
60 
70 
dB 


"t6~T 
Ripple 
Rejection 
f;120 
Hz 
10 <; 500 mA, 
68 
61 
60 
dB 


-55'<; 
Tj" 
+150'C 
VMIN 
<; V,N <; VMAX 
(8 <; V,N <; 18) 
(15 <; V,N <; 25) 
(18.5 <; V,N <; 28.5) 
V 


Dropout 
Voltage 
Tj;25'C,IOUT;1A 
2.0 
2.0 
2.0 
V 
Output 
Resistance 
f; 
1 kHz 
8 
18 
19 
mQ 


RO 
Short·Circuit 
Current 
Tj; 
25'C 
2.1 
1.5 
1.2 
A 
Peak Output 
Current 
Tj; 
25'C 
2.4 
2.4 
2.4 
A 
Average 
TC of VOUT 
O'C" 
Tj <; + 150'C, 
'0; 
5 mA 
-0.6 
-1.5 
-1.8 
mV/'C 


In put Voltage 


V,N 
Required 
to Maintain 
Tj; 
25'C, 
10 <; 1A 
7.3 
14.6 
17.7 
V 
Line 
Regulation 


Note 
2: All 
characteristics 
are measured 
with 
a capacitor 
across 
the 
input 
of 
0.22 ~F and 
a capacitor 
across 
the 
output 
of 0.1 ~F. All 
characteristics 
except 
noise 
voltage 
and ripple 
rejection 
ratio 
are measured 
using 
pulse 
techniques 
(tw.:s;;; 
10 ms, duty 
cycle 
~ 5%). Output 
voltage changes due to changes in internal temperature 
must be taken into account separately. 


Electrical Characteristics LM340 
(Note 2) O·C'" Tj'" 
+ 125'C unless otherwise noted. 


OUTPUT VOLTAGE 
5V 
12V 
15V 


INPUT VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Tj;25'C,5mA" 
10" 
1A 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


Vo 
Output 
Voltage 
PO" 
15W,5mA" 
10" 
1A 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


VMIN" 
VIN " 
VMAX 
(7" 
VIN " 
20) 
(14.5" 
VIN " 
27) 
(17.5" 
VIN" 
30) 
V 


Tj; 
25'C 
3 
50 
4 
120 
4 
150 
mV 


LlVIN 
(7" 
VIN " 
25) 
(14.5" 
VIN " 
30) 
(175" 
VIN " 
30) 
V 


10;500 
mA 
O'C" 
Tj" 
+ 125'C 
50 
120 
150 
mV 


LlVIN 
(8" 
VIN " 
20) 
(15" 
VIN " 
27) 
(18.5" 
VIN " 
30) 
V 
LlVO 
Une 
Regulation 
Tj; 
25'C 
50 
120 
150 
mV 


LlVIN 
(7.3" 
VIN " 
20) 
(14.6" 
VIN " 
27) 
(17.7" 
VIN" 
30) 
V 


10" 
1A 
O'C" 
Tj" 
+ 125'C 
25 
60 
75 
mV 


LlVIN 
(8" 
VIN" 
12) 
(16" 
VIN " 
22) 
(20" 
VIN " 
26) 
V 


Tj; 
25'C 
5 mA" 
10" 
1.5 A 
10 
50 
12 
120 
12 
150 
mV 


LlVO 
Load Regulation 
250 mA" 
10" 
750 mA 
25 
60 
75 
mV 


5mA" 
10" 
1A.0·C" 
Tj"+125'C 
50 
120 
150 
mV 


10 
Quiescent 
Current 
10" 
1A 
Tj; 
25'C 
8 
8 
8 
mA 


O'C" 
Tj" 
+125'C 
8.5 
8.5 
8.5 
mA 


5 mA" 
10" 
1A 
05 
05 
0.5 
mA 


Quiescent 
Current 
Tj; 
25'C, 
10" 
1A 
1.0 
1.0 
1.0 
mA 


LIla 
Change 
VMIN" 
VIN " 
VMAX 
(7.5" 
VIN " 
20) 
(14.8" 
VIN " 
27) 
(17.9" 
VIN" 
30) 
V 


10" 
500 mA, O'C" 
Tj" 
+125'C 
1.0 
1.0 
1.0 
mA 


VMIN" 
VIN " 
VMAX 
(7" 
VIN " 
25) 
(14.5" 
VIN " 
30) 
(17.5" 
VIN " 
30) 
V 


VN 
Output 
Noise 
Voltage 
TA;25'C, 
10 Hz" 
f" 
100 kHz 
40 
75 
90 
~V 


{ 
10" 
1A. Tj;25'Cor 
62 
80 
55 
72 
54 
70 
dB 


LI~IN 
Ripple 
Rejection 
f;120 
Hz 
10" 
500 mA, 
62 
55 
54 
dB 


LI 
OUT 
O'C"Tj" 
+125'C 


VMIN" 
VIN " 
VMAX 
(8" 
VIN" 
18) 
(15" 
VIN"" 
25) 
(18.5" 
VIN " 
28.5) 
V 


Dropout 
Voltage 
Tj; 
25'C, 
lOUT; 
1A 
2.0 
2.0 
2.0 
V 


Output 
Resistance 
f; 1 kHz 
8 
18 
19 
mQ 


RO 
Short·Circuit 
Current 
Tj; 
25'C 
2.1 
1.5 
1.2 
A 


Peak Output 
Current 
Tj; 
25'C 
2.4 
2.4 
2.4 
A 


Average 
TC of VOUT 
O'C" 
Tj" 
+125'C, 
10; 
5 mA 
-0.6 
-1.5 
-1.8 
mV"C 


Input 
Voltage 


VIN 
Required 
to Maintain 
Tj; 
25'C, 
10" 
1A 
7.3 
14.6 
17.7 
V 


Line Regulation 


Note 
2: All 
characteristics 
are measured 
with 
a capacitor 
across 
the 
input 
of 0.22 ,...F and a capacitor 
across 
the output 
of 0.1 J.lF. 
All 


characteristics 
except 
noise 
voltage 
and ripple 
rejection 
ratio 
are measured 
using 
pulse 
techniques 
(tw ~ 10 ms, duty 
cycle" 
5%). Output 
voltage 
changes 
due to changes 
in internal 
temperature 
must 
be taken 
into 
account 
separately. 
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JUNCTION TEMPERATURE 
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Output 
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The 
LM340 
is designed 
with 
thermal 
protection, 
output 


short-circuit 
protection 
and 
output 
transistor 
safe 
area 
protection. 
However, 
as with any Ie regulator, 
it becomes 
necessary 
to take 
precautions 
to assure 
that 
the regulator 
is not 
inadvertently 
damaged. 
The 
following 
describes 
possible 
misapplications 
and methods 
to prevent 
damage 
to the 
regulator. 


Shorting 
the 
Regulator 
Input: 
When 
using 
large 
capaci- 


tors 
at the output 
of these 
regulators, 
a protection 
diode 


connected 
input 
to output 
(Figure 1) may be required 
if 
the 
input 
is shorted 
to ground. 
Without 
the 
protection 
diode, 
an 
input 
short 
will 
cause 
the 
input 
to 
rapidly 


approach 
ground 
potential, 
while 
the 
output 
remains 


near 
the 
initial 
VOUT 
because 
of 
the 
stored 
charge 
in 
the 
large 
output 
capacitor. 
The 
capacitor 
will 
then 
discharge 
through 
a 
large 
internal 
input 
to 
output 


diode 
and 
parasitic 
transistors. 
If the 
energy 
released 
by the 
capacitor 
is large 
enough, 
this diode, 
low current 
metal 
and 
the 
regulator 
will 
be 
destroyed. 
The 
fast 
diode 
in Figure 
1 will 
shunt 
most 
of 
the 
capacitor's 


discharge 
current 
around 
the 
regulator. 
Generally 
no 
protection 
diode 
is required 
for values 
of output 
capac- 
itance';; 
10IlF. 


Raising 
the 
Output 
Voltage 
above 
the 
Input 
Voltage: 
Since 
the 
output 
of 
the 
LM340 
does 
not 
sink 
current, 


forcing 
the 
output 
high 
can 
cause 
damage 
to 
internal 
low 
current 
paths 
in 
a 
manner 
similar 
to 
that 
just 
described 
in the 
"Shorting 
the 
Regulator 
Input" 
section. 


Regulator 
Floating 
Ground 
(Figure 2): 
When 
the ground 
pin 
alone 
becomes 
disconnected, 
the 
output 
approaches 
the 
unregulated 
input, 
causing 
possible 
damage 
to other 


circuits 
connected 
to 
VOUT. 
If ground 
is reconnected 
with 
power 
"ON", 
damage 
may also occur 
to the 
regula· 
tor. 
This 
fault 
is most 
likely 
to occur 
when 
plugging 
in 


regulators 
or 
modules 
with 
on 
card 
regulators 
into 
powered 
up 
sockets. 
Power 
should 
be turned 
off 
first, 


thermal 
limit 
ceases 
operating, 
or 
ground 
should 
be 
connected 
first 
if power 
must 
be left on. 


Transient 
Voltages: 
If transients 
exceed 
the 
maximum 


rated 
input 
voltage 
of the 
340, 
or reach 
more 
than 
0.8V 
below 
ground 
and 
have 
sufficient 
energy, 
they 
will 


damage 
the 
regulator. 
The 
solution 
is to 
use 
a 
large 
input 
capacitor, 
a series 
input 
breakdown 
diode, 
a choke, 


a transient 
suppressor 
or a combination 
of these. 
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FIGURE 
1. Input Short 
FIGURE 
2. Regulator Floating Ground 
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Voltage Regulators 
~National 
~ 
Semiconductor 
LM140ULM340L Series 3-Terminal Positive Regulators 
General Description 


The 
LM 140L 
series 
of three 
terminal 
positive 
regulators 
is available 
with 
several 
fixed 
output 
voltages 
making 


them 
useful 
in 
a 
wide 
range 
of 
applications. 
The 


LM 140LA 
is 
an 
improved 
version 
of 
the 
LM78LXX 
series 
with 
a tighter 
output 
voltage 
tolerance 
(specified 


over 
the 
full 
military 
temperature 
rangel, 
higher 
ripple 


rejection, 
better 
regulation 
and 
lower 
quiescent 
current. 


The 
LM 140LA 
regulators 
have ±2% VOUT 
specification, 
0.04%/V 
line regulation, 
and O.Ol%/mA 
load regulation. 
When 
used 
as a zener 
diode/resistor 
combination 
replace- 
ment, 
the LM 140LA 
usually 
results 
in an effective 
output 


impedance 
improvement 
of 
two 
orders 
of 
magnitude, 


and 
lower 
quiescent 
current. 
These 
regulators 
can 


provide 
local on card 
regulation, 
eliminating 
the distribu- 
tion 
problems 
associated 
with 
single 
point 
regulation. 
The 
voltages 
available 
allow 
the 
LM140LA 
to be used 
in 


logic 
systems, 
instrumentation, 
Hi-Fi, 
and 
other 
solid 


state 
electronic 
equipment. 
Although 
designed 
primarily 


as 
fixed 
voltage 
regulators, 
these 
devices 
can 
be used 


with 
external 
components 
to obtain 
adjustable 
voltages 


and 
currents. 


The 
LM140LA/LM340LA 
are 
available 
in the 
low pro- 


file 
metal 
three 
lead 
TO-39 
(H) and the 
LM340LA 
are 
also 
available 
in 
the 
plastic 
TO-92 
(Z). 
With 
adequate 
heat 
sinking 
the 
regulator 
can 
deliver 
100 
mA 
output 


current. 
Current 
limiting 
is included 
to 
limit 
the 
peak 


output 
current 
to a safe value. 
Safe 
area 
protection 
for 


the 
output 
transistor 
is provided 
to limit 
internal 
power 


dissipation. 
If 
internal 
power 
dissipation 
becomes 
too 


high 
for 
the 
heat 
sinking 
provided, 
the 
thermal 
shut- 


down 
circuit 
takes 
over, 
preventing 
the 
IC from 
over- 


heating. 


For 
applications 
requiring 
other 
voltages, 
see 
LMl17 


Data 
Sheet. 


• 
Line 
regulation 
of 0.04%/V 


• 
Load 
regulation 
of 0.01 %/mA 


• 
Output 
voltage 
tolerances 
of 
±2% at TJ 
= 25°C 
and 
±4% over the temperature 
range 
(LM140LA) 


±3% over 
the temperature 
range 
(LM340LA) 


• 
Output 
current 
of 
100 
mA 


• 
Internal 
thermal 
overload 
protection 


• 
Output 
transistor 
safe 
area 
protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Available 
in 
metal 
TO-39 
low 
profile 
package 


(LM140LA/LM340LA) 
and 
plastic 
TO-92 
(LM340LA) 


LM140LA-5.0 
LM140LA-12 
LM140LA-15 


LM340LA-5.0 
LM340LA·12 
LM340LA-15 


LM140LAH·5.0 
LM140LAH·12 
LM140LAH·15 


LM340LAH·5.0 
LM340LAH·12 
LM340LAH·15 


'""~'"' 
C~:~ 


Order Number: 
LM340LAZ-5.0 
LM340LAZ·12 
LM340LAZ-15 
See Package 
Z03A 


5.0V, 12V, 15V Output Voltage Options 
35V 


Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range 


LM140LA 
- 55'C to + 125'C 


LM340LA 
O'Cto 70'C 


Maximum Junction Temperature 
+ 150'C 


Storage Temperature Range 


Metal Can (H package) 
-65'C 
to + 150'C 


Molded TO·92 
-55'to 
+150'C 


Lead Temperature (Soldering, 10 seconds) 
+300'C 


Electrical 
Characteristics 
(Note 2) 


Test conditions 
unless otherwise specified 
TA = - 55'C to + 125'C (LM140LA) 
TA = 0 'C to + 70'C (LM340LA) 
10=40 mA 
CIN = 0.33f'F, Co = 0.01f'F 


OUTPUT VOLTAGE 
OPTION 
5.0V 
12V 
15V 


INPUT VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
Tj; 
25'C 
4.9 
5 
5.1 
11.75 
12 
12.25 
14.7 
15 
15.3 


Output 
Voltage 
LM140LA 
10;1-100 
mA 
4.8 
5.2 
11.5 
12.5 
14.4 
15.6 
Over Temp. 
LM240LA 
10 ; 1- 40 mA and 
(7.2-20) 
(14.5-27) 
(17.6-30) 
V 


(Note 
4) 
VIN;( 
)V 


10;1-100mAor 
4.85 
5.15 
11.65 
12.35 
14.55 
15.45 


LM340LA 
10; 
1-40 
mA and 
(7-20) 
(143-27) 
(17.5-30) 
VIN;( 
IV 


"VO 
Line Regulation 
10 ;40 
mA 
18 
30 
30 
65 
37 
70 


Tj; 
25'C 
VIN;( 
) V 
(7-25) 
(14.2-30) 
(17.3-30) 


10;100mA 
18 
30 
30 
65 
37 
70 
mV 


VIN;( 
)V 
(7.5-25) 
(14.5-30) 
(17.5-30) 


Load 
Regulation 
Tj; 
25'C 
10; 
1-40 
mA 
5 
20 
10 
40 
12 
50 


10; 
1-100 
mA 
20 
40 
30 
80 
35 
100 


Long Term 
12 
24 
30 
mV 
Stabliity 
1000 hrs 


10 
Quiescent 
Tj; 
25'C 
3 
4.5 
3 
4.5 
3.1 
4.5 
mA 
Current 
Tj; 
125'C 
4.2 
4.2 
4.2 


"IQ 
Quiescent 
lILoad 
10; 
1-40mA 
0.1 
0.1 
0.1 


Current 
Change 
Tj; 
25'C 
aline 
0.5 
0.5 
0.5 
mA 


VIN;( 
) V 
(7.5- 25) 
(14.3-30) 
(17.5-30) 


VN 
Output 
Noise 
Tj ; 25'C 
(Note 
3) 


40 
80 
90 
~V 
Voltage 
f; 10 Hz-10 
kHz 


lIVIN 
Ripple 
Rejection 
55 
62 
47 
54 
45 
52 
f;120Hz,VIN;( 
)V 
dB 


lIVOUT 
(7.5-18) 
(14.5-25) 
(17.5-28.5) 


Input 
Voltage 
Required 
to 
Tj; 
25'C, 
10; 
40 mA 
7 
14.2 
17.3 
V 
Maintain 
Line 
Regulation 


Note 1: Thermal 
resistance 
of the Metal 
Can Package 
(H) without 
a heat sink is 40'CIW 
junction 
to case and 140'CIW 
junction 
to ambient. 


Thermal 
resistance 
of the 
TO-92 package 
is 180'CIW 
junction 
to ambient 
with 
0.4 inch 
leads 
from 
PC board 
and 
180'CIW 
junction 
to 
ambient 
with 
0.125 inch 
iead length 
to a PC board. 


Note 2: The maximum 
steady 
state 
usable 
output 
current 
and input 
voltage 
are very dependent 
on the heat sinking 
and lor 
lead length 
of the 
package. 
The data 
above 
represent 
pulse 
test 
conditions 
with junction 
temperatures 
as indicated 
at the 
initiation 
of tests. 


Note 3: It is recommended 
that 
a minimum 
load capacitor 
of 0.01~F be used to limit 
the high frequency 
noise 
bandwidth. 


Note 4: The temperature 
coefficient 
of VOUT is typically 
within 
0.01 % VO'·C. 


VI 
Maximum 
Average Power 
Maximum 
Average Power Dissipation 
Maximum 
Average 
Power 


...I 
Dissipation 
(Metal 
Can Package) 
Dissipation 
(Plastic Package) 


10 
10 
10 
0 
lM140lAH 
lM340lAH 
lM340lAZ 
~ 
5.0 
5.0 
klNFINITE 
HEAT SINK = == 


5.0 


M 


INFINITE 
HEAT SINK 
~ 
~ 
~ 
0.125" 
LEAD 
lENGTH 
:E 
-+-- 
z 
1 - 


z 
z 
c 
FROM 
PC 
BOARD 
c 
2.0 


r-+--~~t"- 


c 
i= 
...I 
i= 
i= 
-"7-- 
:. 
WITH 
12"C!N 
HEAT 
SIN,K 
:. 
:. 
- 
~ 


1.0 
Bl 
1.0 
Bl 
1.0 


...I 
NO HEATSINK 
0; 


0; 


WITH 30'CIW 
HEAT SINK_""- 
~ 
0; 


'" 
0 
'" 
0.5 
'" 
0.5 ~ 
WITH 
30"'CIW 
HEAT 
SINK = 
~ 


0.5 
0.4" 
lEAD 
LENGTH 
~ 
~ 


I 
~ 


FROM 
PC 
BOARD 
I 


I 
NOHEATSINK-~ 
I 
1 
I 
FREE 
AIR 
0.125" lEAD lENGTH 
,.. 
0.2 
FADM PC SOARD 


:E 
FREE 
AIR 
0.1 
0.1 
0.1 
...I 
-T5 
-50 
-25 
0 
25 
50 
15 
100 
125 
0 
15 
30 
45 
60 
15 
0 
15 
30 
45 
60 
15 


AMBIENT 
TEMPERATURE 
r Cl 
AMBIENT 
TEMPERATURE 
C"C) 
AMBIENT 
TEMPERATURE 
( C) 


Peak Output 
Current 
Dropout Voltage 
Output 
Impedance 


400 


Ti:: ~55"C 


2.5 


1 
I 


10 


.iVOUT:: 100 mV 
lM140A 
VIN" 
lOV 
- 
~ 
Iff 
5.0 
VOUT 
"SV 


« 
.. 
2.0 
- 
•••• 
-!.OUT·'00mA--i:;;;- 
S 
lOUT:: 
40 mA 
r' 
300 
~ 
Tj" 25"C 
......... 


~ 
~ 
u 
T. 
·25·C 
CO,~~ 
.... 
z 
z 
1.5 
COUT" 
llJF 
TANTAlUM' 
~ 
I 
.....•.•.• 1""'-- 
'OUT'lmA 
1 ~ 
'>'1-.. 
~ 
'"'" 
200 
0; 
1.0 
" 
Tj" 150"t 
...••..• 
.... 
H-+ 
I 
/ 


i'-..... 
!!! 
u.... 
" 


1.0 
lor·~omA 
.... 
~ 
" 
If 
"""- 
•... 
~ 
0.5 
~ 
" 
~ 
•... 
.... 
1 
" 
100 
0 
DROPOUT 
CONDITIONS 
" 
c 
~ 
0.5 
c 
/1 
I 
~VOUT" 
100 mV 
!E 
I 
I 
I 
I 


0 
0 
0.1 


0 
5 
10 
15 
20 
25 
30 
-75 -50 -25 
0 
25 
50 
15 
100 
125 
10 
100 
1k 
10k 
100' 
1M 


INPUT·QUTPUT 
DIFFERENTIAL 
IV) 
JUNCTION 
TEMPERATURE 
("C) 
FREQUENCY 
1Hz) 


Ripple 
Rejection 
Quiescent 
Current 
Ouiescent Current 


100 
4.0 
3.4 


3.8 
3.3 
lM140lA-5.0 


80 
« 
« 


VIN "lOV 


3.6 
3.2 
I':" 


IL =40mA 
- 
~ 
~ 
- 
.... 
3.4 
•... 
3.1 
z 
"'- 
c 
15 
z 
i 


60 


~ 


3.2 
'" 


3.0 
I"'-. 
'" 
~ 


3.0 
" 
2.9 
u 
.•....... 


40 


.... 


2.8 


.... 


2.8 
z 
I 
g 
...•••. 
~ 


V1N" 
lOV 
U 
2.6 
2.1 
~ 
II 
'" 
<r 
20 
VOUT 
'" SV 
:; 
2.4 
VOUT" 
5V 
~ 
2.6 


lOUT" 40 mA 
c 
lOUT -40 
mA 


TA ~?5°C 
2.2 
TJ =2~oC 
2.5 


0 
2.0 
2.4 
10 
100 
1k 
10k 
lOOIe 
5 
10 
15 
20 
25 
30 
-75 
-50 
-25 
0 
25 
50 
15 
100 
125 


FREQUENCV 
(Hz) 
INPUT VOLTAGE 
IVI 
JUNCTION 
TEMPERATURE 
( Cl 


I 
1 
• 
lM140lA-SD 
I 
ICI loll 
T 


Ol3F 


C10 


O.llilfT 


,.1"o:UTPUT 


T~·OM 


Voltage Regulators 
~National 
~ 
Semiconductor 


LM145/LM345 Negative Three Amp Regulator 


General 
Description 


The LM145 is a three·terminal 
negative regulator with a 


fixed output voltage of -5V 
or -5.2V, 
and up to 3A load 


current 
capability. 
This device needs only one external 


component-a 
compensation 
capacitor 
at the output, 
making it easy to apply. Worst caseguarantees on output 
voltage deviation 
due to any combination 
of line, load 


or 
temperature 
variation 
assure 
satisfactory 
system 


operation. 


Exceptional 
effort 
has been made to make the LM145 


immune to overload conditions. 
The regulator has cur· 
rent 
limiting 
which 
is 
independent 
of 
temperature, 


combined 
with 
thermal 
overload 
protection. 
Internal 


current limiting 
protects against momentary faults while 


thermal shutdown 
prevents junction 
temperatures from 


exceeding safe limits during prolonged overloads. 


Although 
primarily 
intended 
for 
fixed 
output 
voltage 


applications, the LM 145 may be programmed for higher 


Connection 
Diagram 


Metal 
Can Package 


BOTTOM 
VIEW 


Order Number LM145K·5.0, 
LM345K·5.0, 
LM145K·5.2, 
or LM345K·5.2 
See NS Package K02A 


output 
voltages with a simple resistive divider. The low 


quiescent drain current 
of the device allows this tech- 


nique to be used with 
good regulation_ 


The LM145 comes in a hermetic TO·3 package rated at 
25W_ A reduced temperature range part LM345 is also 
available. 


• 
Output 
voltage accurate to better than ±2% 


• 
Current limit 
constant with 
temperature 


• 
Internal thermal shutdown 
protection 


• 
Operateswith input-output 
voltage differential 
of 2.8V 
at full rated load over full temperature range 


• 
Regulation 
guaranteed with 
25W power dissipation 


• 
3A output 
current 
guaranteed 


• 
Only one external component 
needed 


• 
100% electrical burn-in 


VOU1 


OJ 
61V 


AlO 
10k 


R15 
005 


'Requ"ed 
101 nlb,"'Y. 
For 
vllue 
glvto. 
ClpUltOI 
musl 
be solid 
unUlum. 
50•.F 
.IUmll111m eleclrolVt,c 
may be substl'uted. 
Value~ 
given may be ,nCfnsed 
With 


oullimtt 


"Reqlured 
,1 "gulll01 IS ~p.lilled 
horn I,he' t.pilClIOl. 
For VII lie given, 


Up.lCIIOr 
musl 
be solid 
llnlllum. 
5D•• F alummum 
tleclrolYl'C 
mily 
be 


subn'luled 


Input Voltage 
Input-Output 
Differential 
Power Dissipation 
Operating Junction 
Temperature 
Range 


LM145 
LM345 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 10 seconds) 


20V 
20V 


Internally 
Limited 


-55°C 
to +150°C 


O°C to +125°C 


-£5°C 
to +150°C 


300°C 


LM145 


TYP 


Output Voltage 
5.0V 
5.2V 


T, = 25°C, lOUT = 5 mA, 
V'N 
= -7.5 


LM345 


TYP 


Note 1: Unless otherwise 
specified, 
these specifications 
apply: -55°C" 
Tj" +150°C 
for the LM145 and O°C'( T'" +125°C 
for the LM345. VIN = 7.5V and 
lOUT = SmA. Although power dissipation 
is internally limited, electrical 
specifications 
apply only for power levels up to 25W. For calculations 
of junction 
temperature 
rise due to power dissipation, 
use a thermal resistance of 35°CIW for the TO-3 with no heat sink. With a heat sink, use 2°CfW for junction to case 
thermal resistance. 


Note 
2: Regulation 
is measured at constant 
junction 
temperature. 
Changes in output 
voltage due to heating effects 
must be taken 
into account 
separately. 
To ensure constant junction 
temperature, 
pulse testing with a low duty cycle is used. 


T, = 25°C 
-20V ~ V'N ~ -7.5V 


T, = 25 C. V'N 
7.5V 
5 mA S lOUTS 3A 


20V S V'N S 
7.8V 


5 mA ~ lOUT~ 3A 


P ~ 
25W 


TMIN~TJ~TMAX 


4.80 
5.25 
4.75 


-500 
-5.45 
-4.95 


1.0 
3.0 
1.0 
3.0 


4 
55 
4 
55 
2 
3.5 
2 
3.5 


150 
150 


5 
50 
5 
50 


2 
2 


Output Voltage 


5.0V 
5.2V 


-20V ~ V,N ~ -7.5V 
5 mA ~ lOUT~ 3A 


V'N = -7.5V, T, = +25°C 
V'N = -20V, T, = +25°C 


TA = 25°C, CL = 4.71'F 
10 Hz~f~ 
100 kHz 


Long Term 
Stability 


Thermal 
Resistance 


Junction 
to Case 


Typical Performance Characteristics 


Maximum 
Average 
Power 
Maximum Average Power 


Dissipation for LM145, 
Dissipation for LM345 
Ripple 
Rejection 


40 
40 
100 


VIN 
- 
VOUT 
~ ~V 
in 


'WAIlHIHD HElIoTS'~U 
~::~l~~'ltoT- 
1," 
25°C 
•... 
~ 
"' 


COUT s4.7$JF 
'" 
~ 
80 
•... 


30 
~ 
30 
'" 
, 
SOLID 
TANTALUM 
~ 
INFIIlIITE 
Z 
Z 


Z 
HUT 
0 


INflHlll - 
0 
~ .•...... ·.DI" 
·.n ,Nil 


'" 


qT" 
""" 
411' 
\F 


At 


~ 


0 
1 


SlIIK 
" 
~ 
:.: 
60 
20 
'\. 


20, 
.•...... " 
'\. 
'\. 
'''0 Tn ~ 
"'- 
~ 
~ 
.511 
0 
0 
-....r--... ~ 
~ 
~ 


••• 
I l~' ~ 
~ 
'\ 
~ 


~ 


10 
~UI 


.0 
'0 
ii' 


~ 
.'" 
u I-- ::::::-.:~ 
~ 
t-- ~ 
~ 
•...' 
'-- 
--.;;::: 
.M' 
I 


0 


·W.I((fIHD 
HUT SuriU 
0 
.,........, 


20 


25 
50 
75 
100 
125 
25 
50 
75 
100 
125 
100 
1k 
'Ok 
lOOk 
1M 
10M 


TA- 
AMBIENT 
TEMPERATURE 
(Cl 
TA 
- 
AMBIENT 
TEMPERATURE 
(OCI 
I - 
FREQUENCY 
(Hz) 


Minimum 
Input-Output 
Output 
Voltage 
vs 
Output 
Impedance 
Voltage Differential 
Temperature 


10 
2.' -·I.ll~ 


-5.4 


~ 
lOUT" 
100 mA 
2.2 - 
-5.3 
i 


= VIN= 
IOV 
2.0 
~ 
•• 
--+ 
T :.150 
C 
-/- 
-5.2 
~ 
1,;25 
C 


1/ 
1 
1., = :~ 
't f~= 


~ 
1 


~ 
~~~~O"T~~:AlUM 


•... 
-5.1 
0 
~ 


Z 
~ 
1.6 
~ 


-5.0 


'" 
1.. 
f"+ 
~ 


-4.9 
0 
0 
~ 


0 


TI"-55C 
~ 
. 
I 


THERMAL 


1 
I 
> 
1.2 
•... -4.8 
SHUTDOWN 
, 
~ 
•... 
01 
z 
1.0 
T1:25C 
_ 
•... 
-4.7 
I~ 
~ 
,; 
~ 
•... 
""T 
·o.j.l-JL~ 
0 
~ 
0.8 
-4.6 
I I 
0 
r'1 h I 
I 
I 
0.6 
1 


-4.4 
I I 


0.01 
0.' 
-4.2 


'0 
100 
1k 
10k 
lOOk 
1M 
10M 
1 
2 
3 
-50 
0 
50 
100 
150 


1- 
FREQUENCY (Hz) 
OUTPUT 
CURRENT 
(AMPS) 
T - 
TEMPERATURF 
( C) 


Typical Applications 
(Continued) 
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~National 
~ 
Semiconductor 


LM150/LM250/LM350 
3 Amp Adjustable Power Regulators 


General 
Description 


The 
LM 150/LM250/LM350 
are 
adjustable 
3·terminal 


positive 
voltage 
regulators 
capable 
of supplying 
in excess 
of 
3A 
over 
a 
1.2V 
to 
33V 
output 
range. 
They 
are 
exceptionally 
easy 
to 
use 
and 
require 
only 
2 external 
resistors 
to 
set 
the 
output 
voltage. 
Further, 
both 
line 


and 
load 
regulation 
are 
comparable 
to discrete 
designs. 
Also, 
the 
LM 150 
is 
packaged 
in 
standard 
transistor 


packages 
which 
are easily 
mounted 
and handled. 


In addition 
to higher 
performance 
than 
fixed 
regulators, 


the 
LM 150 series 
offers 
full overload 
protection 
available 
only 
in 
IC's. 
Included 
on 
the 
chip 
are 
current 
limit, 
thermal 
overload 
protection 
and 
safe 
area 
protection. 
All overload 
protection 
circuitry 
remains 
fully 
functional 


even 
if the 
adjustment 
terminal 
is accidentally 
discon· 


nected. 


• 
Adjustable 
output 
down 
to 1 2V 


• 
Guaranteed 
3A output 
current 


• 
Line regulation 
typically 
0.005%/V 


• 
Load 
regulation 
typically 
0.1 % 


• 
Guaranteed 
thermal 
regulation 


• 
Current 
limit 
constant 
with 
temperature 


• 
100% 
electrical 
burn·in 
in thermal 
limit 


• 
Eliminates 
the need 
to stock 
many 
voltages 


• 
Standard 
3·lead 
transistor 
package 


• 
86 dB ripple 
rejection 


Normally, 
no 
capacitors 
are needed 
unless 
the 
device 
is 


situated 
far 
from 
the 
input 
filter 
capacitors 
in which 
case 
an 
input 
bypass 
is needed. 
An 
optional 
output 


capacitor 
can 
be added 
to 
improve 
transient 
response. 


The 
adjustment 
terminal 
can 
be 
bypassed 
to 
achieve 


very 
high 
ripple 
rejections 
ratios 
which 
are 
difficult 


to achieve 
with 
standard 
3·terminal 
regulators. 


Besides 
replacing 
fixed 
regulators 
or 
discrete 
designs, 


the 
LM150 
is useful 
in a wide 
variety 
of other 
applica· 


tions. 
Since 
the 
regulator 
is "floating" 
and sees only 
the 


input·to·output 
differential 
voltage, 
supplies 
of 
several 


hundred 
volts 
can 
be regulated 
as long 
as the maximum 


input 
to output 
differential 
is not exceeded. 


Also, 
it makes 
an especially 
simple 
adjustable 
switching 


regulator, 
a 
programmable 
output 
regulator, 
or 
by 


connecting 
a fixed 
resistor 
between 
the 
adjustment 
and 


output, 
the 
LM150 
can 
be used 
as a precision 
current 


regulator. 
Suppl ies 
with 
electronic 
shutdown 
can 
be 
achieved 
by clamping 
the adjustment 
terminal 
to ground 
which 
programs 
the 
output 
to 
1.2V 
where 
most 
loads 


draw 
little 
current. 


The 
LM150K/LM250K/LM350K 
are packaged 
in stand· 
ard 
steel 
TO·3 
transistor 
packages. 
The 
LM350T 
is pack· 
aged 
in a TO·220 
plastic 
package. 
The 
LM 150 
is rated 


for 
operation 
from 
-55°C 
to +150°C, 
the 
LM250 
from 


-25°C 
to +150°C 
and 
the 
LM350 
from 
O°C to +125°C. 


tOptional-improves 
transient 
response. 
Output 
capacitors in the range of 1 IJF 


to 1000 IJF of aluminum 
or tantalum 
electrolytic 
are 
commonly 
used 
to 
provide 
improved 
output 
impedance 


and rejection of transients. 


*Needed 
if 
device 
is far 
from 
filter 


capacitors. 


ttVOUT 
= 1.25V 
(1 + :~) 


Note. Usually R 1 = 240n 
for 


LM150 and LM250 and 
Rl 
= 120n for LM350. 


VREF" 
6.95V 


D1 
lM129 


- 


Absolute Maximum Ratings 


Power Dissipation 
Internally 
limited 


Input-Output 
Voltage Differential 
35V 


Operating Junction 
Temperature 
Range 
LM150 
-55°C 
to +150°C 
LM250 
-25°C 
to +150°C 
LM350 
O°Cto 
+125°C 


Storage Temperature 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
(Note 1) 


TA = 25°C, 
3V ~ VIN 
- 
VOUT 
~ 35V, 


(Note 
21 


T A = 25° C, 10 mA <:; lOUT 
~ 
3A 


VOUT 
~ 5V, (Note 
21 


VOUT 
~ 5V, (Note 
21 


Thermal 
Regulation 


Adjustment 
Pin Current 


10mA~IL~3A 


3V ~ (VIN 
- 
VOUTI<:; 
35V 


3 ~ (VIN 
- 
VOUT) 
~ 35V, 
(Note 
31 


10 mA SIOUT~ 
3A, P ~ 30W 


3V S VIN 
- 
VOUT 
~ 35V, 
(Note 
2) 


10 mA SIOUT 
S 3A, 
(Note 
21 


VOUT 
~ 5V 


VOUT~ 
5V 


TMIN~Tj~TMAX 


VIN 
- 
VOUT 
= 35V 


VIN 
- 
VOUT 
~ 10V 


VIN 
- 
VOUT 
= 30V, 
Tj = +25°C 


TA = 25°C, 
10 Hz ~ f S 10 kHz 


VOUT= 
10V, 
f= 
120Hz 


CADJ = 10 /.IF 


TA=125°C 


K Package 


T Package 


Line Regulation 


Load Regulation 


Thermal 
Resistance, 
Junction 


to Case 


Preconditioning 


Burn-In 
in Thermal 
Limit 


°cm 


°C/W 


Note 
1: Unless 
otherwise 
specified, 
these 
specifications 
apply 
-5S 


QC 
:$. Tj 
:$. +lS<fC 
for 
the 
LM150, -2~C::; Tj 
:$. +150°C 
for the 
LM250 
and 
aOc $. Tj :::;+12SOC for the 
LM350. 
VIN 
- 
VOUT 
= 5V and lOUT = 1.5A. 
These specifications 
are applicable 
for power dissipations 
up to 30W 
for the K package and 25W for the T package. Power dissipation is guaranteed at these values up to 15 volts input-output 
differential. 
Above 
15 volts differential, 
power dissipation will be limited by internal protection circuitry. 


Note 
2: Regulation is measured at constant junction 
temperature. 
Changes in output voltage due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 


Note 3: Selected devices with tightened tolerance reference voltage available. 


Order 
Number 
LM150K Steel, 
LM250K 
Steel or LM350K 
Steel 


See NS Package 
K02A 


(TO-3 STEEL) 
Metal Can Package 


AOJUSTMONT 0 
VIN 


CASE IS 
o 
OUTPUT 


MIN 
TVP 
MAX 


0.005 
0.01 


TVP 
MAX 


0.005 
0.03 


5 
15 
5 
25 


0.1 
0.3 
0.1 
0.5 


0.002 
0.01 
0.002 
0.03 


50 
100 
50 
100 


0.2 
5 
0.2 
5 


1.20 
1.25 
1.30 
1.20 
1.25 
1.30 


0.02 
0.05 
0.02 


20 
50 
20 


0.3 
1 
0.3 


1 
1 


3.5 
5 
3.5 


3.0 
4.5 
3,0 
4.5 


0.3 
1 
0.25 
1 


0.001 
0.001 


65 
65 


66 
86 
66 
86 


0.3 
1 
0.3 


1.5 


3 
4 
3 


(TO-220) 
Plastic Package 


Order Number 
LM350T 
See NS Package 
T03B 


VOUT 


~." 
OVOUT 
AOJ 


FRONT 
VIEW 


Typical Performance 
Characteristics 


Load 
Regulation 
Current 
Limit 
Adjustment 
Current 


0.2 
6 
65 


~ 
l,l.looL 
60 
z 
0 
., 
0 
, 
5 
-== ~ 


.3 
V 
~ 
~ 
•... 


55 
•... 
z 
;' 


~ 


-02 
z 
4 
'" 
/' 


Il,·1.5A 
Il"~ 
w 
I 
'" 
'" 
i 
50 
'" 
:> 
/ 
~ 
-0.4 
:> 
u 
., 
u 
ITj' 
-55'C 
~ 


•... 


~ 
~ 


Tj' 
25'C 
z 
45 


> 
-0.6 
2 
i 


•... 
, 
~ 


40 
:> 
i 
~ 


-0.8 
VIN = 15V 
T· = 150°C 
., 
35 


VOUT '10V 
'I 
I 
-1 
0 
30 


-75 
-25 
25 
75 
125 
0 
5 
10 
15 
20 
25 
30 
35 
-75 
-25 
25 
75 
125 


TEMPERATURE 
('C) 
INPUT-OUTPUT 
DIFFERENTIAL 
(V) 
TEMPERATURE 
ie) 


Dropout 
Voltage 
Temperatu 
re Stabil ity 
Minimum 
Operating 
Current 


3 
126 
4.5 
I 
I 
~ 


uVOUT 
= 100 mV 
4 


I 
., 
2.5 
~ 
" 
3.5 


~ 
--"- 
It :II 3A 
1.25 
-" 
Tjl.-5J·S 
.•••~ 


..•...• 
w 
/' 
I"- 
•... 
- 
~oiA- 


0 
~ 
z 
3 


2 
~ 
'" 
'~ ,.- 
:::::~ 
c 
'" 
2.5 


<; 
'l250;;;;'A 
> 
124 
:> 
~ 
w 
u 


~ 


1.5 
u 
'\ 
•... 
z 
I--Ti=150o~ 
t>:>- 
-.,.. 
z 
z 


It =20DmA 
I 
~- 
'" 
1.5 


~ 


;;;,. . 
123 


~ 


1 


l'lTT 
:::; 
:; 
1 
I-- i"<Tj' 
25'C 
'" 
0 
0.5 ~ 
I 
I 
0.5 
1.22 
0 


-75 
-25 
25 
75 
125 
-75 
-25 
25 
75 
125 
0 
5 
10 
15 
20 
25 
30 
35 


TEMPERATURE 
(' C) 
TEMPERATURE 
1°C) 
INPUT-OUTPUT 
DIFFERENTIAL 
(V) 


Ripple 
Rejection 
Ripple 
Rejection 
Ripple 
Rejection 


100 
100 
100 r- 


cJOJ =)0 $.IF 
80~ 


clOIJ~IW~F 


80 
80 
"- 
- 
.... 
- 
- 
/ 
'\ 
CAD}' 
10"F 
; 
...•• 


z 
........ 
z 
.- 
z 
I- 
~ 
0 
60 
0 
60 
c 
60 


~ 


CAOJoO- 
~ 


CAOJ" 
0"\ "\'\ 
~ :. 


...•• 


40 
I 
I 
40 
40 


V,N - Vour" 
5V 
It 
It =500mA 
"'- ~ 


VIN 
= 15V 


<r 
20 
It =500mA 
<r 
20 
VIN" 
15V 
<r 
20 
VOUT= 10V_ 
f= 
120 Hz 
Your 
= lOV 
f; 120 Hz 


11'=25 
C 
Ti" 25 C 
Tj = 25 C 


0 
0 
0 


0 
5 
10 
15 
20 
25 
30 
35 
10 
100 
" 
10k 
lOOk 
1M 
0.01 
0.1 
1 
10 


OUTPUT 
VOLTAGE 
(V) 
FREQUENCY 
(Hz) 
OUTPUT 
CURRENT 
(A) 


Output 
Impedance 
Line Transient 
Response 
Load 
Transient 
Response 


101 
1.5 
1.5 


VIN" 
15V 
I 
Your 
= lOV 
1 
I 
Cl" 
O. CAOJ' 
0_1 
I 


Your 
10V 
0- 
1 
It =SOmA 
0- 


Cl"';F.CAOJ~10~F 
~,.ll 


.,> 
.,> 


S 
100 
It -500mA 
r 
I 
=~ 
Cl '"0, CADJ" 0 
Tj "'25"C 
~~ 


0.5 


00 
0.5 
Ti'" 25 C 
>;:: 
I 
>;:: 
0 ~.- 
z 
•... ., 
0 


•... ., 
VIN'" 
15V 
;; 
r---t- CAOJ 
0 0 .1\ 
~> 


Cl"' 
!F. 
C~OJI. 
10 


1 
"F if 
~~ 


-0.5 
\ 
/1 
1 
•... 
w 
VOUT'" 
10V 
~ 
10-1 
~c 
-0.5 
~c 
-1 
\1 
INt'" 
50 mA 
•... 
-1 


-1.5 
Ti'" 25 C 
:> 
~ 


~ 
10-2 
/I 
/ 
CAOJ" 
TO"F J 
~ 
5 
1.5 


I 
~ I 
I 
1 
c •... 


0 
.,z 
1 
z 
0.5 
OW 
I\ I 
I 
~ 
~~ 
0.5 


10-3 
0 
0 
I \ I 
I 


10 
100 
lk 
10k 
100k 
1M 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 


FREQUENCY 
(Hz) 
T1MEiJnl 
TlMEwsi 


.•.• 
, •.• , ••••• ~ .••..•••.•• 
U;"!:I>;;;, 
vH~t-, 
U~lw~en 
lne 
output 
and 
adjustment 
terminal. 
The 
reference 
voltage 
is impressed 
across 
program 
resistor 
R 1 and, 
since 
the voltage 
is con- 
stant, 
a 
constant 
current 
11 then 
flows 
through 
the 
output 
set 
resistor 
R2, 
giving 
an 
output 
voltage 
of 


Since 
the 
50 pA 
current 
from 
the 
adjustment 
terminal 
represents 
an 
error 
term, 
the 
LM 150 
was 
designed 
to 
minimize 
IADJ 
and 
make 
it 
very 
constant 
with 
line 
and 
load 
changes. 
To 
do 
this, 
all quiescent 
operating 
current 
is returned 
to 
the 
output 
establishing 
a mini- 
mum 
load 
current 
requirement. 
If there 
is insufficient 
load on the output, 
the output 
will rise. 


An 
input 
bypass 
capacitor 
is recommended. 
A 0.1 pF 
disc 
or 
1 pF solid 
tantalum 
on the 
input 
is suitable 
input 
bypassing 
for 
almost 
all applications. 
The device 
is more 
sensitive 
to the 
absence 
of input 
bypassing 
when 
adjust- 


ment 
or output 
capacitors 
are used 
but the above 
values 
will eliminate 
the possibility 
of problems. 


The 
adjustment 
terminal 
can 
be bypassed 
to ground 
on 
the 
LM150 
to 
improve 
ripple 
rejection. 
This 
bypass 
capacitor 
prevents 
ripple 
from 
being 
amplified 
as the 
output 
voltage 
is increased. 
With 
a 10 pF 
bypass 
capac- 
itor 
86 
dB 
ripple 
rejection 
is obtainable 
at any 
output 
level. 
Increases 
over 
10 pF 
do 
not 
appreciably 
improve 
the 
ripple 
rejection 
at frequencies 
above 
120 
Hz. 
If the 
bypass 
capacitor 
is used, 
it is sometimes 
necessary 
to 
include 
protection 
diodes 
to 
prevent 
the 
capacitor 
from 
discharging 
through 
internal 
low 
current 
paths 
and damaging 
the device. 


In general, 
the 
best 
type 
of capacitors 
to use are solid 
tantalum. 
Solid 
tantalum 
capacitors 
have low impedance 
even 
at 
high 
frequencies. 
Depending 
upon 
capacitor 
construction, 
it takes 
about 
25 pF 
in aluminum 
electro- 
lytic 
to 
equal 
1 pF 
solid 
tantalum 
at high 
frequencies. 
Ceramic 
capacitors 
are 
also 
good 
at 
high 
frequencies, 
but 
some 
types 
have 
a large 
decrease 
in capacitance 
at 
frequencies 
around 
0.5 
MHz. 
For 
this 
reason, 
0.01 
pF 
disc 
may 
seem 
to 
work 
better 
than 
a 0.1 
pF 
disc 
as 
a bypass. 


like 
any 
feedback 
circuit, 
certain 
values 
of 
external 
capacitance 
can 
cause 
excessive 
ringing. 
This 
occurs 
with 
values 
between 
500 
pF 
and 
5000 
pF. 
A 
1 pF 
solid 
tantalum 
(or 25 pF 
aluminum 
electrolytic) 
on the 
output 
swamps 
this effect 
and insures 
stability. 


The 
LM150 
is capable 
of providing 
extremely 
good 
load 
regulation 
but 
a few 
precautions 
are 
needed 
to 
obtain 
maximum 
performance. 
The 
current 
set 
resistor 
con- 


nected 
between 
the 
adjustment 
terminal 
and the output 
terminal 
(usually 
240>2) 
should 
be tied 
directly 
to the 
output 
of 
the 
regulator 
rather 
than 
near 
the 
load. 
This 
eliminates 
line drops 
from 
appearing 
effectively 
in series 
with 
the 
reference 
and 
degrading 
regulation. 
For 
exam- 


ple, 
a 15V 
regulator 
with 
0.05>2 
resistance 
between 
the 
regulator 
and 
load 
will 
have 
a load 
regulation 
due 
to 


line 
resistance 
of 0.05>2 
x IL. If the 
set 
resistor 
is con- 
nected 
near 
the 
load 
the 
effective 
line 
resistance 
will be 
0.05>2 
(1 + R2/R1l 
or 
in this 
case, 
11.5 
times 
worse. 


Figure 
2 shows 
the effect 
of resistance 
between 
the 
regu- 


lator 
and 240>2 set resistor. 


FIGURE 
2. Regulator 
with 
Line Resistance 
in Output 
Lead 


With 
the 
TO-3 
package, 
it is easy 
to minimize 
the 
resis- 
tance 
from 
the 
case 
to 
the 
set 
resistor, 
by using 
2 sep- 


arate 
leads 
to the case. The ground 
of R2 can be returned 
near 
the 
ground 
of 
the 
load 
to provide 
remote 
ground 
sensing 
and improve 
load 
regulation. 


When 
external 
capacitors 
are used 
with any 
IC regulator 
it 
is sometimes 
necessary 
to 
add 
protection 
diodes 
to 
prevent 
the 
capacitors 
from 
discharging 
through 
low 
current 
points 
into 
the 
regulator. 
Most 
10 pF capacitors 


have 
low 
enough 
internal 
series 
resistance 
to 
deliver 
20A 
spikes 
when 
shorted. 
Although 
the 
surge 
is short, 


there 
is 
enough 
energy 
to 
damage 
parts 
of 
the 
IC. 


When 
an 
output 
capacitor 
is connected 
to 
a regulator 
and 
the 
input 
is 
shorted, 
the 
output 
capacitor 
will 
discharge 
into 
the output 
of the 
regulator. 
The 
discharge 


current 
depends 
on 
the 
value 
of 
the 
capacitor, 
the 
output 
voltage 
of the 
regulator, 
and the 
rate of decrease 
of 
VIN. 
In the 
LM150, 
this 
discharge 
path 
is through 
a large junction 
that 
is able to sustain 
25A surge 
with 
no 
problem. 
This 
is not 
true 
of 
other 
types 
of 
positive 


regulators. For output 
capacitors of 25 f.1For less, there 
is no need to use diodes. 


The 
bypass capacitor 
on the adjustment 
term inal can 


discharge 
through 
a low 
current 
junction. 
Discharge 


occurs 
when either 
the 
input 
or 
output 
is shorted. 


Internal 
to the LM150 is a 50n resistor which limits the 


peak 
discharge 
current. 
No 
protection 
is needed for 


output 
voltages of 25V or less and 10 f.1Fcapacitance. 
Figure 
3 
shows 
an 
LM150 
with 
protection 
diodes 
included 
for 
use with 
outputs 
greater than 
25V 
and 
high values of output 
capacitance. 


cz 
""''1' 


VOUT· 
1.25V 
(1 + :~) 
+ R21ADJ 


Precision Power Regulator with 
Low Temperature Coefficient 


lM150 


VIN 
Your 


AoJ 


C2 
TO.1JlF 


INPUTS 


*Sets 
maximum 
VOUT 


5V Logic 
Regulator 
with 
Electronic 
Shutdown* 


Adjustable 
Regulator 
with 
Improved 
Ripple 
Rejection 


tSolid 
tantalum 


*Oischarges 
C1 if output 
is shorted 
to ground 


C2 
RJ 
0.2 


100pF 
5W 


lMJ50 


35V 
V'N 
Your 
OUTPur 


AoJ 
l1V-JOV 


+C1 
02 
C3+ 


1"" 


lN457 
".'IJ 
R's" 


tSotid 
tantalum 


*Ughts 
in constant 
current 
mode 


RI 


51< 


VOLTAGE 


ADJUST 


Typical Applications 
(Continued) 


12V Battery Charger 


1.2V - 20V Regulator with 
Minimum Program Current 


Adjusting Multiple On-Card Regulators 
with Single Control* 


tMinimum 
load-10 
mA 
* All outputs 
within ±100 mV 


6Vpll 


3. 


480 f=\:J 


12 Vp·p 
O. 
'V 


* Rs-sets 
output 
impedance 
of charger 
20UT 
= RS (1 + :~) 
Use of AS allows low charging rates with fully 
charged 
battery. 


··1000 
IlF is recommended 
to filter 
out any input transients. 


III 


*Sets 
peak current 
(2A for 0.30) 


··1000 
pF is recommended 
to filter 


out any input 
transients. 


~National 
~ 
Semiconductor 


LM196/LM396 10Amp Adjustable 
Voltage Regulator 


General Description 


The LM196 is a 10 amp regulator, 
adjustable 
from 1.25V to 


15V, which 
uses a revolutionary 
new IC fabrication 
struc- 


ture to combine 
high power discrete 
transistor 
technology 


with modern 
monolithic 
linear IC processing. 
This combi- 


nation 
yields 
a high-performance 
single-chip 
regulator 


capable 
of supplying 
in excess of 10 amps and operating 


at power levels up to 70 watts. The LM196 features 
on-chip 


trimming 
of reference 
voltage to ±0.8% 
and simultaneous 


trimming 
of 
reference 
temperature 
drift 
to 30 ppm/'C 


typical. 
Thermal 
interaction 
between 
control 
circuitry 
and 


the pass transistor 
which 
affects 
the output 
voltage 
has 


been reduced to extremely 
low levels by strict 
attention 
to 


isothermal 
layout. This interaction, 
called thermal 
regula- 


tion, is 100% tested. 


This 
new 
regulator 
has 
all 
the 
protection 
features 
of 


popular 
lower power adjustable 
regulators 
such as LM117 


and 
LM138, 
including 
current 
limiting 
and 
thermal 


limiting. 
The combination 
of these 
features 
makes 
the 


LM196 
immune 
to 
blowout 
from 
output 
overloads 
or 


shorts, 
even if the adjustment 
pin is accidentally 
discon- 


nected. All devices are "burned-in" 
in thermal 
shutdown 
to 


guarantee 
proper 
operation 
of these 
protective 
features 


under actual 
overload 
conditions. 


Output 
voltage 
is continuously 
adjustable 
from 
1.25V to 


15V. Higher output 
voltages 
are possible 
if the maximum 


input/output 
voltage 
differential 
specification 
is not ex- 


ceeded. 
Full load current 
of 10A is available 
at all output 


voltages, 
subject 
only to the maximum 
power limit of 70W 


and of course, 
maximum 
junction 
temperature. 


The LM196 is exceptionally 
easy to use. Only two external 


resistors 
are 
used 
to 
set 
output 
voltage. 
On-chip 


adjustment 
of the reference 
voltage allows 
a much tighter 


V'Nr 


MAIN 
FilTER 
CAPACITOI 


• For best TC of Your, 
R1 should be wirewound or metal film, 
1% or better. 


•• A2 should be same type as A1, with TC tracking of 30 ppm/oC 


or better. 
t C1 is necessary only if main filter capacitor 
is more than 6" 
away, assuming #18 or larger leads. 


ttC2 
is not absolutely necessary, but is suggested to lower high 


frequency output impedance. 


, C3 improves ripple rejection, output impedance, and noise. C2 


should be 1 ~F or larger close to the regulator if C3 is used. 


Voltage Regulators 
PRELIMINARY 


specification 
of output 
voltage, 
eliminating 
any need for 


trimming 
in most 
cases. 
The regulator 
will 
tolerate 
an 


extremely 
wide range of reactive 
loads, and does not de- 


pend on external 
capacitors 
for frequency 
stabilization. 


Heat sink requirements 
are much less stringent, 
because 


overload situations 
do not have to be accounted 
for-only 


worst-case 
full load conditions. 


The LM196 
is in a TO-3 package 
with 
oversized 
(0.060") 


leads to provide 
best possible 
load regulation. 
Operating 


junction 
temperature 
range 
is 
- 55'C 
to + 150·C. 
The 


LM396 
is 
specified 
for 
a 
O'C 
to 
+ 125'C 
junction 


temperature 
range. 


Available 
in 1982-a 
5-terminal 
version 
of the LM196. The 


LM196-5 will be able to operate at input-output 
voltage 
dif- 


ferentials 
as low as 1V at full load current 
in addition 
to 


having output 
sense capability. 
This device will also be in a 


TO-3 package. 


• 
Output 
pre-trimmed 
to ±0.8% 


• 
10A guaranteed 
output 
current 


• 
100% burn-in in thermal 
limit 


• 
70W maximum 
power 
dissipation 


• 
Adjustable 
output-1.25V 
to 15V 


• 
Internal 
current 
and power 
limiting 


• 
Guaranteed 
thermal 
resistance 


• 
Output 
voltage 
guaranteed 
under worst-case 
conditions 


UPPER 
AND 
LOWER 


f 


N+SUBCOLLECTORS 


N+SUBSTRATE 
lOMILS 
MAJOR 
PORTION 
OVERLAP 


I 


OF 
COllECTOR 


RESISTANCE 


~ /$77/~~~~~~J{//0 


Power NPNs have low collector resistance, and do not require 
collector bond wires. Collectors are all common to substrate. 
Standard NPNs are stilt isolated. 


- 


Absolute Maximum Ratings 


Power 
Dissipation 
Internally 
Limited 


Input-Output 
Voltage 
Differential 
20V 


Operating 
Junction 
Temperature 
Range 


LM196 
Control 
Section 
-55·Cto 
+ 150·C 


Power 
Transistor 
- 55·C 
to + 200·C 


LM396 
Control 
Section 
O·C to + 125·C 


Power 
Transistor 
O·C to + 175·C 


Storage 
Temperature 
- 65·Cto 
+ 150·C 


Lead Temperature(Soldering, 
10 seconds) 
300·C 


Pre-Conditioning 


100% 
Burn-In 
in Thermal 
Limit 


Electrical Characteristics 
(Note 
1) 


Parameter 
Conditions 
LM196 
LM396 


Min 
Typ 
Max 
Min 
Typ 
Mllx 
Units 


Reference 
Voltage 
10UT= 10 mA 
1.24 
1.25 
1.26 
1.23 
1.25 
1.27 
V 


Reference 
Voltage 
3V:s (V IN - VOUT):S20V 
1.22 
1.25 
1.28 
1.21 
1.25 
1.29 
V 


(Note 
2) 
10 mA:slouT 
10A, P:sPMAX 


Full 
Temperature 
Range 


Line 
Regulation 
2.5V:s (V1N- VOUT):S20V 
0.005 
0.01 
0.005 
0.02 
%N 


(Note 
3) 
Full Temperature 
Range 
0.05 
0.05 
%N 


Load 
Regulation 
10 mA:sloUT:s10A 
0.1 
0.1 
%tA 


(Note 
4) 
3V:s V IN-VOUT:s10V, 
P:s PMAX 


Full Temperature 
Range 
0.15 
0.15 
%tA 


Ripple 
Rejection 
CADJ = 25!LF, f = 120 Hz 
60 
74 
66 
74 
dB 


(Note 
5) 
Full Temperature 
Range 
54 
54 
dB 


Thermal 
Regulation 
VIN - VOUT= 5V, IOUT= 10A 
0.003 
0.005 
0.003 
0.015 
%/w 


(Note 
6) 


Average 
Output 
Voltage 
TjMIN :sTj :sTjMAX 
0.003 
0.003 
%t·C 


Temperature 
Coefficient 
(See Curves 
for Limits) 


Adjustment 
Pin Current 
50 
100 
50 
100 
!LA 


Adjustment 
Pin Current 
10 mA s lOUTs 10A 
3 
3 
!LA 


Change 
(Note 
7) 
3V:s VIN - VOUT:S20V 
P:s PMAX, Fuli Temperature 
Range 


Minimum 
Load Current 
2.5V:s (VIN - VOUT):s20V 
10 
10 
mA 


(Note 
9) 
Full Temperature 
Range 


Current 
Limit 
3V:s (V IN- VOUT):S7V 
10 
14 
20 
10 
14 
20 
A 


VIN - VOUT= 20V 
1.5 
3 
8 
1.5 
3 
8 
A 


Rms Output 
Noise 
10 Hz:sf:s10 
kHz 
0.001 
0.001 
%VOUT 


Long 
Term 
Stability 
Tj = 125·C, 
t = 1000 Hours 
0.3 
1.0 
0.3 
1.0 
% 


Thermal 
Resistance 
Control 
Circuitry 
0.3 
0.5 
0.3 
0.5 
·CtW 


Junction 
to Case 
Power 
Transistor 
1.0 
1.2 
1.0 
1.2 
·CtW 


(Note 
10) 


Power 
Dissipation 
(PMAxl 
7.0V :sVIN - VOUT:s12V 
70 
100 
70 
100 
W 


(Note 
11) 
V1N-VoUT=15V 
50 
50 
W 


VIN-VOUT=18V 
36 
36 
W 


Drop-Out 
Voltage 
'OUT= 10A 
2.1 
2.5 
2.1 
2.75 
V 


(Note 
12) 


Note 1: Unless otherwise stated, these specifications 
apply forTj =2SoC, VIN - VOUT =SV, lOUT= 10 mA to 10A. 


Note 2: This is a worst-case 
specification 
which includes all effects due to input voltage, output current, temperature, 
and power dissipation. 
Maximum 
power (PMAX) is specified under Electrical Characteristics_ 


Note 3: Line regulation is measured on a short-pulse, low-duty-cycle basis to maintain constant junction temperature. Changes in output voltage due to ther- 
mal gradients or temperature 
changes must be taken into account separately. See discussion of tine regulation under Application 
Hints. 


Note 4: Load regulation on the 2-pin package is determined 
primarily by the voltage drop along the output pin. Specifications 
apply for an external Kelvin 
sense connection at a point on the output pin 1/4" from the bottom of the package. Testing is done on a short-pulse-width, 
low-duty-cycle basis to maintain 
constant junction 
temperature. 
Changes in output voltage due to thermal gradients or temperature 
changes must be taken into account separately. 
See 
discussion of load regulation under Application 
Hints. 


Note 5: Ripple rejection is measured with the adjustment 
pin bypassed with a 25 pF capacitor, and is therefore independent of output voltage_ With no load or 
bypass capacitor, 
ripple rejection 
is determined 
by line regulation and may be calculated 
from; RR = 20 log10 [100/(K x VOUT)] where K is line regulation 
expressed in %N. At frequencies 
below 100 Hz, ripple rejection may be limited by thermal effects, if load current is above 1A. 


Not86: 
Thermal regulation 
is defined as the change in output voltage during the time period of 0.2 ms to 20 ms after a change in power dissipation 
in the 


regulator, due to either a change in input voltage or output current. See graphs and discussion of thermal effects under Application 
Hints. 


Note 7: Adjustment 
pin current change is specified for the worst-case combination 
of input voltage, output current, and power dissipation. 
Changes due to 
temperature 
must be taken into account separately. 
See graph of adjustment 
pin current vs temperature. 


Note 8: Current limit is measured 10 ms after a short is applied to the output. DC measurements 
may differ slightly due to the rapidly changing junction 
temperature, 
tending todrop slightly as temperature increases. A minimum available load current of 10A is guaranteed overthe full temperature range as long 
as power dissipation 
does not exceed 70W, and V1N- VOUT is less than 7.0V. 


Note 9: Minimum load current of 10 mA is normally satisfied by the resistor divider which sets up output voltage. 


Note 10: Total thermal resistance, junction to ambient, will include junction to case thermal resistance plus interface resistance and heat sink resistance. 
See discussion of heat sinking under Application 
Hints. 


Not811: 
Although power dissipation 
is internally limited, electrical 
specifications 
apply only for power dissipation 
up to the limits shown. Derating with 
temperature 
is a function of both power transistor temperature and control area temperature, 
which are specified differently. See discussion of heat sinking 
under Application 
Hints. For VIN - VOUT less than 7V, power dissipation 
is limited by current limit of 10A. 


Note12: 
Dropout voltage is input-output voltage differential 
measured at a forced reference voltage of 1.1SV, with a 10A load, and is a measurement 
of the 
minimum input/output differential 
at full load. 


Heat Sinking 


Because 
of its extremely 
high power dissipation 
capabili- 
ty, the major limitation 
in the load driving 
capability 
of the 


LM196 is heat sinking. 
Previous regulators 
such as LM109, 


LM340, LM117, etc., had internal 
power 
limiting 
circuitry 


which 
limited 
power dissipation 
to about 30W. The LM196 


is guaranteed 
to dissipate 
up to 70W continuously, 
as long 


as the maximum 
junction 
temperature 
limit is not exceed- 


ed. This requires careful 
attention 
toall 
sources 
of thermal 


resistance 
from 
junction-to-ambient, 
including 
junction- 


to-case 
resistance, 
case-to-heat-sink 
interface 
resistance 


(0.1-1.0'CIW), 
and heat sink resistance 
itself. A good ther- 


mal joint 
compound 
such as Wakefield 
type 120 or Ther- 


malloy 
Thermacote 
must 
be used 
when 
mounting 
the 


LM196, 
especially 
if an electrical 
insulator 
is used 
to 


isolate 
the 
regulator 
from 
the 
heat 
sink. 
Interface 


resistance 
without 
this compound 
will 
be no better 
than 


0.5'CIW, 
and probably 
much worse. With 
the compound, 
and no insulator, 
interface 
resistance 
will 
be 0.2'CIW 
or 
less, assuming 
0.005" 
or less combined 
flatness 
run-out 
of TO-3 and heat sink. 
Proper 
torquing 
of the mounting 


bolts 
is important 
to achieve 
minimum 
thermal 
resist- 


ance. Four to six inc'h pounds 
is recommended. 
Keep in 


mind 
that 
good 
electrical, 
as well 
as thermal, 
contact 


must be made to the case. 


The actual 
heat sink chosen 
for the LM196 will 
be deter- 


mined 
by the 
worst-case 
continuous 
full 
load 
current, 
input 
voltage 
and maximum 
ambient 
temperature. 
Over- 
load or short 
circuit 
output 
conditions 
do not normally 


have to be considered 
when selecting 
a heat sink because 
the thermal 
shutdown 
built 
into the LM196 will protect 
it 


under these 
conditions. 
An exception 
to this 
is in situa- 


tions 
where the regulator 
must 
recover very quickly 
from 


overload. 
The LM196 
may take 
some time 
to recover 
to 
within 
specified 
output 
tolerance 
following 
an extended 


overload, 
if the regulator 
is cooling 
from 
thermal 
shut· 


down 
temperature 
(approximately 
175') 
to 
specified 


operating 
temperature 
(125'C or 150'C). The procedure 
for 


heat sink selection 
is as follows: 


Calculate 
worst-case 
continuous 
average 
power 


dissipation 
in 
the 
regulator 
from 
P=(VIN-VOUT)X 
(lOUT)'To do this, you must know the raw power supply 
voltagelcurrent 
characteristics 
fairly 
accurately. 
For 


example, 
consider 
a 10V output 
with 15V nominal 
input 


voltage. 
At full load of 10A, the regulator 
will dissipate 


P= (15 -10) 
x (10) = 50W.lf 
input voltage 
rises by 10%, 


power 
dissipation 
will 
increase 
to 
(16.5 -10) 
x 


(10)=65W, 
a 30% 
increase. 
It is strongly 
suggested 


that 
a raw supply 
be assembled 
and tested 
to deter- 


mine its average DC output 
voltage 
under full load with 


maximum 
line 
voltage. 
Do not over-design 
by using 


unloaded 
voltage 
as a worst-case, 
since the regulator 


will not be dissipating 
any power under no load condi- 


tions. 
Worst-case 
regulator 
dissipation 
normally 
oc- 


curs under fUll load conditions 
except 
when the effec- 


tive DC resistance 
of the raw supply 
(.:lV/.:lI) is larger 


than (V1N*- VouT)/2IfL, where V1N* is the lightly-loaded 
raw 
supply 
voltage 
and 
IfL is fUll 
load 
current. 
For 


(V1N*-VOUT)=5V-8V, 
and IfL=5A-10A, 
this 
gives 
a 


resistance 
of 0.25n to 0.8n. If raw supply 
resistance 
is 


higher 
than this, the regulator 
power dissipation 
may 


be less at fUll load current, 
than at some intermediate 


current, 
due to the 
large 
drop 
in input 
voltage. 
For- 


tunately, 
most 
well 
designed 
raw supplies 
have low 


enough 
output 
resistance 
that 
regulator 
dissipation 


does maximize 
at fUll load current, 
or very close to it, so 


tedious 
testing 
is not usually 
required 
to find 
worst- 


case power dissipation. 


A very important 
consideration 
is the size of the filter 
ca- 


pacitor 
in the raw supply. 
At these high current 
levels, ca- 


pacitor 
size is usually 
dictated 
by ripple 
current 
ratings 


rather than just obtaining 
a certain 
ripple voltage. 
Capac- 


itor ripple current 
(rms) is 2-3 times the DC output 
current 


of the filter. 
If the capacitor 
has just 0.050 DC resistance, 


this can cause 30W internal 
power dissipation 
at 10A out- 


put current. 
Capacitor 
life is very sensitive 
to operating 


temperature, 
decreasing 
by a factor 
of two for each 15·C 


rise in internal 
temperature. 
Since capacitor 
life is not all 


that great to start with, it is obvious 
that a small capacitor 


with a large internal 
temperature 
rise is inviting 
very short 


mean-time-to-failure. 
A second 
consideration 
is the loss 


of usabie 
input 
voitage 
to the 
regulator. 
The LM196 
re- 


quires 
2V-2.5V 
minimum 
input/output 
voltage 
differential 


to maintain 
regulation. 
If the capacitor 
is small, 
the large 


dips in the input voltage 
may cause the LM196 to drop out 


of regulation. 
2000 I'F per ampere 
of load current 
is the 


minimum 
recommended 
value, yielding 
about 2 Vp-p rip- 
ple of 120 Hz. Larger values 
will 
have longer 
life and the 


reduced 
ripple 
wili 
aliow 
lower 
DC input 
voitage 
to the 
regulator, 
with 
subsequent 
cost 
savings 
in the 
trans- 


former 
and heat 
sink. 
Sometimes 
several 
capacitors 
in 


paraliel 
are better 
to decrease 
series 
resistance 
and in- 


crease 
heat dissipating 
area. 


After 
the raw supply 
characteristics 
have been determin- 


ed, and 
worst-case 
power 
dissipation 
in the 
LM196 
is 


known, 
the 
heat 
sink 
thermal 
resistance 
can 
be found 


from the graphs titled 
Maximum 
Heat Sink Thermal 
Resis- 


tance 
(page 7). These curves 
indicate 
the minimum 
size 


heat sink required 
as a function 
of ambient 
temperature. 
They 
are 
derived 
from 
a case-to-control-area 
thermal 


resistance 
of 0.5·CIW and a case-to-power 
transistor 
ther- 


mal resistance 
of 1.2·CIW. 0.2·CIW 
is assumed 
for inter- 


face resistance. 
A maximum 
control 
area temperature 
of 


150·C is used forthe 
LM196 and 125·C forthe 
LM396. Max- 


imum 
power 
transistor 
temperature 
is 
200·C 
for 
the 


LM196 and 175·C forthe 
LM396. Forconservative 
designs, 
it is suggested 
that when using these curves, you assume 
an ambient 
temperature25·C-50·C 
higher than is actually 
anticipated, 
to avoid 
running 
the 
regulator 
right 
at 
its 


design 
limits 
of operating 
temperature. 


A quick look at the curves shows that heat sink resistance 
(BSA)will normaliy 
fall into the range of 0.2·C/W - 1.5·CIW. 


These are not small 
heat sinks. A model 441, for instance, 
which 
is sold 
by several 
manufacturers, 
has 
a BSA of 


0.6·CIW 
with 
natural 
convection 
and is about five inches 


on a side. Smaller 
sinks are more volumetrically 
efficient, 
and larger sinks, 
iess so. A rough formula 
for estimating 


the volume 
of heat sink 
required 
is: V = 50/BsA1.S CU iN. 
This holds for natural convection 
only. If the heat sink is in- 


side a small 
sealed 
enclosure, 
BSAwill increase 
substan- 


tially 
because 
the air is not free to form natural 
convection 


currents. 
Fan-forced 
convection 
can reduce BSAby a factor 


of two at 200 FPM air velocity, 
and by four at 1000 FPM. 


Ripple Rejection 


Ripple rejection 
at the normal ripple frequency 
of 120 Hz is 


a function 
of both 
electrical 
and thermal 
effects 
in the 
LM196. If the adjustment 
pin is not bypassed 
with a capac- 


itor, it is also dependent 
on output 
voltage. 
A 25 I'F capac- 


itor from the adjustment 
pin to ground 
will make ripple re- 


jection 
independent 
of 
output 
voltage 
for 
frequencies 
above 100 Hz. If lower ripple frequencies 
are encountered, 


the capacitor 
should 
be increased 
proportionally. 


Keep in mind that the bypass capacitor 
on the adjustment 


pin will 
limit 
the turn-on 
time 
of the 
regulator. 
A 25 I'F 


capacitor, 
combined 
with 
the output 
divider 
resistance, 


will give an extended 
output 
voltage 
settling 
time follow- 


ing the application 
of input power. 


Load Regulation 


Because 
the 
LM196 
is a three-terminal 
device, 
it is not 


possible 
to provide true remote load sensing. 
Load regula- 


tion wili be limited 
by the resistance 
of the output 
pin and 
the wire connecting 
the regulator 
to the load. For the data 
sheet specification, 
regulation 
is measured 
1/4" from the 
bottom 
of the package 
on the output 
pin. Negative 
side 
sensing 
is a true Kelvin connection, 
with the bottom 
of the 


output 
divider 
returned 
to the negative 
side of the load. 


Although 
it may not be immediately 
obvious, 
best 
load 
regulation 
is obtained 
when the top of the divider 
is con- 


nected directly 
to the output 
pin, not to the load. This is il- 
lustrated 
in Figure 3. If R1 were connected 
to the load, the 
effective 
resistance 
between 
the regulator 
and the load 
would 
be 


( 
R2+ 
R1) 
(Rw) x 
R1 


Rw = Line Resistance 


Connected 
as shown, 
Rw is not multiplied 
by the divider 


ratio. Rw is about 0.0040 per foot using 16 gauge wire. This 
translates 
to 40 mV/ft 
at 10A load current, 
so it is impor- 


tant to keep the positive 
lead between 
regulator 
and load 
as short 
as possible. 


CONNECT 
R2 
TO LOAO 


FIGURE 
3. 
Proper 
Divider 
Connection 


Thermal, 
as well 
as electrical, 
load 
regulation 
must 
be 
considered 
with 
IC regulators. 
Electrical 
load regulation 
occurs 
in microseconds, 
thermal 
regulation 
due to die 
thermal 
gradients 
occurs 
in the 0.2 ms-20 
ms time frame, 


and regulation 
due to overall temperature 
changes 
in the 
die occurs 
over a 20 ms to 20 minute 
period, depending 
on 
the time constant 
of the heat sink used. Gradient 
induced 
load regulation 
is calculated 
from 


For V1N=9V, 
VouT=5V, 
t.loUT=10A, 
and {3=0.005%/W, 


this yields 
a 0.2% 
change 
in output 
voltage. 
Changes 
in 


output 
voltage 
due 
to 
overall 
temperature 
rise 
are 
calculated 
from 


VOUT= (V1N - VOUT)x (t.IOUT)x (TC) x (8jA) 


TC = Temperature 
coefficient 
of output voltage. 


8jA = Thermal 
resistance 
from 
junction 
to ambient. 
8jA 
is approximately 
O.5°CIW + 8 of heat sink. 


For the same conditions 
as before, with TC = 0.003%I 
OC, 


and 8jA = 1.5°CIW, 
the change 
in output 
voltage 
will 
be 
0.18%. 
Because 
these two thermal 
terms can have either 
polarity, 
they may subtract 
from, or add to, electrical 
load 
regulation. 
For 
worst-case 
analysis, 
they 
must 
be as- 
sumed 
to add. If the output 
of the regulator 
is trimmed 
under load, only that portion of the load that changes 
need 
be used in the previous 
calculations, 
significantly 
improv- 
ing output 
accuracy. 


Electricai 
line 
regulation 
is very good 
on the 
LM196- 
typically 
less than 0.005% 
change 
in output 
voltage 
for a 
lV change 
in input. This level of regulation 
is achieved 
on- 
ly for very low load currents, 
however, because 
of thermal 


effects. 
Even with a thermal 
regulation 
of 0.002%1W, 
and a 
temperature 
coefficient 
of 0.003%I 


OC, 
DC line regulation 


will 
be dominated 
by thermal 
effects 
as shown 
by the 
following 
example: 


Assume 
VOUT= 5V, V1N=9V, 
IOUT=8A 


Following 
a 10% change in input voltage (0.9V), the output 
will change quickly 
(,,100 
I's), due to electrical 
effects, 
by 


(0.005%V) x (0.9V) =0.0045%. 
In the next 20 ms, the out- 
put 
will 
change 
an 
additional 
(0.002%/W) 
x (8A) x 
(0.9V) = 0.0144% 
due to thermal 
gradients 
across 
the die. 


After a much longer time, determined 
by the time constant 
of the 
heat 
sink, 
the 
output 
will 
change 
an additional 


(0.003%I°C) 
x (8A) x (0.9V) x (2°CIW) = 0.043% 
due to the 
temperature 
coefficient 
of output 
voltage and the thermal 
resistance 
from 
die to ambient. 
(2°CIW 
was chosen 
for 
this calculation). 
The sign of these 
last two terms 
varies 
from part to part, so no assumptions 
can be made about 
any cancelling 
effects. 
All three terms must be added for a 
proper 
analysis. 
This 
yields 
0.0045 + 0.0144 + 0.043 = 
0.062% 
using 
typical 
values 
for thermal 
regulation 
and 
temperature 
coefficient. 
For 
worst-case 
analysis, 
the 


maximum 
data 
sheet 
specifications 
for thermal 
regula- 


tion 
and temperature 
coefficient 
should 
be used, along 


with the actual thermal 
resistance 
of the heat sink being 


used. 


Paralleling 
Regulators 


Paralleling 
regulators 
is 
not 
normally 
recommended 


because they do not share currents 
equally. The regulator 


with the highest 
reference 
voltage 
will supply 
all the cur- 


rent to the load until it current 
limits. With an 18A load, for 


instance, 
one regulator 
might be operating 
in current 
limit 


at 16A while the second device is only carrying 
2A. Power 


dissipation 
in the high current 
regulator 
is extremely 
high 


with 
attendant 
high 
junction 
temperatures. 
Long 
term 


reliability 
cannot 
be guaranteed 
under these conditions. 


Quasi-paralleling 
may be accomplished 
if load regulation 


is not 
critical. 
The connection 
shown 
in Figure 
6 will 


typically 
share to within 
lA, with a worst-case 
of about 3A. 


Load regulation 
is degraded 
by 150 mV at 20A loads. An 


external 
op amp may be used as in Figure 
8 to improve 


load regulation. 


Input and Output 
Capacitors 


The LM196 will tolerate 
a wide range of input and output 


capacit<lnce, 
but long wire runs or small values of output 


capacitance 
can sometimes 
cause problems. 
If an output 


capacitor 
is used, it should 
be 11'F or larger. We suggest 


10 I'F solid 
tantalum 
if significant 
improvements 
in high 


frequency 
output 
impedance 
are needed (see output 
im- 


pedance 
graph). This capacitor 
should 
be as close to the 


regulator 
as possible, 
with 
short 
leads, to reduce the ef- 


fects 
of lead inductance. 
No input capacitor 
is needed if 


the regulator 
is within 
6 inches of the power supply 
filter 


capacitor, 
using 
18 gauge stranded 
wire. For longer wire 


runs, the LM196 input should 
be bypassed 
locally 
with a 


4.7 I'F (or larger) solid tantalum 
capacitor, 
or a 100 I'F (or 


larger) aluminum 
electrolytic 
capacitor. 


Correcting 
for Line Losses 


Three-terminal 
regulators 
can only provide 
partial 
Kelvin 


load sensing 
(see Load Regulation). 
Full remote sensing 


can be added by using an external 
op amp to cancel the ef- 


fect of voltage drops in the unsensed 
positive 
output 
lead. 


In Figure 
8, the LM301A op amp forces 
the voltage 
loss 


across the unsensed 
output 
lead to appear across R3. The 


current 
through 
R3 then flows 
out the V - 
pin of the op 


amp through 
R4. The voltage drop across R4 will raise the 


output 
voltage 
by an amount 
equal to the line loss, just 


cancelling 
the line loss itself. 
A small 
(:= 
40 mY) initial 


output 
voltage error is created 
by the quiescent 
current of 


the op amp. Cancellation 
range is limited 
by the maximum 


output current of the op amp, about 300 mV as shown. This 
can be raised 
by increasing 
R3 or R4 at the expense 
of 


more initial 
output 
error. 


Proper transformer 
ratings 
are very important 
in a high 


current supply 
because of the conflicting 
requirements 
of 


efficiency 
and 
tolerance 
to 
low-line 
conditions. 
A 


transformer 
with 
a high 
secondary 
voltage 
will 
waste 


power 
and cause 
unnecessary 
heating 
in the regulator. 


usee 10 calculate 
tne reqUirea 
seconaary 
vOltage 
ana cur- 
rent ratings 
using 
a full-wave 
center 
tap: 


Vrms = COUT+ 
VREG +J;ECT+ 
VRIPPLE) (~::;)( 
1.1') 


Irms = (lOUT)(1.2) 
(Full-wave 
center 
tap) 


VOUT= DC regulated 
output 
voltage 


VREG= Minimum 
input-output 
voltage 
of regulator 


VRECT= Rectifier 
forward 
voltage 
drop 
at three 
times 
DC 


output 
current 


VRIPPLE= 1/2 peak-to-peak 
capacitor 
ripple voltage 


(5.3 x 10 -3) (lOUT) 


2C 


VNOM= Nominal 
line voltage 
AC rms 


VLOW= Low line voltage 
AC rms 


10UT= DC output 
current 


Example: 
10UT= 10A, VOUT= 5V 


Assume: 
VREG= 2.2V, VRECT= 1.2V 


VRIPPLE= 2 Vp·p, VNOM= 115V, 


VLOW=105V 


Vrms =e+2.2;;.2+1)C~~) 
1.1 


= 8.01 Vrms 


(5.3 x 10 -3) (lOUT) 
Capacitor 
C = ----------~- 


2· 
VRIPPLE 


(5.3 x 10 -3)(10) = 26,500 I'F 
2 


~ 
z 
~ 
-2.0 


50 
100 


TEMPERATURE 
(Oe) 


man 
tne average 
current 
Ilowlng 
tnrougn 
tnem. 
In a 1UA 
supply, 
for 
instance, 
the 
average 
current 
through 
each 


diode 
is only 
5A, but the diodes 
shouid 
have a rating 
of 


10A-15A. 
There 
are many 
reasons 
for this, 
both 
thermal 


and electrical. 
The diodes 
conduct 
current 
in pulses 
about 
3.5 ms wide 
with 
a peak 
value 
of 5-8 
times 
the average 


value, 
and an rms value 
1.5-2.0 
times 
the average 
value. 


This results 
in long term diode 
heating 
roughly 
equivalent 
to 10A DC current. 
The most 
demanding 
condition 
how- 
ever, may be the one cycle 
surge 
through 
the diode 
during 
power 
turn on. The peak value of the surge 
is about 
10-20 
times 
the DC output 
current 
of the supply, 
or 100A-200A 
for a 10A supply. 
The diodes 
must 
have a one cycle 
non- 


repetitive 
surge 
rating 
of 200A or more, and this 
is usually 
not found 
in a diode 
with 
less than 
10A average 
current 
rating. 
Keep in mind 
that 
even though 
the LM196 
may be 
used at current 
levels below 
10A, the diodes 
may still 
have 
to survive 
shorted 
output 
conditions 
where 
average 
cur- 
rent could 
rise to 12A-15A. 
Smaller 
transformers 
and filter 


capacitors 
used 
in 
lower 
current 
supplies 
will 
reduce 


surge 
currents, 
but 
unless 
specific 
information 
is avail- 


able on worst-case 
surges, 
it is best not to economize 
on 
diodes. 
Stud-mounted 
devices 
in a DO-4 package 
are rec- 


ommended. 
Cathode·to·case 
types 
may be bolted 
directly 
to the same 
heat sink 
as the LM196 because 
the case 
of 
the regulator 
is its power 
input. 
Part numbers 
to consider 
are the 
1N1200 
series 
rated 
at 12A average 
current 
in a 
DO-4 
stud 
package. 
Additional 
types 
include 
common 
cathode 
duals 
in a TO-3 
package, 
both 
standard 
and 
Schottky, 
and various 
duais 
in plastic 
filled 
assemblies. 


Schottky 
diodes 
will 
improve 
efficiency, 
especially 
in low 
voltage 
applications. 
In a 5V supply 
for instance, 
Schottky 
diodes 
will 
decrease 
wasted 
power 
by up to 6W, or alter- 


natively 
provide 
an additional 
5% 
"drop 
out" 
margin 
for 
low-line 
conditions. 
Several 
manufacturers 
are producing 


"high 
efficiency" 
diodes 
with a forward 
voltage 
drop near- 


ly as good 
as Schottkys 
at 
high 
current 
levels. 
These 


devices 
do not have the low breakdown 
voltages 
of Schot- 


tkys, so are much 
less prone 
to reverse 
breakdown 
induc- 


ed failures. 
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Typical Performance Characteristics 
(Continued) 
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Power 
Current 
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Dissipation" 
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• See "Heat Sinking" under Application 
Hints. 
·See "Heat Sinking" under Application 
Hints. 


TO·3 Interface 
Thermal 
Resistance 
using Thermal 
Joint 
Compound 
Thermal 
Regulation 
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TO·J AND 
HEAT 
SINK 
RUNOUT) 


Reference 
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Noise" 
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·To obtain output noise, multiply by 


VOUT/1.25 
if adjustment 
pin is not bypassed. 


Typical Performance 
Characteristics 
(Continued) 


Ripple Rejection 
Adjustment 
Current 
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Output Impedance 
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-For output voltages other than 5V, multiply 
vertical scale readings by Vour/5. 


Line Transient Response 
Load Transient Response 
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·With no adjustment 
pin bypass. For output 
·With no adjustment 
pin bypass. For output 
voltages other than 5V, multiply 
vertical scale 
voltages other than 5VI multiply 
vertical scale 


by YOUT/5. 
by YOUT/5. 


10k 


OUTPUT 
ADJUST 


Cl 
10llF 
TANT 


'"Regulation 
can be improved 
by adding an LM336 reference 
diode to in- 


crease the effective 
reference voltage to 3.75V. Load and line regula· 


tion are improved by 3:1, including 
thermal effects. 


·R3 is selected to supply partial load current. Therefore, a minimum 
load 


must always be maintained 
to prevent the regulated output from rising 


uncontrolled. 
R3 must 
be greater than (VMAX - VOUT)JlMIN,where VMAX 


is worst-case 
high input voltage, and IMIN is the minimum 
load current. 


R3 must be rated for at least (VIN - VOUT)2/R3watts. Regulator 
power 


dissipation will be reduced by a factor of 2 - 3 in a typical situation 
where minimum 
load current is 1/2 fult load current. Regulator dissipa- 


tion will peak at: 


and will be equal to: 


(R3)(IOUTl2 
. 
PMAX= --4--Assum,"g: 
(R3)(IOUTl"VMAX - VOUT 


A few words 
of caution; 
(1) R3 power 
rating 
must 
be increased 
to 


(VMAX)2/R3 if continuous 
output shorts are possible. 
(2) Under normal 


load conditions, 
system power dissipation 
is not changed, but under 
short 
circuit 
conditions 
system 
power 
dissipation 
increases 
by 


(VIN)2/R3 watts over the already high power of a shorted regulator. The 
LM196 will not be harmed and neither will R3 if it is rated properly, but 
the raw supply 
components 
must be able to withstand 
the overload 


also. Thermal shutdown 
of the LM196 will probably occur for sustained 
shorts, somewhat 
alleviating 
the problem. 


- 


Output will be within 
± 20 mV at 25°C, no load. Regulation 
of tracking 


units is improved by Vour/1.2S compared toa normal connection. 
Regula- 
tion of master unit is unchanged. Load or input voltage changes on slave 
units do not affect other units, but all units will be affected by changes on 
master. A short on any output will cause all other outputs to drop to ap- 
proximately 
2V. 


co 
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BOTTOM 
VIEW 


Order 
Number 
LM196K Steel 
or LM396K 
Steel 
See NS Package 
K02B 


~National 
~ 
Semiconductor 
Voltage Regulators 


LM317L 3-Terminal Adjustable Regulator 


The LM317L is an adjustable 3-terminal positive voltage 
regulator capable of supplying 100mA over a 1.2Vto 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Fur- 
ther, both line and load regulation are better than standard 
fixed regulators. Also, the LM317L is packaged in a stan- 
dard TO-92transistor package which is easy to use. 


In addition to higher performance than fixed regulators, 
the LM317Loffers full overload protection. Included on the 
chip are current limit, thermal overload protection and 
safe area protection. 
All overload protection 
circuitry 


remains fully functional even if the adjustment terminal is 
disconnected. 


• 
Adjustable output down to 1.2V 


• 
Guaranteed 100mA output current 


• 
Line regulation typically 0.01%N 


• 
Load regulation typically 0.1% 
• 
Current limit constant with temperature 


• 
Eliminates the need to stock many voltages 


• 
Standard 3-lead transistor package 


• 
80 dB ripple rejection 


Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which case 
an input bypass is needed. An optional output capacitor 
can be added to improve transient response. The adjust- 
ment terminal can be bypassed to achieve very high ripple 
rejection ratios which are difficult to achieve with stand- 
ard 3-terminal regulators. 


Besides replacing fixed regulators, the LM317L is useful in 
a wide variety of other applications. Since the regulator is 
"floating" 
and sees only the input-to-output 
differential 


voltage, supplies of several hundred volts can be regu- 
lated as long as the maximum input-to-output differential 
is not exceeded. 


Also, it makes an especially simple adjustable SWitching 
regulator, a programmable output regulator, or by connect- 
ing a fixed resistor between the adjustment and output, 
the LM317L can be used as a precision current regulator. 
Supplies with electronic 
shutdown can be achieved by 


clamping the adjustment terminal to ground which pro- 
grams the output to 1.2V where most loads draw little 
current. 


The LM317L is packaged in a standard TO-92 transistor 
package. The LM317L is rated for operation over a - 25°C 
to 125°C range. 


Fully Protected (Bulletproof) 
Lamp Driver 


t 
Optional-improves 
transient 
response 


'* 
Needed If device is far from 
filter capacitors 


ttvour=1.25V (1+~) 


AD~VIN 


VDU':C-/ 


Order Number LM317LZ 
See NS Package Z03A 


Storage 
Temperature 


Lead Temperature 
(Soldering, 
10 seconds) 


-55°Cto 
+150°C 


300°C 


Load 
Regulation 


Thermal 
Regulation 


Adjustment 
Pin Current 


Adjustment 
Pin Current 
Change 


Line Regulation 


Load 
Regulation 


Temperature 
Stability 


Minimum 
Load Current 


Rms Output 
Noise, 
% of VOUT 


Ripple 
Rejection 
Ratio 


TA= 25°C, 3V:s (VIN-VOUT):S 40V, 
(Note 2) 


TA=25°C, 
5 mA:s 'ouT:S IMAX, (Note 2) 


TA= 25°C, 
10 ms Pulse 


5 mA:s 'L:s 100 mA 


3V:s (VIN-VOUT):S 40V, P:s 625 mW 


3V :s(VIN-VOUT):s40V, 
(Note 
3) 


5 mA:s 'OUT:S100 mA, P:s625 
mW 


3V:s (VIWVOUT):S 40V, (Note 
2) 


5 mA:s 'OUT:S100 mA, (Note 
2) 


TMIN:Slj:sTMAX 


(VIN-VOUT):S 40V 
3V:s (VIN-VOUT):S 15V 


3V :s(VIN-VOUT):S 13V 


(VIN-VOUT) = 40V 


TA= 25°C, 10 Hz:s f:s 10 kHz 


VOUT= 10V, f = 120 Hz, CADJ = 0 


CADJ = 10 I'F 


Tj = 125°C, 1000 Hours 


Note 1: Unless otherwise 
specified, 
these specifications 
apply 
-25°C::sTp;12S"C 
for the LM317L; VtN-VOUT=5V 
and IOUT=40 
mA. Although power 
dissipation 
is internally limited, these specifications 
are applicable 
for power dissipations 
up to 625 mW. IMAX is 100 mA. 


Note 2: Regulation is measured at constant junction temperature, 
using pulse testing with a low duty cycle. Changes in output voltage due to heating effects 
are covered under the specification 
for thermal regulation. 


Note 3: Thermal resistance of the TO·92 package is 180"CJW 
junction to ambient with 0.4 " leads from a PC board and 160°C/W 
junction to ambient with 0.125· 


lead length 
to PC board. 
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Typical Performance Characteristics (Output capacitor = 0 JLF unless otherwise noted.) 


Load Regulation 
Current Limit 
Adjustment Current 


0.1 
0.3 
60 


g 
2 
0 
:< 
55 
V;.;;; 
0 
Il = O.lA 
2- 
~ 
-- _I- 
5 
Ti = 25"C 
-.. 
•... 


-0.1 
•... 
0.2 
2 


~ 


2 
:=l 
"- 


w 
.- 
\.. 
'" 
50 
'" 
'" 
/ 
-0.2 
'" 
~ 


d 
~ 
U 
.. 
u 
~ 
Tj'" 
125°C 
2 
45 


~ 
_YIN'" 
15V 


•... 
a:: 
, 
~ 


-0.3 
~ 


0.1 
~ 
, 


•... 
VtUY 
',V 
~ 
ci 
~ 
40 
•... 
-0.4 
."" 
.. 
~ 
T( 
-~5'C 
0 


-0.5 
0 
35 


-75-50 -25 0 
25 
50 
75 
100125 
150 
0 
10 
20 
30 
40 
-75 
-50 
-25 
0 
25 50 75 100125 150 


TEMPERATURE 
C'CI 
INPUT·OUTPUT 
DIFFERENTIAL 
(V) 
TEMPERATURE 
rCI 


Reference Voltage 
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Load Transient Response 
Thermal Regulation 
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III 


In 
operation, 
the 
LM317L 
develops 
a 
nominal 
1.25V 
reference 
voltage, 
VREF, between 
the output 
and adjust- 
ment terminal. 
The reference 
voltage 
is impressed 
across 
program 
resistor 
Rl and, since the voltage 
is constant, 
a 
constant 
current 
11 then 
flows 
through 
the output 
set 
resistor 
R2, giving an output 
voltage 
of 


VOUT= VREF 
1 + R2 
'l-IADJR2 
Rl 


Since 
the 
100 p.A current 
from 
the adjustment 
terminal 
represents 
an error term, the LM317L was designed to min· 
imize IADJ and make it very constant 
with 
line and load 
changes. 
To do this, 
all quiescent 
operating 
current 
is 
returned 
to the output 
establishing 
a minimum 
ioad cur· 
rent requirement. 
If there is insufficient 
load on the output, 


the output 
will rise. 


T 


External 
Capacitors 


An input 
bypass 
capacitor 
is recommended 
in case the 
regulator 
is more than 6 inches away from the usual large 
filter 
capacitor. 
A 0.1 p.Fdisc or 1 p.Fsolid tantalum 
on the 
input 
is suitable 
input 
bypassing 
for almost 
all applica- 
tions. The device is more sensitive 
to the absence of input 
bypassing 
when 
adjustment 
or output 
capacitors 
are 
used, but the above values will eliminate 
the possibility 
of 
problems. 


The adjustment 
terminal 
can be bypassed 
to ground 
on 
the LM317L 
to improve 
ripple 
rejection 
and noise. 
This 
bypass 
capacitor 
prevents 
ripple 
and noise 
from 
being 
amplified 
as the output 
voltage 
is increased. 
With a 10 p.F 
bypass 
capacitor 
80 dB ripple 
rejection 
is obtainable 
at 
any output 
level. Increases 
over 10 p.Fdo not appreciably 
improve the ripple rejection 
at frequencies 
above 120 Hz. If 
the bypass capacitor 
is used, it is sometimes 
necessary 
to 
include 
protection 
diodes 
to prevent 
the capacitor 
from 
discharging 
through 
internal 
low current 
paths and dam- 
aging the device. 


In general, 
the 
best 
type 
of capacitors 
to use is sol id 
tantalum. 
Solid tantalum 
capacitors 
have low impedance 
even at high frequencies. 
Depending 
upon capacitor 
con- 
struction, 
it takes about 25 p.F in aluminum 
electrolytic 
to 
equal 
1 p.F solid 
tantalum 
at high frequencies. 
Ceramic 
capacitors 
are also good at high frequencies; 
but some 
types have a large decrease 
in capacitance 
at frequencies 
around 0.5 MHz. For this reason, a 0.01 p.Fdisc may seem 
to work better than a 0.1 p.Fdisc as a bypass. 


Although 
the LM317L is stable with no output 
capacitors, 


like 
any 
feedback 
circuit, 
certain 
values 
of 
external 
capacitance 
can 
cause 
excessive 
ringing. 
This 
occurs 
with 
values 
between 
500 pF and 5000 pF. A 1 p.F solid 
tantalum 
(or 25 p.F aluminum 
electrolytic) 
on the output 
swamps 
this effect 
and insures 
stability. 


Load Regulation 


The LM317L is capable 
of providing 
extremely 
good load 
regulation 
but a few 
precautions 
are needed 
to obtain 
maximum 
performance. 
The 
current 
set 
resistor 
con- 
nected 
between 
the adjustment 
terminal 
and the output 
terminal 
(usually 2400) should be tied directly 
tothe 
output 
of the regulator 
rather than near the load. This eliminates 
line drops 
from 
appearing 
effectively 
in series 
with 
the 
reference 
and degrading 
regulation. 
For example, 
a 15V 
regulator 
with 0.050 resistance 
between the regulator 
and 
load will 
have a load regulation 
due to line resistance 
of 
0.050 x IL. If the set resistor 
is connected 
near the load the 
effective 
line resistance 
will be 0.050 (1 + R2/Rl) or in this 
case, 11.5 times worse. 


Figure 
2 shows 
the 
effect 
of 
resistance 
between 
the 
regulator 
and 2400 set resistor. 


With the TO-92 package, 
it is easy to minimize 
the resist- 
ance 
from 
the 
case 
to 
the 
set 
resistor, 
by 
using 
two 
separate 
leads to the output 
pin. The ground of R2 can be 
returned 
near the ground 
of the load to provide 
remote 
ground 
sensing 
and improve 
load regulation. 


FIGURE 
2. 
Regulator 
with Line Resistance 
in Output 
Lead 


Thermal 
Regulation 


When 
power 
is dissipated 
in an IC, a temperature 
gradient 
occurs 
across 
the 
IC chip 
affecting 
the individual 
IC cir- 
cuit 
components. 
With 
an IC regulator, 
this 
gradient 
can 
be especially 
severe 
since 
power 
dissipation 
is 
large. 


Thermal 
regulation 
is the effect 
of these temperature 
gra- 
dients 
on output 
voltage 
(in percentage 
output 
change) 
per watt 
of 
power 
change 
in a specified 
time. 
Thermal 
regulation 
error 
is independent 
of electrical 
regulation 
or 
temperature 
coefficient, 
and occurs 
within 
5 ms to 50 ms 
after 
a change 
in power 
dissipation. 
Thermal 
regulation 
depends 
on IC layout 
as well as electrical 
design. 
The ther- 


mal 
regulation 
of a voltage 
regulator 
is defined 
as the 
percentage 
change 
of VOUT,per watt, within 
the first 
10 ms 
after a step of power 
is applied. 
The LM317L 
specification 
is 0.2%/W, 
maximum. 


In the Thermal 
Regulation 
curve at the bottom 
of page 3, a 


typical 
LM317L's 
output 
changes 
only 
7 mV (or 0.07% 
of 
VOUT= -10V) 
when 
a 1W pulse 
is applied 
for 10 ms. This 


performance 
is thus 
well 
inside 
the specification 
limit 
of 
0.2%/W 
x 1W = 0.2% 
maximum. 
When 
the 
1W pulse 
is 


ended, the thermal 
regulation 
again shows 
a 7 mV change 
as the gradients 
across 
the LM317L chip die out. Note that 


the 
load 
regulation 
error 
of about 
14 mV (0.14%) 
is addi- 
tional 
to the thermal 
regulation 
error. 


Protection 
Diodes 


When external 
capacitors 
are used with any IC regulator 
it 
is sometimes 
necessary 
to add protection 
diodes 
to pre- 


vent the capacitors 
from 
discharging 
through 
low current 


points 
into the regulator. 
Most 
10 /LF capacitors 
have low 


enough 
internal 
series 
resistance 
to deliver 
20A spikes 


when shorted. 
Although 
the surge is short, there is enough 
energy 
to damage 
parts 
of the IC. 


When an output 
capacitor 
is connected 
to a regulator 
and 
the input 
is shorted, 
the output 
capacitor 
will discharge 
in- 


to 
the 
output 
of 
the 
regulator. 
The 
discharge 
current 
depends 
on the value 
of the capacitor, 
the output 
voltage 


of the 
regulator, 
and 
the 
rate 
of decrease 
of V1N• 
In the 


LM317L, 
this 
discharge 
path 
is through 
a large 
junction 
that 
is able to sustain 
a 2A surge 
with 
no problem. 
This is 


not true of other 
types 
of positive 
regulators. 
For output 
capacitors 
of 25 /LF or less, the LM317L's 
ballast 
resistors 


and 
output 
structure 
limit 
the 
peak 
current 
to 
a 
low 


enough 
level so that 
there 
is no need to use a protection 
diode. 


The 
bypass 
capacitor 
on 
the 
adjustment 
terminal 
can 
discharge 
through 
a 
low 
current 
junction. 
Discharge 


occurs 
when either the input or output 
is shorted. 
Internal 
to the LM317L 
is a 50n resistor 
which 
limits 
the peak dis- 


charge 
current. 
No protection 
is needed 
for output 
volt- 
ages of 25Vor 
less and 10 /LF capacitance. 
Figure 3 shows 
an LM317L 
with 
protection 
diodes 
included 
for use with 
outputs 
greater 
than 
25V 
and 
high 
values 
of 
output 
capacitance. 


VOUT 


C1 
T 


VOUT= 1.25V (1 + ~ ) 
+ R2IADJ 


01 protects against Cl 


02 protects against C2 


Adjustable Regulator with Improved 
Ripple Rejection 


tSolid tantalum 


*Oischarges 
C1 if output 
is shorted 
to ground 


r-----,+ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
ITRANSFORMER. I 
I =~gT~i~~~~ 
I 
I 
CAPACITOR 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L.. 
.• 


VOUT= 1.250V (if .1) 


Short circuit 
current 
is approximately 
600 mV/R3, or 60 mA 
(compared 
to lM317LZ's 
200 mA current 
limit). 


At 25 mA output 
only 3/4V of drop occurs 
in R3 and A4. 


OV-30V Regulator 


lM317l 


Adjusting Multiple On-Card Regulators 
with Single Control" 


I 
_______ 
J 


1.2V-12V Regulator with 
Minimum Program Current 


"AlioulpUlswlthln 
± l00mV 


t Minimum load-5 
mA 


50 mA Constant Current Battery Charger 
for Nickel-Cadmium Batteries 


5V Logic Regulator with 
Electronic Shutdown> 


YOUT 
5Y 


C2 
O.l~F 


TIL 
lk 


> Sets peak current, 
IpEAK = O.6Y/Rl 
* * 1000 I'F is recommended to·fiIter 
out any input transients. 


115y:--311 


L1~ 
-1 


11/8 
AMP, TYPE 8AG 
I FUSE OR CIRCUIT 
8REAKER 
I 
.J 


5k 
OUTPUT 
AOJUST 


01,02: 
NSDl34 or similar 


C1, C2: 1 "F, 200V mylar 


*Heat 
sink 


01,02: 
NSD134 or similar 


Cl, C2: 1 "F, 200V mylar 


* Heat sink 


Cl 
T'· O•F 


LM317L 


ADJ 


VOUT 
1.2V TO 
160V@25mA 


R7 
2.7 


VOUT 
SV TO 
160V@25mA 


RS 
2.7 


R6 
1k 
C2 
T1.O•F 


R7 
20k 
VOLTAGE 
5W 
ADJUST 


IT 


GND 


R2 -1.. _~_.. 
10k" 
1 MF TANTALUM 


Al = LM301A, LM307, or LF13741 only 


R1, R2-matched 
resistors with good Te tracking 


-If 
VOUT is 23.08V or higher, cut out R3 (if lower, don't 


cut it out). 


- 
Then if Your is 22.47V or higher, cut out R4 (if lower, 
don't). 


- 
Then 
if Your 
is 22.16V or higher, cut out R5 (if lower, 


don't). 


This 
will 
trim 
the output 
to well 
within 
± 1% 
of 
22.00 Voe, 
without 
any of the expense 
or uncertainty 
of 


a trim pot (see LB-46). Of course, 
this technique 
can be 


used at any output 
voltage 
level. 


Precision Reference with Short-Circuit· 
Proof Output 


H+ 
rI 
6.95V 
IIIIIL 
H- 


~National 
~ 
Semiconductor 


LM320ULM320ML 
Series 


3-Terminal Negative Regulators 


The 
LM320LlLM320M 
L series of 
3-terminal 
negative 
voltage regulators features fixed output voltages of -5V, 
-12V, 
and 
-15V, 
with 
output 
current 
capabilities 
in 
excess of 100 mA, for the LM320L 
series, and 250 mA 
for 
the 
LM320M L series. These devices were designed 
using the latest computer 
techniques for optimizing 
the 
packaged 
IC 
thermal/electrical 
performance. 
The 
LM320LlLM320M 
L series, even when combined with 
a 
minimum 
output 
compensation 
capacitor 
of 
0.1 !J.F, 


exhibits 
an excellent 
transient 
response, a maximum 


line regulation 
of 
0.07% VON, 
and a maximum 
load 


regulation of 0.01% Vo/mA. 


The 
LM320LlLM320M 
L series also includes, 
as self- 
protection 
ci rcuitry: 
safe operating 
area ci rcuitry 
for 
output 
transistor 
power dissipation 
limiting, 
a tempera- 


ture 
independent 
short 
circuit 
current 
limit 
for 
peak 
output 
current 
limiting, 
and a thermal shutdown circuit 


to 
prevent 
excessive junction 
temperature. 
Although 


designed 
primarily 
as fixed 
voltage 
regulators, 
these 
devices may be combined with simple external circuitry 
for boosted and/or adjustable voltages and currents. The 
LM320L 
series is available in the 3-lead TO-92 package, 


and 
the 
LM320ML 
series is available 
in 
the 
3-lead 
TO-202 package. 


Order Numbers: 


For Tab Bend TO-202 
Order Numbers: 


LM320MLP-5.0 
TB 
LM320MLP-12 
TB 
LM320MLP-15 
TB 
See Package P03E 


LM320M Lp·5.0 
LM320MLP-12 
LM320MLP-15 


Voltage Regulators 


For output 
voltages other than -5V, 
-12V 
and -15V, 


the 
LM 137 
series provides 
an output 
voltage 
range 


from -1.2V to -47V. 


• 
Preset output 
voltage error is lessthan ±5% over load, 


line and temperature 


• 
LM320L 
is specified at an output 
current of 100 mA 


• 
LM320M L is specified at an output current of 250 mA 


• 
Internal short-circuit, 
thermal and safe operating area 


protection 


• 
Easily adjustable to higher output voltages 


• 
Maximum 
line 
regulation 
less than 0.07% VOUTN 


• 
Maximum 
load regulation less than 0.01% VOUT/mA 


• 
Easily 
compensated 
with 
a small 
0.1 
flF 
output 


capacitor 


RATED 
POWER 
DISSIPATION 


7.5W 


0.6W 


DESIGN 
OUTPUT 


CURRENT 


0.25A 


O.lA 


LM320ML 


LM320L 


TO-202 


TO-92 


GN~UTPUT 


INPU~ 


LM320LZ-5.0 
LM320LZ-12 
LM320LZ-15 


IIIt-'U~ 
YVHal!:";;' 


VOUT= -5V 
12V and 15V 
-35V 


Internal Power Dissipation 


(Notes 1and 3) 
Internally Limited 


Operating Temperature Range 
O'Cto + 70'C 


Maximum Junction Temperature 
+ 125'C 


Storage Temperature Range 


Molded TO-92 
-55'Cto 
+150'C 


Molded TO-202 
-55'Cto 
+150'C 
Lead 
Temperature 


(Soldering, 10seconds) 
300'C 


Electrical Characteristics LM320ML 
(Note 2) TA = O'C to + 70'C unless otherwise noted. 


OUTPUT 
VOLTAGE 
- SV 
-12V 
-1SV 


INPUT VOLTAGE 
(unless 
otherwise 
noted) 
-10V 
-17V 
- 20V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
Tj = 2S'C, 
10 = 250 mA 
-5.2 
-5 
-4.8 
-12.5 
-12 
-11.5 
-15.6 
-15 
-14.4 


1 mA <; 10 <; 250 mA 
-5.25 
- 4.75 
-12.6 
- 11.4 
-15.75 
-14.25 
V 


(VMIN 
<; VIN <; VMAX) 
(-20<; 
VIN <; -7.5) 
(-27 
<; VIN <; -14.8) 
(-30<; 
VIN <; -18) 


6VO 
Line 
Regulation 
Tj = 25 'C, 
10 = 250 mA 
50 
40 
40 
mV 


(VMIN 
<; VIN <; VMAX) 
(- 
25 <; VIN <; -7.3) 
(-30<; 
VIN <; -14.6) 
(-30<; 
VIN <; 17.7) 
V 


6VO 
Load 
Regulation 
Tj = 25'C 
50 
120 
150 
mV 


1 mA <; 10 <; 250 mA 


6VO 
Long Term 
Stability 
10 =250 
mA 
20 
48 
60 
mV/khr 


IQ 
Quiescent 
Current 
10 =250 
mA 
2 
6 
2 
6 
2 
6 
mA 


61Q 
Quiescent 
Current 
1 mA <; 10 <; 250 mA 
03 
0.3 
0.3 
mA 
Change 
10=250 
mA 
0.25 
0.25 
0.25 


(VMIN 
<; VIN <; VMAX) 
(-20<; 
VIN<; 
-7.5) 
(- 27 <; VIN <; - 14.8) 
(- 
30 <; VIN <; -18) 
V 


Vn 
Output 
Noise 
Voltage 
Tj = 25 'C, 
10 = 250 mA 
40 
100 
120 
"V 


f = 10 Hz-l0 
kHz 


6VIN 
Ripple 
Rejection 
Tj = 25 ·C. 10 = 250 mA 
54 
56 
54 
dB 


6VO 
f=120Hz 


Input 
Voltage 
Required 
Tj = 25'C 
-7.3 
-14.6 
-17.7 
V 
to Maintain 
Line 
10 =250 
mA 


Regulation 


Note 
1: Thermal 
resistance 
of fhe TO·202 
Package 
(P) without 
a heat 
sink 
is 12'C/W 
junction 
to case 
and 70'C/W 
case 
to ambient. 


Note 
2: To ensure 
constant 
junction 
temperature, 
low duty 
cycle 
pulse 
testing 
is used. 


Note 
3: Thermal 
resistance, 
junction 
to ambient, 
of the TO-92 (Z) Package 
is 180 °C/W when mounted 
with 
0.40 inch leads on a PC board, 
and 


160'C/W 
when 
mounted 
with 
0.25 inch 
leads 
on a PC board. 


." .-..., 
CO 
S:C: 
r- 
en 
CD~. 
CD 
(J) 


Electrical Characteristics LM320L 
(Note 4) TA =O"C to + 70"C unless otherwise noted. 


OUTPUT VOLTAGE 
-5V 
-12V 
-15V 


INPUT VOLTAGE 
(unless 
otherwise 
noted) 
-10V 
-17V 
-20V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Oulput 
Voltage 
Tj = 25"C, 
10 = 100 mA 
-5.2 
-5 
-4.8 
-12.5 
-12 
-11.5 
-15.6 
-15 
-14.4 


1mA" 
10" 
100 mA 
-5.25 
-4.75 
-12.6 
-11.4 
-15.75 
-14.25 


VMIN" 
VIN " 
VMAX 
(-20 
•• VIN" 
-7.5) 
(-27" 
VIN" 
-14.8) 
(-30" 
VIN" 
-18) 
V 


1 mA" 
10" 
40 mA 
-5.25 
-4.75 
-12.6 
-11.4 
-15.75 
-1425 


VMIN" 
VIN " 
VMAX 
(-20"VIN"-7) 
(-27" 
-14.5) 
(-30" 
VIN" 
-17.5) 


fiVO 
Line Regulation 
Tj = 25"C, 
10 = 100 mA 
60 
45 
45 
mV 


VMIN" 
VIN •• VMAX 
(-20" 
VIN" 
-7.3) 
(- 27~ VIN" 
-14.6) 
(-30" 
VIN" 
-17.7) 
V 


Tj=25"C,10=40mA 
60 
45 
45 
mV 


VMIN" 
VIN " 
VMAX 
(-20"VIN"-7) 
(-27~ 
VIN" 
-14.5) 
(-30" 
VIN" 
-17.5) 
V 


fiVO 
Load 
Regulation 
Tj = 25"C 
50 
100 
125 
mV 


1 mA" 
10" 
100 mA 


fiVO 
Long Term Stability 
10= 
100 mA 
20 
48 
60 
mV/khr 


IQ 
Quiescent 
Current 
10=100mA 
2 
6 
2 
6 
2 
6 
mA 


filQ 
Quiescent 
Current 
1 mA " 
10" 
100 mA 
0.3 
0.3 
0.3 


Change 
mA 
1 mA " 
10 " 
40 mA 
0.1 
0.1 
0.1 


10=100mA 
025 
0.25 
0.25 
mA 


VMIN " 
VIN " 
VMAX 
(-20" 
VIN" 
-7.5) 
(-27" 
VIN" 
-14.8) 
(-30" 
VIN" 
-18) 
V 


Vn 
Output 
Noise 
Voltage 
Tj = 25",10 
= 100 mA 
40 
96 
120 
"V 
t = 10 Hz-10 
kHz 


fiVIN 
Ripple 
Rejection 
Tj = 25"C. 
10 = 100 mA 
50 
52 
50 
dB 


fiVO 
f=120Hz 


Input 
Voltage 
Tj =25" 


Required 
to Maintain 
10=100mA 
-7.3 
-14.6 
-17.7 
V 
Line Regulation 
10=40 
mA 
-7.0 
-14.5 
-17.5 


Note 4: To ensure constant 
junction 
temperature, 
low duty cycle pulse testing 
is used. 


Maximum 
Average 
Power 
Dissipation 
(TO-202) 


30 


20 


INFlNI~EHEAi SINK 


-+-- 


2 
~ATSINK:---- 


D .• 
0.3 
0 
15 
30 
.5 
60 
75 


AMBIENT 
TEMPERATURE 
( Cl 


Short-Circuit 
Output 


Current 


0.6 


lM310Ml 
~~ 
0.5 


T;, 115c(VY--r----,"""" 
~ 
>- 
D .• 
__ 
Tj,25 c. 


z 
Tj'O C/ 
~~ 
0.3 
Tj"O 
C_ 
~ 


>- 
lM3jOl ~ aTj'25C 
~ 
0.2 
~T"'25 
C 
>- 
~., 
~ 
c 
0.1 


VOU~' ov 
0 
0 
-5 
-10 
-15 
-20 
-25 
-30 
-35 


INPUT VOL TAGE (VI 


Dropout 
Voltage, 
LM320L 
-5V 


;;;, -2.0 


~ 
c; 
>-~ 
>-~ 
C 


~ 


~=lDOmA- 
--... 


lOUT:: 
0 mA 


Output 
Voltage 
vs. 


Temperature 
(Normalized 
to 
1V 
at Tj = 25°C) 


vOUT' -8V TO-2'V I 


~ 


~ 
~1.000 
~ 
~O.990 
~.. 
~ 
1.010 
,. 


>- 
!:!>... 


~l.DOO 


0.990 
Your" 
-5V. 
6V 


Maximum 
Average 
Power 
Dissipation 
(TQ.92) 
Peak 
Output 
Current 
1.0 
lM320L - 
0.125" LEAD lENGTH 
0.5 
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AMBIENT TEMPERATURE 
( C) 
INPUT -OUTPUT 
DIFFERENTIAL 
(V) 


Dropout 
Voltage, 
LM320ML, 
Dropout 
Voltage, 
LM320ML, 


-5V 
-12V 
and 
-15V 
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~ 
.j,~OUT" 
;00 mV 
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100 mV 
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75 
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0 
25 
50 
75 
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125 


JUNCTION TEMPERATURE 
( C) 
JUNCTION TEMPERATURE 
( C) 


Dropout 
Voltage, 
LM320L 


~ 


-12V 
and 
-15V 
Ripple 
Rejection 


-2.5 
80 g 
.. 
..wOUl" 
100 mV 
Your'" -BY 
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I 


lOUT:: 100 mA 
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JUNCTION TEMPERATURE 
1 Cl 
FREOUENCY (Hz) 


Output 
Impedance 


10.0 


S 


V'N' -10V,t:±.c,~ 
u 
1.0 
VOUT" 
-5V 
z 
lOUT" 
100 mA (lM320Ml) 
~ 
lOUT" 
50 mA (lM320l) 


~ 
TA" 
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>- 
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>- 
Z~~ 
::J 
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>-z 
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d 


- 


-12V 
and -15V 
LM320ML 
(LM320L) 


*Required 
if the regulator 
is located far from 
the power 
supply 
filter. 
A 1 pF aluminum 
electrolytic 
may be substituted. 


**Required 
for stability. 
A 1 IJF aluminum 
electrolytic 
may 


be substituted. 


-Va 
= -5V 
- 15V/R1 + 101 . R2, 


5V/R1 > 3 10 


o 
~ ~National 
:s ~ 
Semiconductor 
LM330 3-Terminal Positive Regulator 
GeneralDescription 
Features 


The 
LM330 
5V 
3-terminal 
positive 
voltage 
regulator 


features 
an ability 
to source 150 mA of output 
current with 


an 
input-output 
differential 
of 
0.6V 
or 
less. 
Familiar 


regulator 
features 
such as current 
limit and thermal 
over- 
load protection 
are also provided. 


The low dropout 
voltage 
makes the LM330 useful 
for cer- 
tain battery applications 
since this feature allows a longer 
battery discharge 
before the output 
falls out of regulation. 


For 
example, 
a battery 
supplying 
the 
regulator 
input 


voltage 
may discharge 
to 5.6V and still 
properly 
regulate 


the system 
and load voltage. 
Supporting 
this feature, 
the 


LM330 protects 
both 
itself 
and regulated 
systems 
from 


negative 
voltage 
inputs 
resulting 
from 
reverse 
installa- 


tions of batteries. 


Other protection 
features 
include 
line transient 
protection 


up to 26V, when the output 
actually 
shuts 
down to avoid 


damaging 
internal 
and external 
circuits. 
Also, the LM330 


regulator 
cannot 
be harmed 
by a temporary 
mirror-image 


insertion. 


Voltage Regulators 


• 
Input-output 
differential 
less than 0.6V 


• 
Output 
current 
of 150 mA 


• 
Reverse battery 
protection 


• 
Line transient 
protection 


• 
Internal 
short circuit 
current 
limit 


• 
Internal 
thermal 
overload 
protection 


• 
Mirror-image 
insertion 
protection 


• 
100% electrical 
burn-in in the thermal 
limit 


(TO·220) 
Plastic 
Package 


r~====:~~~PUT 
L.LF~=====:::o:INPUT 


Order Number 
LM330T·5.0 
See NS Package 
T03B 


Absolute Maximum Ratings 


Input Voltage 
Operating 
Range 
26V 


Line Transient 
Protection 
(1000 ms) 
40V 


Internal 
Power Dissipation 
Internally 
Limited 


Operating 
Temperature 
Range 
O·Cto 
+ 70·C 


Maximum 
Junction 
Temperature 
+125·C 


Storage Temperature 
Range 
- 65·C to + 150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
+300·C 


Electrical Characteristics (Note 1) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Vo 
Output 
Voltage 
T=25·C 
4.8 
5 
5.2 


V 
Output 
Voltage 
5< 
10< 
150 mA 
4.75 
5.25 
Over Temp 
6 < V1N < 26V; O·C:sTi:s 
100·C 


AVo 
Line Regulation 
9 < V1N < 16V, 
10 = 5 mA 
7 
25 


6 < V1N < 26V, 
10 = 5 mA 
30 
60 
mV 


Load 
Regulation 
5< 
10< 
150 mA 
14 
50 


Long Term Stability 
20 
mV/l000 
hrs 


10 
Quiescent 
Current 
10= 10 mA 
3.5 
7 


10=50 
mA 
5 
11 


10= 150 mA 
18 
40 
mA 


Line Transient 
V1N=40V, 
RL=1000,1 
sec 
14 


Reverse 
Polarity 
V1N= 
-6V, 
RL=1000 
-80 


Ala 
Quiescent 
Current 


6<V1N<26V 
10 
% 
Change 


V1N 
Overvoltage 
Shutdown 
26 
30 
Voltage 


Max Line Transient 
100 ms 
Vo:S 5.5V 
60 
V 
1 sec 
V0:S5.5V 
50 


Reverse 
Polarity 
100 ms 
Yo> 
-0.3V 
RL=1000 
-30 


Input 
Voltage 
DC 
Yo> 
.-0.3V 
RL= 
1000 
-12 


Output 
Noise 
Voltage 
10 Hz-l00 
kHz 
50 
p.V 


Output 
Impedance 
10= 100 mADC + 10 mArms 
200 
mO 


Ripple 
Rejection 
56 
dB 


Current 
Limit 
150 
400 
700 
mA 


Dropout 
Voltage 
10= 
150 mA 
0.32 
0.6 
V 


Thermal 
Resistance 
Junction 
to Case 
4 
·C/W 


Junction 
to Ambient 
50 


Note 1: Unless otherwise 
specified: 
VIN = 14V, 10= 150 mA, Tj = 25°C, Cl =0.1 
ILF, C2 = 10 1lF. All characteristics 
except noise voltage and ripple rejection 
are measured using pulse techniques 
(tw :s 10 ms, duty cycle:s 5%). Output voltage changes due to changes in internal temperature 
must be taken into 
account separately. 


- 


Typical Performance 
Characteristics 
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JUNCTION TEMPERATURE 
(OCI 
OUTPUT CURRENT (mAl 


low 
Voltage 
Behavior 
High 
Voltage 
Behavior 
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Typical Performance 
Characteristics 
(Continued) 


Peak 
Output 
Current 
Quiescent 
Current 
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JUNCTION TEMPERATURE 
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Typical Applications 


The LM330 
is designed 
specifically 
to operate 
at lower 
in- 
reliability 
improved 
through 
lower 
chip 
operating 
put to output 
voltages. 
The device 
is designed 
utilizing 
a 
temperature. 
Also, 
a cost 
savings 
can be utilized 
through 
power 
lateral 
PNP 
transistor 
which 
reduces 
dropout 
use of lower 
power/voltage 
components. 
In applications 
voltage 
from 2.0V to O.3V when 
compared 
to Ie regulators 
utilizing 
battery 
power, 
the 
LM330 
allows 
the 
battery 
using 
NPN pass transistors. 
Since the LM330 can operate 
voltage 
to drop to within 
O.3V of output 
voltage 
prior to the 
at a much 
lower 
input 
voltage, 
the device 
power 
dissipa- 
voltage 
regulator 
dropping 
out of regulation. 


tion 
is reduced, 
heat 
sinking 
can 
be simpler 
and device 


50 
/ 
....•...••• 


lM33D 
'" 
VIN 
VOUT 
40 / 
1"\ 
UNREGULATED 
VIN 
VOUT 
REGULATED 
g 
INPUT 
GNO 
OUTPUT 


Cl" 


~IQ 


+ 
C2** 
c 
30 
'\ 
01J 
J 


1O 


"F 


>;:; 


lX 
20 
~ 


'Required 
if regulator 
is located 
far 
10 


from power supply filter. 


• 'C2 may be either an Aluminum 
or 
0 
0 
50 
100 
150 


Tantalum 
type capacitor 
but must be 


rated to operate 
at -40°C to guarantee 
lOUT 
(mAl 


regulator 
stability 
to that temperature 


extreme. 
10"F is the minimum 
value 


required for stability 
and may be 
increased 
without 
bound. Locate as 
Note: Compared to IC regulator 
with 2.0V dropout 
close as possible 
to the regulation. 
voltage and lOmax. =6.0 mA. 


Dropout 
Voltage: The input-output 
voltage 
differential 
at 
which 
the 
circuit 
ceases 
to 
regulate 
against 
further 


reduction 
in input 
voltage. 
Measured 
when 
the output 


voltage 
has 
dropped 
100 mV from ·the 
nominal 
value 
obtained 
at 14V input, dropout 
voltage is dependent 
upon 


load current 
and junction 
temperature. 


Input 
Voltage: 
The DC voltage 
applied 
to the input 
ter- 


minals 
with 
respect 
to ground. 


Input-Output 
Differential: 
The voltage difference 
between 


the unregulated 
input 
voltage 
and the regulated 
output 


voltage 
for which 
the regulator 
will operate. 


Line 
Regulation: 
The 
change 
in output 
voltage 
for 
a 
change 
in the input 
voltage. The measurement 
is made 
under 
conditions 
of low dissipation 
or by using 
pulse 


techniques 
such that the average chip temperature 
is not 


significantly 
affected. 


Load 
Regulation: 
The change 
in output 
voltage 
for a 


change 
in load current 
at constant 
chip temperature. 


Long 
Term 
Stability: 
Output 
voltage 
stability 
under 


accelerated 
life-test 
conditions 
after 
1000 hours 
with 
maximum 
rated voltage 
and junction 
temperature. 


Output 
Noise Voltage: The rms AC voltage 
at the output, 


with constant 
load and no input ripple, measured 
over a 


specified 
frequency 
range. 


Quiescent 
Current: That part of the positive 
input current 


that does not contribute 
to the positive 
load current. The 


regulator 
ground 
lead current. 


Ripple 
Rejection: 
The ratio of the peak-to-peak 
input rip- 


ple voltage 
to the peak-to-peak 
output 
ripple 
voltage. 


Temperature 
Stability 
of Vo: The percentage 
change 
in 


output 
voltage 
for 
a 
thermal 
variation 
from 
room 


temperature 
to either 
temperature 
extreme. - 


~National 
~ 
Semiconductor 
Voltage Regulators 


PRELIMINARY 


LM337L 3-Terminal Adjustable 
Regulator 


General Description 


The LM337L 
is an adjustable 
3-terminal 
negative 
voltage 


regulator 
capable 
of supplying 
100 mA over a 1.2V to 37V 


output 
range. 
It is exceptionally 
easy to use and requires 


only two external 
resistors 
to set the output 
voltage. 
Fur- 
thermore, 
both 
line 
and 
load 
regulation 
are better 
than 


standard 
fixed 
regulators. 
Also, 
the LM337L 
is packaged 


in a standard 
TO·92 transistor 
package 
which 
is easy to 


use. 


In addition 
to higher 
performance 
than 
fixed 
regulators, 


the LM337L offers 
full overload 
protection. 
Included 
on the 


chip 
are 
current 
limit, 
thermal 
overload 
protection 
and 


safe 
area 
protection. 
All 
overload 
protection 
circuitry 


remains 
fully 
functional 
even if the adjustment 
terminal 
is 


disconnected. 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Guaranteed 
100 mA output 
current 


• 
Line regulation 
typically 
0.01 %N 


• 
Load 
regulation 
typically 
0.1 % 


• 
Current 
limit 
constant 
with 
temperature 


• 
Eliminates 
the need to stock 
many voltages 


• 
Standard 
3-lead transistor 
package 


• 
80 dB ripple 
rejection 


Normally, 
only a single 
11'F solid 
tantalum 
output 
capaci- 
tor 
is needed 
unless 
the device 
is situated 
far from 
the 


input 
filter 
capacitors, 
in which 
case 
an input 
bypass 
is 


needed. 
A larger output 
capacitor 
can be added to improve 


transient 
response. 
The adjustment 
terminal 
can 
be by- 
passed 
to achieve 
very high 
ripple 
rejection 
ratios 
which 


are difficult 
to achieve 
with standard 
3·terminal 
regulators. 


Besides 
replacing 
fixed 
regulators, 
the LM337L 
is useful 


in a wide variety 
of other 
applications. 
Since 
the regulator 


is "floating" 
and sees only the input-to-output 
differential 


voltage, 
supplies 
of several 
hundred 
volts 
can 
be regu- 


lated as long as the maximum 
input-to-output 
differential 
is not exceeded. 


Also, 
it makes 
an especially 
simple 
adjustable 
switching 


regulator, 
a programmable 
output 
regulator, 
or by connect- 


ing a fixed 
resistor 
between 
the adjustment 
and output, 


the LM337L 
can be used as a precision 
current 
regulator. 


Supplies 
with 
electronic 
shutdown 
can 
be achieved 
by 


clamping 
the 
adjustment 
terminal 
to ground 
which 
pro- 


grams 
the 
output 
to 
1.2V where 
most 
loads 
draw 
little 


current. 


The LM337L 
is packaged 
in a standard 
TO-92 transistor 


package. 
The LM337L 
is rated for operation 
over a - 2SoC 


to + 12SoC range. 


For applications 
requiring 
greater 
output 
current 
in ex- 


cess 
of O.SA and 1.SA, see LM137 series 
data 
sheets. 
For 


the 
positive 
complement, 
see series 
LM117 and 
LM317L 


data 
sheets. 


AO~VIN 
vou><:-/ 


BOTTOM 
VIEW 


Order 
Number 
LM337LZ 
See NS Package 
Z03A 


Typical Applications 


1.2V-25V 
Adjustable 
Regulator 


-VOUT= 
-1.25V (, + ~) 
2400 


tel = 1~Fsolid tantalum 
orl0#J.F aluminum 
electrolytic 
re- 


quired for stability 


·C2 = 1 JlF solid tantalum is required only if regulator is 
more than 4- from power supply filter capacitor 


+ 
1 pF 
SOLID 
TANTALUM 


Trim Procedure: 
-If 
Your 
is - 23.08V or bigger, cut out R3 (if smaller, 
don't 


cut it out). 


- 
Then if Your is - 22.47V or bigger, cut out R4 (if smaller, 
don't). 


- 
Then 
if Your is -22.16V 
or bigger, cut out RS (if smaller, 


don·I). 


This will trim the output to well within 1% of - 22.00 VOC, 
without 
any of the expense 
or trouble 
of a trim 
pot (see 


LB·46). Of course, 
this technique 
can be used at any output 
voltage 
level. 


Absolute Maximum Ratings 


Power 
Dissipation 
Internally 
Limited 
Operating 
Junction 
Temperature 
Range 
- 25'C 
to + 125'C 


Input-Output 
Voltage 
Differential 
40V 
Storage 
Temperature 
-55'Cto 
+150'C 


Lead Temperature 
(Soldering, 
10 seconds) 
300'C 


Electrical Characteristics 
(Nole 
1) 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Line 
Regulation 
TA=25'C, 
3V" 
IV'N-VOUTI 
"40V, 
0.01 
0.04 
%N 


(Note 
2) 


Load 
Regulation 
TA= 25'C, 
5 mA" 
lOUT" IMAX, (Note 
2) 
0.1 
0.5 
% 


Thermal 
Regulation 
TA = 25'C, 
10 ms Pulse 
0.04 
0.2 
%/W 


Adjustment 
Pin Current 
50 
100 
"A 


Adjustment 
Pin Current 
Change 
5mA"IL"100mA 
0.2 
5 
"A 
3V" 
IV'N-VOUT I ,,40V 


Reference 
Voltage 
3V" IV'N-VOUT I" 40V, (Note 
3) 
1.20 
1.25 
1.30 
V 


10 mA"loUT" 
100 mA, P,,625 
mW 


Line 
RegUlation 
3V" 
IV'N-VOUT I" 
40V, (Note 
2) 
0.02 
0.07 
%IV 


Load 
Regulation 
5 mA" 
lOUT" 100 mA, (Note 
2) 
0.3 
1.5 
% 


Temperature 
Stability 
TM1N:s Tj S TMAX 
0.65 
% 


Minimum 
Load 
Current 
IV'N-VOUT I" 
40V 
3.5 
5 
mA 


3V" 
IV'N-VOUT I" 
15V 
2.2 
3.5 
mA 


Current 
Limit 
3V" 
IV1N-VOUTI " 13V 
100 
200 
320 
mA 


IV'N-VOUT I = 40V 
25 
50 
120 
mA 


Rms Output 
Noise, 
% of VOUT 
TA=25'C, 
10 Hz"f,,10 
kHz 
0.003 
% 


Ripple 
Rejection 
Ratio 
VOUT= - 10V, f = 120 Hz, CADJ = 0 
65 
dB 


CADJ = 10"F 
66 
80 
dB 


Long·Term 
Stability 
TA= 125'C 
0.3 
1 
% 


Note 
1: Unless otherwise 
specified, 
these specifications 
apply 
-25°C::s::Tj:S 
+125°C 
for the LM337L; 
IV,N-VOUT 
=5V 
and IOUT=40 
mA. 


Although power dissipation 
is internally limited, these specifications 
are applicable 
for power dissipations 
up to 625 mW. IMAX is 100 mA. 


Note 2: Regulation 
is measured at constant junction temperature, 
using pulse testing with a low duty cycle. Changes in output voltage due to 


heating effects are covered under the specification 
for thermal regulation. 


Note 3: Thermal resistance of the TO-92 package is 180·C/W 
junction to ambient with 0.4 "leads from a PC board and 160·C/W junction to ambient 


with 0.125' 
lead length 
to PC board. 


III 


; 
M 
~ 
LM341 Series 3- Terminal Positive Regulators 


General 
Description 


The 
LM341-XX 
series 
of 
three 
terminal 
regulators 
is 
available 
with 
several 
fixed 
output 
voltages 
making 
them 
useful 
in a wide 
range 
of 
applications. 
One 
of these 
is 


local 
on 
card 
regulation, 
eliminating 
the 
distribution 


problems 
associated 
with 
single 
point 
regulation. 
The 
voltages 
available 
allow 
these 
regulators 
to 
be 
used 
in 
logic 
systems, 
instrumentation, 
HiFi, 
and 
other 
solid 


state 
electronic 
equipment. 
Although 
designed 
primarily 
as 
fixed 
voltage 
regulators 
these 
devices 
can 
be 
used 
with 
external 
components 
to obtain 
adjustable 
voltages 
and 
currents. 


The 
LM341-XX 
series 
is available 
in the 
plastic 
TO-202 
package. 
This 
package 
allows 
these 
regulators 
to deliver 


over 
O.5A 
if adequate 
heat 
sinking 
is provided. 
Current 


limiting 
is included 
to 
limit 
the 
peak 
output 
current 
to 
a safe 
value. 
Safe 
area 
protection 
for 
the output 
transis- 
tor 
is 
provided 
to 
limit 
internal 
power 
dissipation. 
If internal 
power 
dissipation 
becomes 
too 
high 
for the 
heat 
sinking 
provided, 
the 
thermal 
shutdown 
circuit 


takes 
over preventing 
the 
IC from 
overheating. 


Considerable 
effort 
was expended 
to make 
the LM341-XX 
series 
of regulators 
easy to use and minimize 
the 
number 
of 
external 
components. 
It is not 
necessary 
to 
bypass 


the output, 
although 
this does improve 
transient 
response. 
Input 
bypassing 
is needed 
only 
if the regulator 
is located 
far from 
the filter 
capacitor 
of the power 
supply. 


For 
output 
voltage 
other 
than 
5V, 
12V 
and 
15V 
the 


LM 117 
series 
provides 
an 
output 
voltage 
range 
from 


1.2V to 57V. 


• 
Output 
current 
in excess 
of O.5A 


• 
Internal 
thermal 
overload 
protection 


• 
No external 
components 
required 


• 
Output 
transistor 
safe area protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Available 
in plastic 
TO-202 
package 


• 
Special 
circuitry 
allows 
start-up 
even 
if output 
is 


pulled 
to negative 
voltage 
(± supplies) 


Order Numbers 
LM341P-5.0 
LM341P-12 
LM341P-15 
See Package 
P03A 


For Tab Bend TO-202 
Order Numbers 
LM341P-5.0 
TB 
LM341P-12 
TB 
LM341P-15 
TB 
See Package P03E 


~ 
-., 
- ., 
yy. 


Internal Power Dissipation (Note 1) 
Internally Limited 
Operating Temperature Range 
O'Cto 
+ 70·C 


Maximum Junction Temperature 
+ 125·C 


Storage Temperature Range 
-65·Cto 
+150·C 


Lead Temperature (Soldering, 10 seconds) 
+ 230·C 


Electrical Characteristics 
TA = O·C to 70·C, 10 = 500 mA, unless otherwise noted. 


OUTPUT 
VOLTAGE 
SV 
12V 
1SV 


INPUT 
VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
Tj = 2SoC 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


PO" 
7.5W,5mA" 
b<;500mA 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


and 
VMIN 
<; VIN <; VMAX 
(7.5 <; VIN <; 20) 
(14.8" 
VIN <; 27) 
(18 <; VIN <; 30) 
V 


6VO 
Line Regulation 
Tj = 25°C, 
10 = 100 mA 
50 
120 
150 
mV 


Tj = 25°C, 
10 = 500 mA 
100 
240 
300 
mV 
(7.2 <; VIN <; 25) 
(14.5 <; VIN <; 30) 
(17.6 <; VIN <; 30) 
V 


6VO 
Load 
Regulation 
Tj=25°C.5mA<;10<; 
500mA 
100 
240 
300 
mV 


6 Vo 
Long 
Term 
Stability 
20 
48 
60 
mV/khrs 


IQ 
Quiescent 
Current 
Tj = 25°C 
4 
10 
4 
10 
4 
10 
mA 


61Q 
Quiescent 
Current 
Tj = 25°C 
0.5 
0.5 
0.5 
mA 
Change 
5 mA <; 10 <; 500 mA 


Tj = 25°C 
, 
, 
1 
mA 


VMIN 
" 
VIN <; VMAX 
(7.5 <; VIN 
" 
25) 
(14.8 <; VIN " 
30) 
(18 <; VIN 
<; 30) 
V 


Vn 
Output 
Noise 
Voltage 
Tj = 25°C, 
1 = 10 Hz -100kHz 
40 
75 
90 
~V 


6VIN 
Ripple 
Rejection 
1=120 
Hz 
78 
71 
69 
dB 


6VOUT 


Input 
Voltage 
Tj = 25°C, 
10 = 500 mA 
7.2 
14.5 
17.6 
V 
Required 
to 
Maintain 
Line 
Regulation 


Note 
1: Thermal 
resistance 
without 
a heat sink for junction 
to case temperature 
is 12 °C/W for the TO-202 package. 
Thermal 
resistance 
for 
case 
to ambient 
temperature 
is 70 °C/W for the TO·202 package. 


- 


Typical Performance Characteristics 


Maximum 
Average 
Power 
Dissipation 
Peak 
Output 
Current 
Ripple Rejection 


30 
I 


1.5 


Tj'Ot 


'00 
IfTTTllllr 
20 
~ - 


I-. 
INFIN:TE 
HEAT 
SINK 
1.25 - 
80 
91[ 


'0 
~ 
z 
- 
0 
~ 
1.0 
z 
~ 
~ 
5 
z 
, 
Tj'25"C 
..........-: 
~ 


0 
'" 


~ 


60 Iii 


WITH 
15 


YCtw 
HEAT 
SliNK --=~ 
'" 


I 


Ei 
:> 
0.75 
~ 
u 
~ 
Q 
2 


~~ 
~ 
Tj'" 
150°C 
........... 
40 
'" 
:> 
~ 
~ 
~ 
0.5 
.......• 


1 - 
:> 
I 


r-........ 
it 
0 
ii' 
20 
VIN - Your 
'" 8 Yat 
-+ J 5 Yrms 


0.25 
lOUT'" 500 mA 
0.5 
Ti '" 25"C 


0.3 
0 
0 
0 
15 
30 
45 
60 
15 
0 
5 
'0 
15 
20 
15 
30 
'0 
'00 
" 
'Ok 
lOOk 


AMBIENT 
TEMPERATURE 
I C) 
INPUT·OUTPUT 
DIFFERENTIAL 
{VI 
FREQUENCY 
(Hz) 


Output Voltage (Normalized 


Ripple Rejection 
Dropout Voltage 
to lV at TJ = 25° C) 


90 
1-120 
Hz 
2.5 


I 
I 


1.015 


'> 
VIN - Your=: 
B Vae 
~ 
~1.010 


+ 3.5 Vrms 
?o 
2our:500mA 
; 
lOUT" 
500 mA 
<r 
- 


<r 
80 
; 
---l--l:: 


~1.005 
z 
Tj '" 25°C 
0 
1.5 
- 
lOUT'" 
250 mA 
~ 
1 •...... 
......... 


~ 


PART'" 
VIN 
-...::L J 


;;;;;;::: 
:> 
•..... 


TO 
lM78M05C, 
10 V 
• 
Q 
~O.995 
.......•.. 


lM78M12C.19V 
~ 
1.0 
lOUT'" 
0.0 mA 
lMT8MI5C.23I; 
:> 
-- 


~O.990 
~ 
"1 
1 
it 
:> 
~O.985 
ii' 
60 
0 
~ 


0.5 
II 
" 


.1VOUT'" 
100 mY 
~O.980 


50 
0 
0.975 


0 
5 
10 
15 
20 
25 
0 
25 
50 
15 
'DO 
125 
150 
0 
25 
50 
75 
'DO 
125 
150 


OUTPUT 
VOLTAGE 
(VI 
JUNCTION 
TEMPERATURE 
reI 
JUNCTION 
TEMPERATURE 
(~C) 


Quiescent 
Current 
Quiescent 
Current 
Output 
Impedance 


6.0 
4.5 
'0 
VOUT" 
5V 
f~IN"10V 
;; 
5.5 
IOUT"5mA 
;; 
I- 


VOUT" 
5V 


.5 
Ti" 
25°C 
.5 
4.0 
-.. 
- 
1.0 
IOUT'250mA~ 
~ 
~ 
r- 
Ti" 
25°C 
z 
5.0 
z 
z 
'" 
'" 
........... 
~ 
'" 
'" 
7 
"1 
l 
:> 
4.5 
:> 
3.5 


~ 
~ 


u 
~ 
D.' 
f-- 
~ 
- 


z 
~ 
4.0 
u 
:> 
If 
~ 
~~ 
/ 
:; 
g 
3.0 
VIN" 
10V 
:> 
0.01 
0 
0 
3.5 
VOUT" 
5V 


lOUT" 
5mA 


3.0 
2.5 
O.UOl 
5 
'0 
15 
20 
25 
30 
35 
0 
25 
50 
75 
'DO 
125 
150 
10 
'DO 
1k 
'Ok 
lOOk 
1M 


INPUT 
VOL TAGE 
(V) 
JUNCTION 
TEMPERATURE 
(OCI 
FREQUENCY 
(Hz) 


Voltage 
Regulators 
~National 
~ 
Semiconductor 


LM342 Series 3·Terminal Positive Regulators 


The 
LM342·XX 
series 
of 
three 
terminal 
regulators 
is 


available 
with 
several 
fixed 
output 
voltages 
making 
them 


useful 
in a wide 
range 
of 
applications. 
One 
of these 
is 
loca~ 
on 
card 
regulation, 
eliminating 
the 
distribution 


problems 
associated 
with 
single 
point 
regulation. 
The 
voltages 
available 
allow 
these 
regulators 
to 
be 
used 
in 


logic 
systems, 
instrumentation, 
HiFi, 
and 
other 
solid 


state 
electronic 
equipment. 
Although 
designed 
primarily 


as 
fixed 
voltage 
regulators 
these 
devices 
can 
be 
used 


with 
external 
components 
to obtain 
adjustable 
voltages 
and 
currents. 


The 
LM342-XX 
series 
is available 
in the 
plastic 
TO·202 


package. 
This 
package 
allows 
these 
regulators 
to deliver 


over 
O.25A 
if adequate 
heat 
sinking 
is provided. 
Current 
limiting 
is included 
to 
limit 
the 
peak 
output 
current 
to 


a safe 
value. 
Safe 
area 
protection 
for 
the output 
transis· 


tor 
is provided 
to 
limit 
internal 
power 
dissipation. 
If 


internal 
power 
dissipation 
becomes 
too 
high 
for 
the 


heat 
sinking 
provided, 
the 
thermal 
shutdown 
circuit 


takes 
over preventing 
the 
IC from 
overheating. 


Considerable 
effort 
was expended 
to make the LM342·XX 


series 
of regulators 
easy to use and minimize 
the 
number 


of 
external 
components. 
It is not 
necessary 
to 
bypass 


the output, 
although 
this does improve 
transient 
response. 


Input 
bypassing 
is needed 
only 
if the 
regulator 
is located 


far from 
the filter 
capacitor 
of the 
power 
supply. 


For 
output 
voltage 
other 
than 
5V, 
12V 
and 
15V 
the 


LM 117 
series 
provides 
an 
output 
voltage 
range 
from 


1.2V to 57V. 


• 
Output 
current 
in excess 
of O.25A 


• 
Internal 
thermal 
overload 
protection 


• 
No external 
components 
required 


• 
Output 
transistor 
safe area protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Available 
in plastic 
TO·202 
package 


• 
Special 
circuitry 
allows 
start-up 
even 
if output 
is 


pulled 
to negative 
voltage 
(± supplies) 


Voltage 
Range 


LM342·5.0 
5V 
LM342·12 
12V 
LM342-15 
15V 


LM342P-5.0 
LM342p·12 
LM342P-15 


For Tab Bend TO-202 


Order 
Numbers: 


LM342p·5.0 
TB 


LM342p·12 
TB 


LM342p·15 
TB 


See Package 
P03E 


III 


..v- ..... 
vvo 


Vo = 12Vand 15V 
35V 


Internal Power Dissipation 


(Note 1) 
Internally Limited 


Operating Temperature Range 
O·Cto +70·C 


Maximum Junction Temperature 
125·C 


Storage Temperature Range 
-55·Cto 
+150·C 


Lead Temperature (Soldering, 10 Seconds) 
300·C 


Electrical Characteristics ITA = O·C to + 70 ·C, 10 = 250 mA (Note 2) unless noted. 


OUTPUT 
VOLTAGE 
5V 
12V 
15V 


INPUT 
VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
Tj = 25°C 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


(Note 
3) 
1 mA <; 10 " 
250 mA and 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


VMIN 
<; VIN " 
VMAX 
(7.5" 
VIN " 
20) 
(14.8 <; VIN <; 27) 
(18 <; VIN <; 30) 
V 


"VO 
Une 
Regulation 
Tj = 25°C, 
10 = 250 mA 
55 
100 
100 
mV 
(7.3 <; VIN <; 25) 
(14.6 <; VIN <; 30) 
(17.7 <; VIN <; 30) 
V 


"VO 
Load 
Regulation 
Tj=25°C,1 
mA<;IO" 
250mA 
50 
120 
150 
mV 


"VO 
Long 
Term 
Stability 
20 
48 
60 
mVlkhrs 


IQ 
Quiescent 
Current 
Tj = 25°C 
6 
6 
6 
mA 


"IQ 
Quiescent 
Current 
Tj=25°C,1 
mA<;IO" 
250mA 
0.5 
0.5 
0.5 
mA 


Change 
Tj = 25°C, 
VMIN <; VIN" 
VMAX 
1.5 
1.5 
1.5 
mA 
(7.3 <; VIN <; 25) 
(14.6 <; VIN <; 30) 
(17.7 <; VIN <; 30) 
V 


Vn 
Output 
Noise 
Voltage 
Tj = 25°C, 
f = 10 Hz-10 
kHz 
40 
96 
120 
~V 


~RiPPle 
Rejection 
f=120 
Hz 
50 
64 
44 
58 
42 
56 
dB 


"VOUT 


Input 
Voltage 
Tj = 25°C, '0 - 250 mA 
7.3 
14.6 
17.7 
V 
Required 
to Maintain 
Line 
Regulation 


Note 
1: Thermal 
resistance 
of the TO·202 package 
(P) without 
a heat 
sink 
is 12° C/W 
junction 
to case 
and 80°CIW 
juntion 
to ambient. 


Note 
2: The electrical 
characteristics 
data 
represent 
pulse 
test 
conditions 
with 
junction 
temperatures 
as shown 
at the 
initiation 
of tests. 


Note 
3: The temperature 
coefficient 
of VOUT is typically 
within 
0.01 % VO' °C. 


Typical Performance 
Characteristics 


Maximum 
Average Power 
Dissipation 
(TO·202 
Package) 
Peek 
Output 
Current 
Dropout Voltage 


30 I 
I 
I 
I 


0.8 


Tj '" ~ c 
~ 
2.5 
I 
I 
~VOUT '" 100 mV 
;< 
6VO 
'" 100 mV 


10L 
INFINITE 
HEAT ~INK 
0.7 - 
I 


--!.l 
'"250 mA 
1- 
I 
~ 
~ 
2 
D.' 
=::::: 
- 
z 
... 
Tj =Z5°C - 
"'- 
-- 


-..!l..:.' 00 m A 
0 
z 
0.5 
;=: 
5 
I 
1.5 
: 
~ 
" 
:--... 
Q 


~ 
3 
rWITH,15 
ClWrEAT51,N~ 
~ 
:l 
~ 
0.4 


""'" 
~ 
U 
_ 
T;'16O 
C••••••• 


~ 


Q 
... 
1 
~ 


1 I 
NOHEA~ 
~ 
0.3 


~ 


... 
J 
"- 
~ 
0.2 
... 
0 
~ 
0.5 
... 


0.5 
0.1 
~ 
0 


0.3 
0 
~ 


0 


0 
15 
30 
45 
60 
75 
0 
5 
10 
15 
20 
25 
30 
0 
25 
50 
75 
100 
125 
150 


AMBIENT 
TEMPERATURE 
( C) 
INPUT·OUTPUT 
DIFFERENTIAL 
(V) 
JUNCTION 
TEMPERATURE 
( C) 


Ripple Rejection 
Ripple Rejection 
Output 
Impedance 


70 
80 
1 


f= 
120 Hz 
VIN" 
tOV 


dVIN= 
lVp-p 
70 
Vo" 
5V 
cro;a 
~ 


10 = 250 mA 
.0 
S 
10 ;Z5DmA 


1 
Tj =25°C 
- 
Tj -25·C 
1 
z 
.0 
z 
0.1 
0 
. 
0 
50 
z 
! 
! 


40 
~ 


'" 
I 
I 
1/ 
CO·'.F 
30 
VIN 
= l1V 
... 


50 
Vo" 
5V 
~ 0.01 
... 


i< 
PART 
NO. 
V,N 
i< 
20 
,WIN" 
7 Vp·p 
~ 


lMJ42-5.0 
llV 
10 = 250 mA 
0 


lM34Z-12 
,9V 
10 
lM342·15 
23V 
Tj::: 25 
C 
I 
40 
0 


0 
5 
'0 
15 
20 
25 
10 
100 
1k 
10k 
100k 
10 
100 
1k 
10k 
100k 
1M 


OUTPUT 
VOLTAGE 
(V) 
FREQUENCY 
(Hz) 
FREQUENCY 
(Hz) 


Quiescent Current 
Quiescent Current 


2.16 
2.9 
Vour'O' 5V 


;;: 
;;: 


"- 


VIN 
= lOV 


2.72 
2.7 
10::: 40 mA 
..s 
I- 
..s 
"'" 
... 
... 
•...... 
z 
Z 
~ 2.68 
~ 
2.5 
~ 
~ 
..••.••.. 
~ 
~ 
... 
... 
z 
2.64 
z 
2.3 
- 


u 
I 
u 
" 
2.60 , 
Vo 
= 5V 
" 
2.1 
0 
10 =40 
mA 
0 


Ti" 
25 
C 


2.56 
1.9 


5 
10 
15 
20 
25 
30 
35 
0 
25 
50 
75 
100 
125 
150 


INPUT 
VOLTAGE 
(V) 
JUNCTION 
TEMPERATURE 
{"Cl 


"Required 
if the regulator is located far from power 
supply filter 


.•.•Although not required, C2 does improve transient 
response. (If needed, use O.1J.lF 
ceramic disc.) 


Cl 


O. 


22PFT 


lOUT 
= V2-3/Rl 
+ 10 


.6.10 $. 1.5 mA over line and toad changes 


C2r" 


Cl· 
""r 


*Necessary if regulator is located far from the power supply filter 


**03 
aids in full load start-up and protects the regulator during short 


circuits from high input to output voltage differentials 


Cl 
TO.22$.1F 


=! 
A5 


C2 
TO.22$.1F 


VOUT = VG + 5V, Rl = I-VIN/IQ 
LM3421 


VOUT = 5VIR2/R41 
for IR2 + R31 = IR4 + R51 


A 0.5V output 
will correspond to IR2/R41 = 0.1, IR3/R41 = 0.9 


*Solid tantalum 


~National 
~ 
Semiconductor 


LM723/LM723C Voltage Regulator 


Voltage Regulators 


• 
Input voltage 40V max 


• 
Output 
voltage adjustable from 2V 
to 37V 


• 
Can 
be 
used 
as either 
a 
linear 
or 
a switching 


regulator. 


The LM723/LM723C 
is a voltage regulator design- 
ed primarily 
for series regulator 
applications_ By 


itself, it will supply output currents up to 150 mA; 
but 
external 
transistors can be added to provide 
any desired load current. 
The circuit 
features ex- 
tremely 
low standby current 
drain, and provi,ion 
is made for either linear or foldback current limit- 


ing. 
Important 
characteristics 
are: 


The LM723/LM723C 
is also useful in a wide range 


of other 
applications 
such as a shunt regulator, 
a 


current 
regulator 
or a temperature 
controller. 


• 
150 mA output 
current 
without 
external 
pass 


transistor 
The 
LM723C 
is identical 
to 
the 
LM723 
except 


that the LM723C 
has its performance 
guaranteed 


over a DoC to 70°C 
temperature 
range, instead of 


-55°C 
to +125°C_ 


• 
Output 
currents 
in excess of 
lOA 
possible by 


adding 
external 
transistors 


Order Number lM723CN 


See NS Package N14A 


Order Number LM723J or LM723CJ 


See NS Package 
J 14A 


Metal 
Can Package 


CURltiJn 


liMIT 


PulseVoltage from V· to V- (50 msl 
Continuous Voltage from V· to V- 
Input-Output 
Voltage Differential 


Maximum Amplifier 
Input Voltage (Either Input) 
Maximum Amplifier 
Input Voltage (Differential) 
Current from Vz 
Current from VAEF 
Internal Power Dissipation Metal Can (Note 1) 


Cavity 01P (Note 1) 
Molded DIP (Note 1) 


Operating Temperature RangeLM723 


LM723C 


Storage Temperature RangeMetal Can 


DIP 
Lead Temperature (Soldering, 10 see) 


50V 
40V 
40V 
7.5V 


5V 
25 mA 
15mA 
800mW 
900 mW 
660 mW 


_55°C to +125°C 
O°C to +70°C 
-65' C to +150'"'C 
-55 
C to +125°C 
300 C 


LM723 
LM723C 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Line Regulation 
V1N 
=. 12V to VIN 
= 15V 
.01 
0.1 
.01 
0.1 
% VOUT 


_55°C ~ TA < +125°C 
0.3 
% VOUT 


0°C~TA~+70°C 
0.3 
% VOUT 


V1N = 12V to V1N 
'" 40V 
.02 
0.2 
0.1 
0.5 
% VOUT 


Load Regulation 
IL= 
1 mAtolL=50mA 
.03 
0.15 
.03 
0.2 
% VOUT 


_55°C ~ TA 
~ +125°C 
0.6 
%V OUT 


O°C~TA 
~= 
+70°C 
0.6 
%V OUT 


Ripple Rejection 
f = 50 Hz to 10 kHz, CAEF 
= 0 
74 
74 
d8 


f'" 50 Hz to 10 kHz, CAEF 
= 5 pF 
86 
86 
dB 


AverageTemperature 
_55°C <S TA 
-e:; +125°C 
.002 
.015 
%tc 
Coefficient of Output Voltage 
O°CS; TA 
~ +70°C 
.003 
.015 
%/oC 


Short Circuit Current Limit 
Rsc = lOn, VOUT = 0 
65 
65 
mA 


Reference Voltage 
6.95 
7.15 
7.35 
6.80 
7.15 
7.50 
V 


Output Noise Voltage 
BW = 100 Hz to 10 kHz, CAEF 
= 0 
20 
20 
pVrms 


BW = 100 Hz to 10 kHz, CREF 
= 5IJ.F 
2.5 
2.5 
IJ.Vrms 


Long Term Stability 
0.1 
0.1 
%/1000 hrs 


Standby Current Drain 
IL = 0, V IN 
= 30V 
1.3 
3.5 
1.3 
4.0 
mA 


Input Voltage Range 
9.5 
40 
9.5 
40 
V 


Output Voltage Range 
2.0 
37 
2.0 
37 
V 


Input-Output 
Voltage Differential 
3.0 
38 
3.0 
38 
V 


Note 1: 
See derating 
curves for maximum 
power rating above 25°C. 


Note 2: 
Unless otherwise 
specified, 
TA 
= 25°C, 
VIN 
= 
v+ 
= Vc 
= 12V, 
V- 
= 0, VOUT 
= 5V, 
IL 
= 
1 mA, 
RSC = 0, Cl 
= 100 pF, 
CREF 
= 0 and divider 
impedance 
as seen by error amplifier 


~ 
10 kSl connected 
as shown 
in 
Figure 1. Line and load regulation 
specifications 
are given for the 
condition 
of constant 
chip 
temperature. 
Temperature 
drifts 
must 
be taken into 
account 
separately 
for high dissipation 
conditions. 


Note 3: 
L1 is 40 turns of No. 20 enameled copper 
wire wound 
on Ferroxcube 
P36/22-387 
pot core 
or equivalent 
with 
0.009 in. air gap. 


Note 4: 
Figures in parentheses may be used if Rl /R2 divider 
is placed on opposite 
input 
of error amp. 


Note 5: 
Replace R1/R2 
in figures with 
divider 
shown in Figure 13. 


Note 6: 
V+ must be connected 
to a +3V or greater supply. 


Note 7: 
For metal can applications 
where 
Vz 
is required, 
an external 
6.2 volt zener diode should be 
connected 
in series with 
VOUT. 


Maximum 
Power Ratings 


LM723 
LM723C 


Power 
Dissipation 
vs 
Power 
Dissipation 
vs 
Ambient 
Temperature 
Ambient 
Temperature 


1000 
DIP 
1000 
I 
900 
900 
TO-5 
800 
800 
I 
TO-S 
100 
100 
l\. 
'= ,\ 
~ 600 
\.' 
~ 600 I---t 
P 
\. 
E 
500 
E 
500 
.f: 


400 
~ 
.f: 
400 
I 


300 
TJMAX 
• 15lJ"C 
300 
T, MAX; 
125°C 


200 
RTH" 
160"CIW 
(TO-51 
I~ 
200 
Rni" 
125°C/W 
(To-5) 


100 
RTH 
= 14lrC/W 
(DIP) 
100 
RTH" 
155°C!W 
(DIP) 


NO HEAT 
SINK 
NO HEAT 
SINK 


0 
0 
-55 -25 
0 
25 
50 
15 
100 125 150 
-55 
-25 
0 
25 
50 
15 
100 125 150 


TA AMBIENT 
TEMPERATURE 
COC) 
TA AMBIENT 
TEMPERATURE 
Fe} 


Typical Performance Characteristics 


Load 
Regulation 
Load 
Regulation 
Load 
& Line Regulation 
vs 


Characteristics 
with 
Characteristics 
with 
Input-Output 
Voltage 


Current 
Limiting 
Current 
Limiting 
Differential 


0.05 
0.1 
0.3 
VOUT 
= 5V, V1N '" +12V 
VOUT 
= +5V 


0 
Rso '10" 
r- 
Rse" 
0 


0 
~~oC 
" 
0 ....•~ 
5 


0.2 
TA ·+25"C 
0 
flV;.3V 
0 
0 
~ 
~ 
-0.05 
'" 
'::>4. 
.. 


-0.1 
.. 
IL'"' 
mA 


I 
TA" 
25~C 
.,.......,... 
I 
I 
0.1 


I 
~ 
-0.1 
z 
z 
0 
0 
LINE 
:i 
T. 
·moc 
~ 
>= 
I 
i 


-0.2 
0 


~ 
-0.15 
TA:25°C~ 


1.0. = _55°C 
-~ 
~o- 
I 
I I 


-f- 


1\ I I I 
VOUT" 
+5V 
-0.2 
VOU~ '" +5V, 
V1N : +12V 
-0.3 


_T 
;125°C 
\I 
I 
1 


-0.1 
Rsc" 
0 


~sc '" 10n 
TA" 
25°C 
1 
1 


-0.25 
-0.4 
• I I 
\ 
1 1 
-0.2 
IL = 1 mAtolL"'50mA 


0 
5 
10 
15 
20 
25 
30 
0 
20 
40 
60 
80 
100 
-5 
5 
15 
25 
35 
45 


OUTPUT 
CURRENT 
(mA) 
OUTPUT 
CURRENT 
(mAl 
V1N - VOUT (V) 


Current 
Limiting 
Current 
Limiting 
Characteristics 
vs 
Standby 
Current 
Drain 
vs 


Characteristics 
Junction 
Temperature 
Input 
Voltage 


1.2 
VOUT : 5V, V'N "+12V 
0.8 


'" 


I 


200 
2.0 


T~.J5oJ-f- 
~ 


Rsc '" 10n 
,.....:.:.: 
~ 
1.8 
1.0 
~ 
0.1 
" 
SENSE VOLTAGE 
160 
~ 
« 
1.6 
~ 


~ 


I""- 
l"l 
E 
T 


1 
•• 
15od-f- 
~ 
'"::; 
0- 
1.4 
0.8 
'" 
lIMITCUR~ 
120 
~ 
z 


'" 
--f--~A"'125°C 
~ 
0.6 
'" 
1.2 
0- 


-HRsen" 
~ 
'" 
T~-115od-f- 
~ 
0.6 
z 
c 
~ 
1.0 


0- 
TA '" 25°C - 
•.•... 
~ 
U 
~ 
- 
0- 
0.5 
80 ~ 
>- 


0 
I I 
I 
:;; 
rt-I- 
z 
0 
0.8 


'" 


0.4 - 
TA: 
_55°C 
:; 
...• 
z 
0.6 
.. 
>= 
0- 


m~URRENT 
r-t- 
~ 
t; 


~ 


I 
z 
0.4 
- 
Rscs1~n 
40 
0.4 
0.2 
I 
'" 
VOUT = VAEF 
'" 
0.2 
I 
~ 
I I 
I 


IL = 0 


0 
0.3 
0 
0 
20 
40 
60 
80 
100 
-50 
0 
50 
100 
150 
0 
10 
20 
30 
40 
50 


OUTPUT 
CURRENT 
(mA) 
JUNCTION 
TEMPERATURE 
1°C) 
INPUT 
VOLTAGE 
IV) 


Output 
Impedance 
vs 
Line Transient 
Response 
Load 
Transient 
Response 
Frequency 


6.0 
4.0 
12 
10 
m 
;;; 
INPUT 
VOLTAGE 
;;; 
LOAD 
CURRENT 
VOUT = +5V 


E 
I 
~ 
E 
II 
10 
V1N =+12V 


Z 
4.0 
2.0 
z 
8.0 
CL·O 
0 
0 
0 g 
Rsc '" 0 


~.F 


>= 


~ 


>= 
0 
1; 
TA" 
25°C 
" 
" 
1.0 


~ 
2.0 
0 
~ 
4.0 
0 
z 
IL=50mA 
r'l 
.• I 


., 
0 
~ 
_!!Y~UT 
VoLTAGE- 
0 ~ 
OUTPUT 
VOLTAGE 
-10 ~ ~ 


~ 


0 
-2.0 
~ ~ 


0 
~ 
V1N :+12V 
'" 
-~ 
V1N "'+12V 
0- 
~ 
~ 
0.1 
VOUT '" +5V 
'" 
VOUT '" +5V 
-20 ,0- 


~ 


-2.0 
IL'" 
mA 
-4.0 
~ 
~ 


-4.0 
IL"'40mA 
~ ~ 
0 


TA '" 25°C 
5 
TA:: 
25 C 
-30 
Rsc '" 0 
Rsc '" 0 
-4.0 
-6.0 
-8.0 
.01 


-5 
5 
15 
25 
35 
45 
-5 
5 
15 
25 
35 
45 
100 
I' 
101< 
lOOk 
1M 


TIME 
l#Il) 
TIME 
(PI) 
FREQUENCY 
1Hz) 


C~) 
H1 
H2 
H' 
p, 
N 
+3.0 
1,5,6,9, 
4.12 
3.01 
1.8 
0.5 
1.2 
+100 
3.57 
102 
2.2 
10 
91 


••••• 
12 (4) 


::2: 


+3.6 
1,5,6,9. 
3.57 
3.65 
1.5 
0.5 
1.5 
+250 
3.57 
255 
2.2 
10 
240 


12 (4) 
...I 


+5.0 
1,5,6.9. 
2.15 
4.99 
.75 
0.5 
2.2 
-6 (Note 6) 
3.1101 
3.57 
2.43 
1.2 
0.5 
.75 


12141 


+6.0 
1,5.6.9. 
1.15 
6.04 
0.5 
0.5 
2.7 
-9 
3.10 
3.48 
5.36 
1.2 
0.5 
2.0 


12 (4) 


+9.0 
2.4, 
(5,6, 
1.87 
7.15 
75 
1.0 
27 
-12 
3,10 
3.57 
8.45 
1.2 
0.5 
3.3 


12,9) 


+12 
2,4, IS. 6. 
4.B7 
7.15 
2.0 
1.0 
3.0 
-15 
3.10 
3.65 
11.5 
1.2 
0.5 
4.3 


9.12) 


+15 
2,4, 
IS, 6. 
7.87 
7.15 
33 
1.0 
3.0 
-28 
3.10 
3.57 
24.3 
1.2 
0.5 
10 


9.121 


+28 
2,4, 
IS. 6, 
21.0 
7.15 
56 
1.0 
2.0 
-45 
3.57 
41.2 
2.2 
10 
33 


9.12) 


+45 
3.57 
48.7 
2.2 
10 
39 
-100 
3.57 
97.6 
2.2 
10 
91 


+75 
3.57 
78.] 
22 
10 
68 
-250 
3.57 
249 
2.2 
10 
240 


TABLE 
II 
FORMULAE 
FOR INTERMEDIATE 
OUTPUT 
VOLTAGES 


Outputs 
from 
+2 to +7 yolts 
Outputs 
from 
+4 to +250 
volts 
Current 
limiting 


[Figures 
1, 5, 6, 9,12, 
(411 
I Figure 
71 


I LIMIT 
= 
VS~SNCSE 


VOUT= 
(VREFX 
R1 


A 


+ 


2 


R21 
VOUT'" 
I V~EF 
X 
R2 R-l A1 J. R3 
H4 


Outputs 
from 
+7 to +37 volts 
Outputs 
from 
-6 
to -250 
volts 
Foldback 
Current 
Limiting 


[Figures 2,4, 
15,6,9,121] 
[FIgures 
3. 8. 10J 


'KNEE 
= IV~S~T R: 
3 


+ VSEN~:~R:4+ 
R4) 
J 


Rl 
+ R2 
VOUT'" 
[V;EF 
X 
Rl:1R2];R3"'R4 
VOUT'" 
[VREF 
X -A-2-j 


ISHORTCKT"'! 
VS~SNCSEX 
R3:4R4] 


Typical Applications 


TYPICAL PERFORMANCE 


Regul.ted 
OUlput Voit'lle 
Line Regul.tion 
(6V" ••"3V) 


LOild Regul.tlonl6lL 
"SOmA) 


Note: 
R3" 
~ 
for minimum 
temper.ture 
drift. 


R3 rNy be efiminl1ed 
for minimum 
component 
count. 


Regulilted 
Output 
Volt.1It 


Line Regul.tion(6V'N"3V) 
LOid AtIUI.tion16lL 
"SOmA) 


FIGURE 
1. 
Basic 
Low Voltage 
Regulator 


(V OUT 
= 2 to 7 Volts) 


TYPiCAL 
PERFORMANCE 


Regul.1ed 
Output 
Voluge 
-1SV 
Line AtlUll1ion 
(6V'N •• 3Vl 
1 mV 
LOid R.",lltion 
(tilL" 
100 mAl 
2 mV 


FIGURE 
3. 
Negative 
Voltage 
Regulator 


Regul.ted 
OUIPUI Voltlge 


Line Regul.tion(oV,N" 
3V) 


Lo.d Regul.tIOn 
(tilL "1A) 


TYPICAL PERfORMANCE 


Regulated 
Output 
VoiGge 
+5V 
Line Regulation 
(OVIN = lVI 
0.5 mV 
Load Regulation 
(Oil 
= lA) 
5 mV 
FIGURE 
5. Positive 
Voltage 
Regulator 
(External 
PNP Pass Transistor) 


TYPICAL PERFORMANCE 


Regullted 
OutputVoJtlge 
+5DV 


Line Regulation 
(.tWIN = 20V) 
15 mV 
LDid Regulation 
(Oil 
= 50 mAl 
20 mV 


FI GUR E 7. 
Positive 
Floating 
Regulator 


TYPICAL PERFORMANCE 


Regul.ted 
OutputVolt.ge 
+5V 
Lme Regulation 
(lloVIN '" 30V) 
10 mV 
Load Regulation 
(61L = 2A) 
80 mV 


FIGURE 
9. 
Positive 
Switching 
Regulator 


Note: 
Current limit trln~$tor 
may be 
uwd for shutdown 
if current 
limitinl 
is not required. 


Regul.ted 
Output 
Volt'lII! 


Line Regul.tion(£l.VIN"lV) 
Load Regul.tion(.c.IL 
'" 50 mAl 


TYPICAL PERFORMANCE 


Regulated 
Output 
Voltlge 
+5V 


Line RegulatIon 
It>VIN = 3V) 
0.5 mV 


Load Regulation 
(OiL = 10 mAl 
1 mV 
Short Circuit Current 
20 mA 
FIGURE 
6. 
Foldback 
Current 
Limiting 


TYPICAL PERFORMANCE 


Regulate4 
Outpul 
Voltage 
-100V 
Line Regulation 
loVIN = 20V) 
30 mV 
Lo.d 
Regulation 
{OIL" 100 mAl 
20 mV 


FIGURE 
8. 
Negative 
Floating 
Regulator 


TYPICAL PERFORMANCE 


ReIUI.te4 
Outpul 
VolGge 
-15V 


Line Regulation 
(t>VIN" 
20V) 
8 mV 


Load Regulation 
{o.IL "2A) 
6 mV 


FIGURE 
10. 
Negative 
Switching 
Regulator 


·'r 


PI 


.2 
<ow 


T"'·· 


TYPICAL PERFORMANCE 


Regulated 
Output 
Voltlge 


Line Regutiltion 
(OVIN" 
lOVI 


Load Regulation 
(61L "100 
mAl 


'?'A National 
~ 
Semiconductor 


LM1524/LM2524/LM3524 
Regulating Pulse Width Modulator 
General Description 


The LM 1524 series of regulating pulse width modulators 
contains all of the control 
circuitry 
necessary to imple- 


ment switching 
regulators of either polarity, 
transformer 


coupled 
DC to DC converters, transformerless 
polarity 


converters and voltage doublers, as well as other power 
control 
applications. 
This device includes a 5V voltage 


regulator capable of supplying up to 50 mA to external 
circuitry, 
a control 
amplifier, 
an oscillator, a pulse width 


modulator, 
a phase splitting 
flip-flop, 
dual alternating 


output 
switch transistors, and current 
limiting 
and shut- 


down circuitry. 
Both the regulator output transistor and 


each output 
switch are internally current limited and, to 


limit 
junction 
temperature, 
an internal 
thermal 
shut- 
down 
circuit 
is employed_ The 
LM1524 
is rated for 


operation 
from 
-55°C 
to 
+125°C 
and is packaged in 


a hermetic 
16-lead DIP (J). The LM2524 and LM3524 


are rated 
for 
operation 
from 
O°C to 
+70°C 
and are 


Voltage Regulators 


packaged in 
either 
a hermetic 
16-lead DIP 
(J) or a 


16-lead molded DIP (N). 


• 
Complete PWM power control circuitry 


• 
Frequency adjustable to greater than 100 kHz 


• 
2% frequency stability 
with temperature 


• 
Total quiescent current lessthan 10 mA 


• 
Dual alternating 
output 
switches for both push-pull 


or single-ended applications 


• 
Current 
limit 
amplifier 
provides external component 


protection 


• 
On-chip protection 
against excessivejunction 
temper- 


ature and output current 


• 
5V, 50 mA linear regulator output available to user 


, 


GNO~ 


IHVINPUT 
I' VREf 


NIINPUT 
" V,N 


OSCOUTPUl 
14 


EMITTER 
B 


+ClSENSE 
1l 


COllECTOR 
B 


-ClSENSE 
12 


COLLECTOR 
A 


'T 
11 EMITTER 
A 


'T 
10 
SHUTDOWN 


GNO 
COMPENSATION 


TOPVlew 


1-148 


Order Number 
LM1524J. LM2524J 
or LM3524J 
See NS Package J16A 


Order Number 
LM2524N 
or LM3524N 
See NS Package 
N16A 


Absolute Maximum Ratings 


Input Voltage 
40V 
Maximum Junction Temperature 
Reference Voltage, Forced 
6V 
(J Package) 
150°C 
Reference Output Current 
50mA 
(N Package) 
125°C 
Output Current (Each Output) 
100mA 
Storage Temperature 
Range 
1l5°C 
to +150°C 
Oscillator Charging Current (Pin 6 or 7) 
5mA 
Lead Temperature 
(Soldering, 10 seconds) 
300°C 
Internal Power Dissipation (Note 1) 
1W 


Operating Temperature 
Range 


LM1524 
-55°C to +125°C 


LM2524/LM3524 
O°C to +70°C 


Electrical Characteristics 
Unless otherwise 
stated, 
these specifications 
apply for TA = -55°C 
to +125°C for the LM1524 and O°C to +70°C for the 
LM2524 and LM3524, VIN = 20V, and f = 20 kHz. Typical values other than temperature 
coefficients, are at TA = 25°C. 


LM1524/ 
LM3524 
PARAMETER 
CONDITIONS 
LM2524 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Reference 
Section 


Output 
Voltage 
4.8 
5.0 
5.2 
4.6 
5.0 
5.4 
V 


Line Regulation 
VIN 
= 8-40V 
10 
20 
10 
30 
mV 


Load Regulation 
IL = 0-20 
mA 
20 
50 
20 
50 
mV 


Ripple Rejection 
f = 120 Hz. T A = 25°C 
66 
66 
dB 


Short-Circuit 
Output 
Current 
VREF 
= O. TA = 25°C 
100 
100 
mA 


Temperature 
Stability 
Over Operating 
Temperature 
Range 
0.3 
1 
0.3 
1 
% 


Long Term Stability 
TA=25°C 
20 
20 
mV/khr 


Oscillator 
Section 


Maximum 
Frequency 
CT = 0.001 pF, RT = 2 kn 
350 
350 
kHz 


Initial Accuracy 
RT and Cr constant 
5 
5 
% 


Frequency 
Change with Voltage 
VIN 
= 8-40V. 
TA = 25°C 
1 
1 
% 


Frequency Change with Temperature 
Over Operating Temperature 
Range 
2 
2 
% 


Output 
Amplitude 
(Pin 3) 
TA=25°C 
3.5 
3.5 
V 


Output 
Pulse Width 
(Pin 3) 
CT = 0.01 pF. TA = 25°C 
0.5 
0.5 
ps 


Error Amplifier 
Section 


Input Offset Voltage 
VCM = 2.5V 
0.5 
5 
2 
10 
mV 


Input 
Bias Current 
VCM = 2.5V 
2 
10 
2 
10 
pA 


Open Loop Voltage 
Gain 
72 
80 
60 
80 
dB 


Common-Mode 
Input Voltage 
Range 
TA=25°C 
1.8 
3.4 
1.8 
3.4 
V 


Common-Mode 
Rejection 
Ratio 
TA = 25°C 
70 
70 
dB 


Small Signal Bandwidth 
AV = 0 dB. T A = 25°C 
3 
3 
MHz 


Output 
Voltage 
Swing 
TA = 25°C 
0.5 
3.8 
0.5 
3.8 
V 


Comparator 
Section 


Max imum Duty 
Cycle 
% Each Output 
ON 
45 
45 
% 


Input Threshold 
(Pin 9) 
Zero Duty 
Cycle 
1 
1 
V 


Input Threshold 
IPin 91 
Maximum 
Duty 
Cycle 
3.5 
3.5 
V 


Input Bias Current 
-1 
-1 
pA 


Current 
Limiting 
Section 


Sense Voltage 
VIPin 
21- 
VIPin 
11 ~ 50 mV. 
190 
200 
210 
180 
200 
220 
mV 


Pin 9 = 2V. T A = 25°C 


Sense Voltage T.C. 
0.2 
0.2 
mVtC 


Common-Mode 
Voltage 
-0.7 
1 
- 
0.7 
1 
V 


Output 
Section (Each Output) 


Collector-Emitter 
Voltage 
40 
40 
V 


Collector 
Leakage Current 
VCE = 40V 
0.1 
50 
0.1 
50 
pA 


Saturation 
Voltage 
IC= 
50mA 
1 
2 
1 
2 
V 


Emitter 
Output 
Voltage 
VIN 
= 20V. 
IE = -250 
pA 
17 
18 
17 
18 
V 


Rise Time 
110% to 90%1 
RC= 
2 kn. 
TA= 
25°C 
0.2 
0.2 
ps 


Fall Time 
190% to 10%1 
RC= 
2 kn. 
TA= 
25°C 
0.1 
0.1 
ps 


Total Standby 
Current 
VIN 
= 40V. Pins 1.4.7.8.11 
5 
10 
5 
10 
mA 


and 14 are grounded, 
Pin 2 = 2V. 


All Other 
Inputs and Outputs 
Open 


Note 
1: 
For operation 
at elevated 
temperatures, 
devices in the J package must be derated 
based on a thermal 
resistance of 100° C/W, junction 
to ambient, 
and devices in the N package must be derated 
based on a thermal 
resistance of 150°C/W, 
junction 
to ambient. 


Typical 
Performance 
Characteristics 


Maximum and Minimum 
Maximum Average Power 
Maximum Average Power 
Duty Cycle Threshold 
Dissipation (J Package) 
Dissipation (N Package) 
Voltage 
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Reference and Switching 


Output Transistor Saturation 
Output Transistor Emitter 
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Voltage 
Voltage 
Current 
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The 
LM3524 
has on chip a 5V, 50 mA, short circuit 


protected 
voltage 
regulator. 
This 
voltage 
regulator 
provides a supply for all internal circuitry 
of the device 
and can be used as an external reference. 


For input voltages of lessthan 8V the 5V output should 
be shorted to pin 15, V,N, which disables the 5V regu- 
lator. 
With 
these pins shorted 
the input 
voltage must 


be limited 
to 
a maximum 
of 6V_ If input 
voltages of 
6-8V 
are to 
be used, a pre-regulator, 
as shown 
in 
Figure 
1, must be added_ 


The 
LM3524 
provides a stable on-board oscillator. 
Its 
frequency 
is set by an external resistor, RT and capac- 


itor, 
CT. A graph of 
RT, CT vs oscillator 
frequency 
is 


shown in Figure 
2. The oscillator's 
output 
provides the 
signals for triggering 
an internal flip-flop, 
which directs 
the PWM information 
to 
the outputs, 
and a blanking 


pulse to 
turn 
off 
both 
outputs 
during 
transitions 
to 
ensure that cross conduction 
does not occur. The width 
of the blanking pulse, or dead time, is controlled 
by the 
value of CT, as shown in Figure 
3. The recommended 


} 
OUTPUTS 


values of 
RT 
are 
1.8 kS1 to 
100 
kS1, and for 
CT, 


0.001 J1Fto 0.1 J1F. 
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The 
error 
amplifier 
is a differential 
input, 
transcon- 
ductance 
amplifier. 
Its gain, nominally 
80 dB, is set by 
either 
feedback or output 
loading_ This output 
loading 
can be done with either purely resistive or a combination 
of 
resistive and reactive components. 
A 
graph of the 
amplifier's 
gain vs output 
load resistance is shown in 
Figure 4. 


The output 
of the amplifier, 
or input to the pulse width 


modulator, 
can 
be 
overridden 
easily 
as its 
output 


impedance is very high (20 
:::::5 Mn). 
For this reason 
a DC voltage can be applied to pin 9 which will override 
the error 
amplifier 
and force a particular 
duty 
cycle to 
the outputs. 
An example of this could 
be a non-regu- 
lating motor 
speed control 
where a variable voltage was 
applied to pin 9 to control 
motor 
speed. A graph of the 
output 
duty 
cycle vs the voltage on pin 9 is shown in 
Figure 5. 


The amplifier's 
inputs have a common-mode 
input range 
of 
1.8V-3.4V. 
The 
on 
board 
regulator 
is useful 
for 
biasing the inputs to within 
this range. 
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The function 
of the current 
limit 
amplifier 
is to over- 
ride the error amplifier's 
output 
and lake control 
of the 


pulse width. 
The 
outpul 
duty 
cycle 
drops 
to 
about 
25% when a current 
limit 
sense voltage of 200 mV 
is 
applied between the +CL and -CL 
terminals. 
Increasing 
the 
sense voltage 
approximately 
5% results 
in a 0% 


output 
duty 
cycle. Care should be taken to ensure the 
-0.7V 
to 
+1.0V 
input 
common-mode 
range 
is not 
exceeded. 


The outputs 
of the 
LM3524 
are NPN transistors, 
ca- 
pable of 
a maximum 
current 
of 
100 mA. 
These tran- 
sistors 
are driven 
1800 
out 
of 
phase and have non- 
committed 
open 
collectors 
and emitters 
as shown 
in 


Figure 6. 
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The 
basic circuit 
of 
a step-down switching 
regulator 


circuit 
is shown in Figure 
12, along with 
a practical 


circuit design using the LM3524 in Figure 15. 


The circuit 
works 
as follows: 
Q1 is used as a switch, 
which has ON and OFF times controlled 
by the puIse 


width 
modulator. 
When Q1 is ON, power is drawn from 


VIN 
and supplied 
to 
the load through 
L1; VA is at 


approximately 
VIN, 
D1 
is reverse biased, and Co is 


VSAT 


II N 
-------- 
-01 


RF = 5k(1- Va) 
2.5 


Ll 
= 
2.5VIN Va 


IOSC 
(Va + VIN) 
10 


loVo 


Co = "'Va 
IOSC 
(Va + VINI 


charging_ When Q1 turns 
OFF 
the 
inductor 
L 1 will 
force VA negative to keep the current 
flowing 
in it, 


D1 will 
start conducting and the load current will flow 
through 
D1 and L1_The voltage at VA is smoothed by 
the L1, Co filter 
giving a clean DC output. 
The current 
flowing 
through 
L1 is equal to the nominal 
DC load 
current 
plus some .I'd L which 
is due to the changing 
voltage 
across it. 
A 
good 
rule 
of 
thumb 
is 
to 
set 
6J Lp-p::: 
40%· 
10. 


~IL+ 
~IL 
""TIY=1 


z:~: 
1_ tON-I- (OFF-I 
L 


I. 
T 
• I 


FIGURE 
13 


I 
40% 
10 
t 


t..IL+=(VIN-Vo)tON 
t..IL-=VotOFF 


L1 
L1 


Vo'::"- VIN (__ to_N__ 
) 


'tOFF 
+ tON 
( 
tON) 
=VIN T; 


The 
above shows the 
relation 
between 
VIN, 
Vo 
and 
duty cycle. 


IIN(OC) 
= IOUT(OCl 
( __ 
to_N__ 
), 
tON + tOFF 


PIN = IIN(OC)VIN 
= OOIOCl/--t_O_N--)VIN 
\tON 
+ tOFF 


The efficiency, 
1], of the circuit 
is: 


Po 
10Vo 
1]MAX -------------------- 
PIN 
10(tONlVIN+(VSAT 
tON + VOltOFF) 
10 


T 
T 


~ 


o 
= -- 
for VSAT = VOl 
= lV. 
Vo + 1 


1]MAX will 
be further 
decreased due to switching 
losses 
in 01. 
For this reason 01 
should 
be selected to have 
the maximum 
possible fT, 
which 
implies very fast rise 
and fall times. 


1t..IL+)· 
L1 
1t..IL-) 
L1 


tON'::"- ---- 
, tOFF 
= ----- 


IVIN - Vol 
Vo 


(t..IL+) 
• Ll 
(t..IL-) 
L1 


tON+tOFF=T= 
+ 
(VIN-Vol 
Vo 


DAloL 1 
DAloL 1 
----+--- 
IVIN - Vol 
Vo 


Since t..1L+ = t..1L- = D.410 


v. 
(COLLECTOR 


OF PNP) 


where: L 1 is in Henrys 
f is switch ing frequency 
in Hz 


Figure 
14 shows 
L 1's current 
with 
respect 
to 
01 's 


tON 
and tOF F times. 
This current 
must 
flow 
to the 


load and Co' 
Co's current 
will 
then 
be the difference 


between I L, and 10, 


From 
Figure 
14 it can be seen that 
current 
will 
be 


flowing 
into Co for the second half of tON through the 
first 
half 
of 
tOFF, 
or a time, 
tON/2 
+ tOFF/2. 
The 
current 
flowing 
for 
this 
time 
is t..1L/4. 
The 
resulting 
t..Vc or t..Vo is described by: 


t..Vop_p=~.~ 
.(tON+ 
tOFF'! 


C 
4 
2 
2 J 


= t..IL (tON 
+ tOFF) 


4C 
2 


VolT-tON) 
Since t..IL = 
Ll 


( 


Vo T\ 


t..Vop-p = Vo T -~J(~) 


4C Ll 
2 


~(VIN-VolVoT2 


8VINCoL1 


The inductor's current cannot be allowed to fall to 
zero, as this would cause the inductor to saturate. For 
this reason some minimum 
10 is required as shown 
below: 


IVIN - Vol tON 


10(MIN) = 
2L 1 
- 


where 
VNI 
is the voltage at the error 
amplifier's 
non- 


inverting input. 


Resistor R3 sets the current limit to: 


A 
complete 
step-down 
switching 
regulator 
schematic, 
using the LM3524, 
is illustrated 
in Figure 
15. Transis- 
tors Oland 
02 
have been added to boost the output 


to 
1A. 
The 
5V 
regulator 
of 
the 
LM3524 
has been 


divided 
in half to bias the error amplifier's 
non-inverting 
input 
to 
within 
its 
common-mode 
range. Since each 
output 
transistor 
is on 
for 
half 
the period, 
actually 
45%, they have been paralleled to allow longer possible 
duty 
cycles, up 
to 
90%. This 
makes a lower possible 
input voltage. The output 
voltage is set by: 


200 mV 
200 mV 
---=--- 
~1.3A. 


R3 
0.15 


Figure 
16 and 17 show a PC board layout 
and stuffing 
diagram 
for 
the 
5V, 
1A 
regulator 
of 
Figure 
15. The 
regulator's performance is listed in Table 1. 
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PARAMETER 
CONDITIONS 
TYPICAL 
CHARACTERISTICS 


Output 
Voltage 
VIN = 10V, 10 = 1A 
5V 


Switching 
Frequency 
VIN = 10V, 10= 1A 
20 kHz 


Short Circuit 
V,N = 10V 
1.3A 
Current 
Limit 


Load Regulation 
VIN = 10V, 
3mV 
10=0.2-1A 


Line Regulation 
tlVIN 
= 10- 
20V, 
6 mV 


'0 = 1A 


Efficiency 
VIN = 10V, 10 = 1A 
80% 


Output 
Ripple 
VIN = 10V, 10 = 1A 
10 mVp-p 


R5 
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Figure 
18 shows 
the 
basic circuit 
for a step-up 
switching 


regulator. 
In this 
circuit 
Q1 is used 
as a switch 
to alter- 
nately 
apply 
VIN 
across 
inductor 
L1. During 
the 
time, 


tON, 
Q1 
is ON 
and 
energy 
is drawn 
from 
VIN 
and 


stored 
in L1; D1 is reverse 
biased 
and 
10 is supplied 
from 


the 
charge 
stored 
in Co. When 
Q1 opens, 
tOFF, 
voltage 
V1 
will 
rise 
positively 
to 
the 
point 
where 
D1 
turns 


ON. 
The 
output 
current 
is now 
supplied 
through 
L1,D1 
to 
the 
load 
and 
any charge 
lost 
from 
Co during 
tON 
is 
replenished. 
Here 
also, 
as 
in 
the 
step-down 
regulator, 


the 
current 
through 
L1 has a DC component 
plus 
some 


61 L. 61 L is again 
selected 
to 
be 
approximately 
40% 


of 
IL. Figure 
19 shows 
the 
inductor's 
current 
in relation 
to Q1's 
ON and OFF 
times. 
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and 
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~------ 


L1 


( 
tON) 
Vo~VIN 
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The 
above 
equation 
shows 
the 
relationship 
between 


VIN, 
Vo and duty 
cycle. 


In calculating 
input 
current 
IIN(DC), 
which 
equals 
the 
inductor's 
DC current, 
assume 
first 
100% efficiency: 


( 
tON 
) 
POUT 
= 10Vo = 10 VIN 
1 +-- 
tOFF 


( 
tON) 
10 
VIN 
1 + -- 
= IIN(DC) 
VIN 
tOFF 


( 
tON) 
IIN(DC) 
= 10 
1 +-- 
tOFF 


This 
equation 
shows 
that 
the 
input, 
or inductor, 
current 
is larger 
than 
the output 
current 
by the factor 
(1 + tON/ 


tOFF). 
Since 
this 
factor 
is the 
same 
as the 
relation 


between 
Vo and VIN, 
IIN(DC) 
can also be expressed 
as: 


IIN(DC) 
~ lo(~) 


VIN 


So 
far 
it is assumed 
17 = 100%, 
where 
the 
actual 
effi· 
ciency 
or 
17MAX 
will 
be 
somewhat 
less 
due 
to 
the 
saturation 
voltage 
of 01 
and 
forward 
on voltage 
of 
D1. 
The 
internal 
power 
loss 
due 
to 
these 
voltages 
is the 
average 
IL 
current 
flowing, 
or 
II N, 
through 
either 
VSAT 
or 
VD1. 
For 
VSAT 
= VD1 
= 
1V 
this 
power 


loss becomes 
IIN(DC) 
(lV).17MAX 
is then: 


Po 
Volo 
Volo 
17MAX = -= 
----- 
= -------- 


PIN 
Vo'o+'IN(lV) 
(tON) 
Volo 
+ 10 
1 +-- 
tOFF 


VIN 
17max =--- 
VIN + 1 


Th is equation 
assumes 
only 
DC 
losses, 
however 
17MAX 


is further 
decreased 
because 
of 
the 
switching 
time 
of 


01andD1. 


In 
calculating 
the 
output 
capacitor 
Co 
it can 
be seen 


that 
Co supplies 
10 during 
tON· 
The 
voltage 
change 
on 


Co 
during 
this 
time 
will 
be some 
toVc = toVo 
or 
the 
output 
ripple 
of the regulator. 
Calculation 
of Co is: 


10tON 
10tON 
toVo=--or 
Co=-- 
Co 
tovo 


( 
T 
) 
VIN 
From 
Vo = VIN 
-- 
; tOFF 
=--T 
tOFF 
Vo 


1 
where 
T = tON 
+ tOFF 
= f 


VIN 
(Vo 
- VIN) 
tON 
= T - --T 
= T ---- 
therefore: 


Vo 
Vo 


where: 
Co 
is in 
farads, 
f 
is the 
switching 
frequency, 
toVo is the pop output 
ripple 


V'NtON 
L1 = --- 
since 
during 
tON, 
toiL + 


tol Lp.p = 0041 L = OAIIN 
= OAlo(~), 
therefore: 
VIN 


VINtON 
T(Vo- 
VIN) 


L1 =---- 
and since 
tON ------- 


OAlo(~) 
V 
o 


VIN 


2.5 VIN2(Vo 
- VIN) 


L1=------- 


f loV02 


To 
apply 
the 
above 
theory, 
a complete 
step-up 
switch- 
ing 
regulator 
is shown 
in Figure 
20_ Since 
VIN 
is 5V, 


VREF 
is tied 
to 
VIN. 
The 
input 
voltage 
is divided 
by 


2 
to 
bias 
the 
error 
amplifier's 
inverting 
input. 
The 


output 
voltage 
is: 


also 
be 
noted 
that 
this 
circuit 
has no supply 
rejection. 


By 
adding 
a 
reference 
voltage 
at 
the 
non·inverting 
input 
to 
the 
error 
amplifier, 
see 
Figure 
21, 
the 
input 
voltage 
variations 
are rejected. 


The 
LM3524 
can 
also 
be used 
in inductorless 
switching 


regulators. 
Figure 
22 
shows 
a polarity 
inverter 
which 


if connected 
to Figure 
20 provides 
a -15V 
unregulated 
output. 


This 
holds 
the 
output 
of 
the 
error 
amplifier 
initially 


low thus 
reducing 
the duty-cycle 
to a minimum. 
Without 


the 
slow 
start 
circuit 
the 
inductor 
may 
saturate 
at 


turn-on 
because 
it 
has 
to 
supply 
high 
peak 
currents 


to 
charge 
the 
output 
capacitor 
from 
OV. 
It 
should 


Figure 
23 
shows 
a regulating 
series 
DC 
motor 
speed 
control 
circuit 
using 
the 
LM3524 
for 
the 
control 
and 
drive 
for 
the 
motor 
and 
the 
LM2907 
as a speed 
sensor 
for the feedback 
network. 
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'?'A National 
~ 
Semiconductor 
Voltage Regulators 


LH1605/LH1605C 
5 Amp, High Efficiency Switching Regulator 


General Description 


The 
LH1605 
is a hybrid 
sWitching 
regulator 
with 
high 


output 
current 
capability. 
It incorporates 
a temperature· 


compensated 
voltage 
reference, 
a duty cycle 
modulator 


with 
the oscillator 
frequency 
programmable, 
error ampli- 


fier, high current-high 
voltage 
output 
switch, 
and a power 


~iode. The LH1605 can supply 
up to 5A of output 
current 


over a wide 
range 
of regulated 
output 
voltages. 


• 
Step down 
switching 
regulator 


• 
Output 
adjustable 
from 
3.0 to 30V 


• 
5 A output 
current 


• 
High efficiency 


• 
Frequency 
adjustable 
to 100 kHz 


• 
Standard 
8-pin 
TO-3 
package 


N.C. 


VREF 


AMPIN 


CT 


STEERING 
DIODE 
(ANODE) 


ERROR 
AMPLIFIER 
INPUT 


OUTPUT 


010 DE 


N. C. 
INPUT 
Order Number 
LH1605K or LH1605CK 


See NS Package 
K08A 


lOUT 
Output 
Current 
6A 


TJ 
Operating 
Temperature 
150°C 


PD 
Internal 
Power 
Dissipation 
20W 


TA 
Operating 
Temperature 
Range 
LH1605C 
-25°C 
to +85°C 
LH1605 
-55°C 
to +125°C 


TSTG 
Storage 
Temperature 
Range 
-65°C 
to +150°C 


VR (VS-7) Steering 
Diode 
Reverse 
Voltage 
60V 


ID (17-S) 
Steering 
Diode 
Forward 
Current 
6A 


Electrical Characteristics 
Tc = 25°C, 
V1N= 15V unless 
otherwise 
specified. 


LH1605 
LH1605C 


Symbol 
Characteristics 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 


VOUT 
Output 
Voltage 
Range 
V1N ;. VOUT+ 5V 
3.0 
30 
3.0 
30 


lOUT= 2A (Note 
2) 


Vs 
Switch 
Saturation 
Voltage 
Ic=5.0A 
1.5 
2.0 
1.5 
2.0 


Ic=2.0A 
1.0 
1.2 
1.0 
1.2 
V 


VF 
Steering 
Diode 
On 
ID=5.0A 
2.0 
2.8 
2.0 
2.8 


Voltage 
ID=2.0A 
1.6 
2.0 
1.6 
2.0 


V1N 
Supply 
Voltage 
Range 
10 
35 
10 
35 


IR 


Steering 
Diode 
Reverse 
VR=25V 
0.1 
10.0 
0.1 
10.0 
flA 
Current 


lOUT= 0.2A 
(Note 
3) 
30 
30 


10 
Quiescent 
Current 
50% 
Duty 
Cycle 


mA 


0% 
Duty 
Cycle 
(V3 = 3.0V) 
6 
6 


100% 
Duty Cycle 
(V3 = OV) 
46 
46 


V2 
Reference 
Voltage 
on Pin 2 
2.42 
2.50 
2.58 
2.50 
V 


TM1N<; TA <; TMAX 
2.40 
2.50 
2.60 
2.50 


I1V2/I1T 
V2 Temperature 
Coefficient 
100 
100 
ppm/oC 


I1V2 
Line 
Regulation 
of 
10V <; V1N<; 35V 
20 
30 
20 
mV 
Reference 
Voltage 
on Pin 2 
TM1N<; TA <; TMAX 


V3 
Voltage 
on Pin 3 
(Note 
4)1 
2.45 
2.50 
2.55 
2.50 


ITM1N<; Tc <; TMAX 
V 
2.42 
2.50 
2.58 
2.50 


V4 
Voltage 
Swing 
- 
Pin 4 
3.0 
3.0 
V 


14 
Charging 
Current 
- 
Pin 4 
70 
70 
flA 


I1RA/I1T 
Resistance 
Temp. 
Coeff. 
75 
75 
ppm/oC 


tr 
Voltage 
Rise Time 
VouT=10V 
IOUT=2.0A 
350 
350 


louT =5.0A 
500 
500 
ns 


tf 
Voltage 
Fall Time 
VouT=10V 
lOUT=2.0A 
300 
300 


louT=5.0A 
400 
400 


ts 
Storage 
Time 
VouT=10V 
1.5 
1.5 
flS 


td 
Delay 
Time 
IOUT=5.0A 
100 
100 
ns 


PD 
Power 
Dissipation 
VOUT= 10V 
16 
16 
W 


'1 
Efficiency 
IOUT=5.0A 
75 
75 
% 


8JC 
Thermal 
Resistance 
5.0 
5.0 
°C/W 


Note 1: 8JA is typically 3lJ"C/W for natural convection cooling. 
Note 2: VOUTand lOUTrefer to the output DC voltage and output current of a SWitching supply after the output LC filter as shown in the 
Typical Application 
circuit. 


Note 3: Quiescent 
current 
depends on the duty cycle of the switching 
transistor. 
The average quiescent 
current 
may be calculated 
from known operating 
parameters. 


Note 4: Voltage on pin 3 is tested by applying a +5.0VDC voltage through a precision 2.0kQ resistor to pin 3. This method combines the 
error due to the input bias current of the error amplifier, 
and the tolerance 
of the 2kQ resistor 
from pin 3 to ground. 
Note 5: The input offset 
voltage of the error amplifier 
is wafer tested to a maximum 
of 10mV. 


Typical Performance Characteristics 


Frequency vs. Timing 
Frequency vs. 
Power Derating Curve 
Capacitance 
Temperature 
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Diode Forward Voltage 
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vs. Forward Current 
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Typical Performance Characteristics 
(continued) 


Quiescent 
Current 
vs. 


Temperature 
Switch 
Saturation 
Diode Forward 
Saturation 
(100% 
Duty Cycle) 
Volta!!~~. 
Te"!Perature 
Voltage 
vs. Temperature 
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Test Circuit 
for Typical 
Characteristic 
Curves 
Typical 
Application 


220jAH 
LM130 
+15V 
5 
8 
= 
5.8V 
12V 
IN 
OUT~ 
J-::} 


IN 
OUT 
+ 
SECONDARY 
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Typical 
Power 
Supply 
System 
Motor 
Speed 
Regulation 
System 


Output Voltage 
Programming 


A single 
resistor 
is required 
to 
set the 
supply 
output 
voltage. 
The value may be computed 
using the following 
relationship: 


Vour-2.5V 
Rs = 2 kQ --2-.5-V-- 


The internal 
2kQ resistor 
connected 
between 
pin 
3 and 


ground 
has 
a typical 
tolerance 
of ±1% 
and 
a typical 
temperature 
coefficient 
of ±75ppm/oC. 
Thus the overall 
supply 
tolerance 
may be computed 
given the tolerance 
of the reference 
voltage 
at pin 2. 


Permanent 
damage 
to the device 
will 
result 
under 
pro- 
longed 
(> 10 ms) short 
circuit 
condition. 
Current 
limit 
protection 
may be added 
using the circuit 
shown 
in the 


following 
figure: 


Even at moderate 
output 
power, there will be significant 
self-heating 
due to internal 
power dissipation. 
The junc- 
tion 
temperature 
rise must 
be kept 
below 
150°C under 
all operating 
conditions. 
A useful 
expression 
for steady- 
state 
thermal 
design 
is given 
below: 


P 
TJ(MAX)- TA(MAx) 
DISS= 
BJC+ Bcs + BSA 


TJ(MAX)= Maximum 
allowable 
junction 
temperature, 
°C. 


TA(MAX)= Maximum 
ambient 
operating 
temperature, 
°C. 


BJC= Device junction-to-case 
thermal 


resistance, 
typically 
4.5°C/W. 


Bcs = Case-to-heatsink 
thermal 
resistance 
in °C/W. 


BSA= Heatsink-to-ambient 
thermal 
resistance 


in °C/W. 


Typically, 
the 
case-to-heatsink 
thermal 
resistance 
de- 


pends 
on the 
interface 
materials 
used. 
The following 
list gives the expected 
values 
for various 
materials: 


L 
8= 


+ 
LH1605 


1 


RS 


CASE 
2 


INPUT 


j 


+ 
CT 
10~F 


0.002" thick 
insulating 
Mica, 


without 
thermal 
grease 
with thermal 
grease 


0.003" thick 
insulating 
Mica, 


without 
thermal 
grease 
with thermal 
grease 


Bare joint, 


without 
thermal 
grease 
with thermal 
grease 


1.20°C/W 
0.35°C/W 


1.30°C/W 
0.38°C/W 


0.50°C/W 
0.15°C/W 


Most 
heatsink 
manufacturers 
do provide 
the heatsink- 


to-ambient 
thermal 
resistance, 
under 
convection 
as 


weli as forced-air 
cooling. 
A partial 
list of the hardware 


is included 
in the back of the data sheet. 


Reference 
Voltage 
Bypass 


Because 
of the inherent 
high 
current 
switching 
nature 
of the device, 
switching 
spikes 
can find 
their 
way into 


the 
linear 
amplifier 
circuit. 
Output 
noise 
and 
ripple 


voltage 
can 
be improved 
drastically 
by bypassing 
the 


reference 
voltage 
pin with 
a lO~F 
solid 
tantalum 
capa- 


citor 
connected 
from 
pin 2 to ground. 


Minimization 
of Output Voltage 
Spikes 


The best solution 
to minimize 
switching 
spike noise can 
be found 
in laying 
out the circuit. 
An input 
single-point 


ground 
and 
an output 
single-point 
ground 
should 
be 


used. The schematic 
is shown 
in the typical 
application 
circuit. 
Where high current 
flows, conductor 
trace should 


be as wide as possible. 


The ripple current 
frequency 
is usually 
in the order of tens 


of kilohertz, 
therefore 
the input and output 
filter 
capaci- 


tors should 
be of low ESR (Equivalent 
Series Resistance) 


type over extended 
frequency 
range in order to minimize 


noise 
generation. 
They 
should 
be of high 
quality 
con- 


struction 
with 
ratings 
sufficient 
to 
withstand 
current 


and voltage 
surges. Generally, 
selecting 
a capacitor 
with 


a working 
voltage 
rating 
that is a minimum 
of 10V above 


the worst-case 
operating 
voltage 
is recommended. 


The output 
can be fi Itered further 
by means of a very high 


frequency 
rr-filter network 
using inexpensive 
ferrite beads. 


An example 
is shown in the figure below. Because the fre- 


CURRENT LIMIT 
CIRCUIT 


RSC 


1 


""'["' 


RSC=~ 
ISC 


1-167 


dance 
peak 
in that 
region. 
One or more 
beads 
may be 
strung 
in series 
on the 
wire 
to 
increase 
the 
peak 
im- 
pedance 
as well as to increase 
the absorption 
loss to the 
higher 
frequencies. 
This would 
also 
minimize 
parasitic 
oscillation. 


RFI/EMI 
Suppression 


High 
frequency 
radiation 
can 
be an important 
system 


consideration, 
particularly 
if the surrounding 
circuitry 
is 
sensitive 
to it. Metallic 
shielding 
around 
the switching 


circuitry 
is an effective 
means 
of suppression. 
A per- 


forated 
metal 
cover works 
well both to contain 
radiation 
and to allow 
unrestricted 
convection 
cooling. 
Grounded 


conductor 
plane 
on the 
PC board 
also 
helps 
fully 
en- 


close 
the critical 
circuits. 


Metallic 
shield 
is generally 
adequate 
in shielding 
the 
magnetic 
field 
radiated 
around 
the 
magnetic 
compo- 
nents. 
A more 
effective 
design 
is the 
use of the 
self- 


shielding 
property 
of ferrite 
pot core, which 
acts as EMI 


shield 
around 
the coil winding. 
Magnetic 
flux leakage 
of 


this 
type 
is minimal. 


Design Guide 


Efficiency 
Calculation 


The 
design 
of 
a complete 
voltage 
regulator 
with 
the 
LH1605 is relatively 
straightforward. 
The efficiency 
of a 


regulator 
can be calculated 
with the following 
equations: 


POUTx 100 
Efficiency 
(~)= ---- 
PIN 


Transistor 
DC Losses 
(PT)= lOUTX Vs 
tON 
tON +tOFF 


. 
tOFF 
Diode DC Losses 
(Po) = lOUTX Vs ---- 
tON +tOFF 


Drive Circuit 
Losses 
(DLJ= 
VIN2 X 
tON 
300 
tON + tOFF 


Switching 
Losses 
Transistor 
(Ps) = 


VIN X lOUT 
tf + tf 


2(toN + tOFF) 


tON 


tON +tOFF 


Diode Duty Cycle = 
tOFF 
- 
1 _ VOUT 
(7) 


tON + tOFF 
V1N 


Power Inductor 
(PLJ=120UTX RL (winding 
resistance) 
(8) 


Efficiency 
(~)= 
VOUTlOUT 
X 100 (9) 
VOUTloUT+PT+Po+DL 
+PS+PL 


I. MaXimum 
ana minimum 
Input 
voltage. 


2. Required 
output 
voltage. 


3. Maximum 
and minimum 
load current. 


4. Maximum 
allowable 
ripple 
voltage. 


5. Desired 
switching 
frequency. 


The values of the output 
LC filter 
can be computed. 
First, 


the off-time 
of the switching 
transistor 
is calculated. 


1-~ 
tOFF = 
VIN(MAX) 


f 


The 
minimum 
equivalent 
frequency 
of 
the 
switching 
transistor 
at minimum 
input 
voltage 
is: 


1-~ 
fM1N= 
VIN(MIN) 


tOFF 


The allowable 
peak-to-peak 
ripple 
current 
(!Ii) through 
the inductor 
is: 


!Ii = 2 x 10(MIN) 
(12) 


The inductance 
can now be calculated 
by: 


L = VOUTtOFF 
(13) 
!Ii 


The 
value 
calculated 
for 
!Ii 
is 
somewhat 
arbitrary. 
However, 
equation 
12 is a good 
rule of thumb. 
Thus 
!Ii 


may 
be adjusted 
to 
obtain 
a practical 
value 
for 
the 
inductance. 


The minimum 
output 
filter 
capacitance 
is given by: 


!Ii 


8xfMIN 
X!leo 


where 
!leo is the allowable 
ripple 
voltage. 


Finally, 
the maximum 
ESR of the capacitor 
is: 


!leo 


ESRMAx=6i 


Inductor 
Design 


One last 
bit of information, 
L12, must 
be calculated 
in 
order 
to determine 
the 
minimum 
usable 
inductor 
core 
without 
core saturation. 
The L is the inductance 
obtained 


from 
equation 
13, and I is the maximum 
DC output 
cur- 


rent 
in the 
inductor, 
which 
equals 
10(MAx)+ !Ii. With 
the 


values 
of L and the product 
L12 known, 
one can select 
the optimum 
magnetic 
core from the core manufacturer 


catalogues. 
Several 
magnetic 
material 
manufacturers 


offer 
full lines of easily 
obtainable 
components. 
Refer to 


the last page of this data sheet for a partial 
list of manu- 
facturers. 
A few vendors 
offer 
simplified 
design 
guides, 


such 
as the 
Magnetics 
Inc. Technical 
Bulletin 
Number 
SR-1, which 
makes 
a useful 
reference 
for any sWitching 


power 
system 
designer. 


At this point, the designer 
must choose the core material 


type. 
There 
are 
two 
popular 
types 
- 
molypermalloy 


powder 
and ferrite 
cores. 
Both offer advantages 
depend- 


ing on cost, 
space 
limitations, 
winding 
capabilities, 
and 
size for a given operating 
frequency. 


Ferrite pot cores have the advantages 
of ease of winding 


and 
inherent 
magnetic 
self-shielding, 
whereas 
moly- 


permalloy 
powder 
cores are made of insulated 
embrittled 
alloy 
powder 
which 
provides 
a uniformly 
distributed 
air 


gap. The effect 
is that the latter 
is capable 
of higher 
flux 


density 
for a given core size than 
ferrite 
core. 


Once the core is selected, 
the number 
of winding 
turns 


N can be determined 
to obtain 
the required 
inductance: 


where: 


N = number 
of turns 
needed. 


L = inductance 
desired. 


L1000 = nominal 
inductance 
(mH/1000 
turns) 
for a 


given core specifed 
by the manufacturers. 


Design Example 


Design 
requirements: 


V1N(MAX)= 15V 


V1N(MIN)= 10V 


VouT=5V 


10(MAX)=3A 


10(MIN)= 1A 


Output 
Ripple 
(/\eo)=20mV 


Operating 
Frequency 
(f) = 25kHz 


Using 
equations 
10 through 
15: 


5V 


1 - 
15V 


25kHz 


5V 


fM1N= 
1 - 
10V 
= 18.7kHz 


26.7!,s 


/\i=2x1A=2A 


5Vx26.7!,s 
L= 
2A 
= 67!,H 


2A 


C= 
8x 
18.7kHzx20mV 
668!,F 
Minimum 


20 x 10-3 
ESRMAX= 
2 
= 10 mQ 


The power 
handling 
capability 
of the inductor 
is calcu- 


lated: 


EL = U2 


where: 


L= Inductor 
I = Peak current 
in the inductor 
= 10(MAx)+ L>i 
U2= (67 !,H) (3A + 2A)2 = 1.68millijoules 


Assuming 
molypermalloy 
powder 
core is chosen 
for the 


design, 
and using 
the Core Selection 
Table 
in the 
Mag- 


netic, Inc. Technical 
Bulletin 
Number 
SR-1, the minimum 
core size usable 
with 
minimum 
winding 
is Part Number 


55894, which 
is a 60 perm core. 
Since 
the 
125 perm of 


the 
same 
core 
size 
family 
is very 
popular 
and 
conse- 


quently 
of lower 
cost, 
the 55930 part is selected 
for the 


design. 
The specified 
nominal 
inductance 
is 157mH 
per 


1000 turns. 
The numer 
of turns 
is calculated 
from 
equa- 


tion 
16: 


67!,H 
= 21 turns 
157mH 


Using the Frequency 
vs. Timing 
Capacitor 
Plot, a O.ool!,F 


capacitor 
is used in order to obtain 
the 25 kHz operating 


frequency. 


Finally, 
the output 
of 5V is programmed 
by computing 


the output 
voltage·set 
resistor: 


VouT-2.5V 
Rs= 
2kQ 
----- 
=2kQ 


2.5V 


+ 


2kQ 
1 


YoUT 


+1000/iF j 
16V 


VIN = 12V 


VOUT=5V 


Output 
Ripple 
(@ 10= 1A) = 50mVp.p 


(@ 
10= 3A) = 100mVp.p 


Load Regulation 
(lA 
to 3A) = 30mV 


Line Regulation 
(10V to 20V) = 10mV 


- 


o 
~ ~National 
::?i 
~ 
Semiconductor 
...I 


Voltage Regulators 


LM2930 3·Terminal Positive Regulator 


The LM2930 3-terminal 
positive 
voltage 
regulator 
features 


an ability 
to source 150 mAof 
output 
current with an input- 


output 
differential 
of 0.6V or less. Efficient 
use of low input 


voltages 
obtained, 
for example, from an automotive 
battery 
during cold crank conditions, 
allows5V 
circuitry 
to be prop- 


erly powered with supply voltages 
as low as 5.6V. Famiiiar 


regulator 
features 
such 
as 
current 
limit 
and 
thermal 


overload 
protection 
are also provided. 


Designed 
primarily 
for 
automotive 
applications, 
the 


LM2930 
and 
all 
regulated 
circuitry 
are 
protected 
from 


reverse battery 
installations 
or 2 battery jumps. During line 


transients, 
such 
as a load 
dump 
(40V) when 
the 
input 


voltage 
to 
the 
regulator 
can 
momentarily 
exceed 
the 


specified 
maximum 
operating 
voltage, 
the reguiator 
will 


automatically 
shut down to protect 
both internal 
circuits 


and the load. The LM2930 cannot 
be harmed by temporary 


mirror-image 
insertion. 


Fixed 
outputs 
of 5V and BV are available 
in the piastic 


TO-220 power package. 


• 
Input-output 
differential 
less than 0.6V 


• 
Output 
current 
in excess of 150 mA 


• 
Reverse battery 
protection 


• 
40V load dump protection 


• 
Internai 
short circuit 
current 
limit 


• 
Internal 
thermal 
overload 
protection 


• 
Mirror-image 
insertion 
protection 


• 
100% electrical 
burn·in in thermal 
limit 


Voltage Range 


LM2930T·5.0 
5V 


LM2930T-B.0 
BV 


(TO·220) 
Plastic 
Package 


~====::>:~~~PUT 
LLJF~.------..,: 
INPUT 


Order 
Number 
LM2930T·5.0 
or LM2930T·B.O 


See NS Package 
T03B 


Input Voltage 
Operating 
Range 
Overvoltage 
Protection 


Reverse 
Voltage 
(100 ms) 


Reverse 
Voltage 
(DC) 


Internal 
Power Dissipation 
(Note 1) 
Internally 
Limited 


Operating 
Temperature 
Range 
- 40'C 
to + 85'C 


Maximum 
Junction 
Temperature 
125'C 


Storage Temperature 
Range 
- 65'C 
to + 150'C 


Lead Temperature 
(Soldering, 
10 seconds) 
230'C 


26V 
40V 
-12V 
-6V 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Output 
Voltage 
6V:sVIN:s26V,5 
mA:s10:s150 
mA, 
4.5 
5 
5.5 
V - 


-40'C:sTj:S 
+125'C 


Line Regulation 
9V:sVIN:s16V, 
10=5 
mA 
7 
25 
mV 


6V:sVIN:s26V, 
10=5 
mA 
30 
80 
mV 


Load Regulation 
5 mA:s 10:S 150 mA 
14 
50 
mV 


Output 
Impedance 
100 mADC & 10 mArms, 100 Hz-lO kHz 
200 
mn 


Quiescent 
Current 
10=10mA 
4 
7 
mA 


10= 150 mA 
18 
40 
mA 


Output 
Noise Voltage 
10 Hz-l00 
kHz 
140 
I'Vrms 


Long Term Stability 
20 
mV/l000 
hr 


Ripple Rejection 
fo= 
120 Hz 
56 
dB 


Current 
Limit 
150 
400 
700 
mA 


Dropout 
Voltage 
10= 150 mA 
0.32 
0.6 
V 


Output 
Voltage 
Under 
-12V:sVIN:s40V, 
RL= 100n 
-0.3 
5.5 
V 
Transient 
Conditions 


Electrical Characteristics 
(Note 2) 


LM2930T-8.0 (VIN = 14V, 10 = 150 mA, Tj = 25 'c, C2 = 10 I'F, unless otherwise 
specified) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Output 
Voltage 
9.4V:sVIN:s26V, 
5 mA:s10:s150 
mA, 
7.2 
8 
8.8 
V 


-40'C:sTj:S 
+ 125'C 


Line Regulation 
9.4V:s VIN:S 16V, 10 = 5 mA 
12 
50 
mV 


9.4V:s VIN:S 26V, 10 = 5 mA 
50 
100 
mV 


Load Regulation 
5 mA:s 10:S 150 mA 
25 
50 
mV 


Output 
Impedance 
100 mADC & 10 mArms, 100 Hz-lO kHz 
300 
mn 


Quiescent 
Current 
10= 10 mA 
4 
7 
mA 


10= 150 mA 
18 
40 
mA 


Output 
Noise Voltage 
10 Hz-lOO kHz 
170 
I'Vrms 


Long Term Stability 
30 
mV/lOOO hr 


Ripple Rejection 
fo= 
120 Hz 
52 
dB 


Current 
Limit 
150 
400 
700 
mA 


Dropout 
Voltage 
10= 150 mA 
0.32 
0.6 
V 


Output 
Voltage 
Under 
-12V:sVIN:s40V, 
RL= 100n 
-0.3 
8.8 
V 
Transient 
Conditions 


Note 1: Thermal 
resistance 
without 
a heat sink for junction 
to case temperature 
is 4 °efW and for case to ambient 
temperature 
is 50°Crw. 


Not82: All characteristics 
are measured 
with a capacitor 
across the input of 0.1 JlF and a capacitor 
across the output of 10 p.F.All characteristics 
except noise 
lJoltage and ripple rejection ratio are measured using pulse techniques (tw~10 ms, duty cycle~5%). Output voltage changes due to changes in internal 
temperature 
must be taken into account 
separately_ 


1-171 


Dropout 
Voltage 
Dropout 
Voltage 


0.6 
0.6 


?: 
?: 
Tj = 25°C 


-' 
0.5 
-' 
0.5 
<:: 
<:: 
;::: 
;::: 
2 
2 
w 
0.4 
10 = ~OmA f---- 
w 
0.4 
a: 
a: 
w 
w 
•... 
--- 
I 


•... 
•... 
•... 
J 
C 
0.3 
C 
0.3 
.... 
J 
.... 
/' 
:::> 
10 = 50 mA 
~ 
./ 
... 
.... 
0.2 
I- 
0.2 
V 
:::> - 


:::> 
0 
....- 
0 
./ 
,.:. 
,.:. 


:::> 
0.1 
:::> 
0.1 
... 
... 
'/ 
~ -- 
10 = 10 mA 
~ 


0 
I 
0 
0 
50 
100 
150 
0 
50 
100 
150 
200 


JUNCTION TEMPERATURE (OC) 
OUTPUT CURRENT (mA) 


Low 
Voltage 
Behavior 
High 
Voltage 
Behavior 


6.0 
8 
LM2930·5 
LM2930·5 
10 = 150 mA 
7 
RL = lOOn 


5.0 
V 
6 
?: 
?: 
w 
/ 
w 
5 
'" 
'" 
<:: 
4.0 
/ 
<:: 
.... 
I- 
-' 
-' 
0 
/ 
0 
4 
I 
> 
> 
.... 
3.0 
I- 
3 
:::> 
:::> 
I 
... 
... 
.... 
I- 
:::> 
:::> 
2 
0 
2.0 
0 
I 
" 
1 I 
1.0 
0 
2.0 
3.0 
4.0 
5.0 
6.0 
0 
10 
20 
30 
40 


INPUT VOL TAGE (V) 
INPUT VOLTAGE (V) 


Line 
Transient 
Response 
Load 
Transient 
Response 


w_ 
20 
Tj = 25°C 
c- - 
VIN -VOUT 
= 9V 
w_ 
40 
VIN - VOUT = 9V 
"'> 
10=150mA 
C2=101'F 
"'> 
C2 = 10 I'F 
<:: E 
<:: E 
.... - 
,.. 
I \. 
.... - 
... 
-'2 
0 
-'2 
0 
00 
00 
>- 
>- 
•... 1- 
I 
1\ 
........ 
\/ 
:::>~ 
J 
:::><:: 
••. >-20 
\I 
~ ~-40 
•... w 
\If 
go 
go 


w 
C( 
"'- 
..s 
<::> 
....- 
I- 
-'w 
3 
2 
0", 
w 
>2 
a: 
150 
1-<:: 
a: 
:::>:Z: 
:::> 
••.u 
u 
~ 
0 
0 
0 
<:: 
0 
15 
30 
45 
0 
0 
15 
30 
45 
-' 


TIME (I's) 
TIME (I's) 


Typical Performance Characteristics 
(Continued) 


Peak Output 
Current 
Quiescent 
Current 


600 


I 
° 


35 
VIN = 14V 


500 
~5C 
<C 
30 
t- Tj = 25°C 


<C 
-- 


.§ 
.§ 
.- 
t- 
25 
t- 
400 
T- = -40°C 
z 
z 
,/ 


~50C 


w 
w 
.-"" 
II: 
20 
II: 
II: 
~ 
II: 
300 
:::l 
:::l 
I ~ 
'-' 
./ 
'-' 
t- 
15 
t- 
/< 
z 
,/' 
ie 
200 
w 
./ 
'-' 
t- 
, 
~ 
10 
:::l 
0 
:::l 
V 


,/' 
100 
c:l 
5 - 
0 
0 


0 
5 
10 
15 
20 
25 
30 
0 
30 
60 
90 
120 
150 


INPUT VOL TAGE (V) 
OUTPUT CURRENT (mA) 


Quiescent 
Current 
Quiescent 
Current 


22 
70 
lM'2930-5 


<C 
20 
10 
1 
=15 
1 
0mA 
<C 
60 


.§ 
.§ 
t- 
18 
t- 
50 
z 
~ 
W 
II: 
16 
II: 
40 
II: 
II: 


:::l 
:::l 
'-' 
'-' 
t- 
9 
10 = 50 mA 
t- 
30 
z 
z 
w 
w 
"' 
'-' 
'-' 
10=150mA 
'" 
6 
~ 
20 
~ 
I 
:::l 
:::l 
1 1_ 
c:l 
c:l 
10 
( 
10 - 0 mA 
10 = 50 mA 
3 
101 
- 0 


0 
0 


-40 
0 
40 
80 
120 
160 
0 
10 
20 
30 


JUNCTION TEMPERATURE 
1°C) 
INPUT VOL TAGE (V) 


Ripple 
Rejection 
Ripple 
Rejection 


80 
80 
10 = 50 mA 
VIN - VOUT = 9V 


iiJ 
~ 
iiJ 


." 
60 
"0 
60 
z 
........••.. 
z 
0 
0 


;:: 
" 
/ 
i= 
'-' 
~ 
~ 
40 
'\, 
w 
40 
w 
II: 
II: 
w 
w 


-' 
-' 
"- 
~ 
"- 
20 
a: 
20 
II: 


VIN-VOUT 
= 9V 


0 
10 = 120 Hz, 


0 
1 
10 
100 
lk 
10k 
lOOk 
1M 
0 
50 
100 
150 


fREQUENCY 
(Hz) 
OUTPUT CURRENT (mA) 


- 


Output 
Impedance 
Overvoltage 
Supply 
Current 
Reverse 
Supply 
Current 


10 
30 
50 
'0 - 50 mA 
Rl"100n 
Tj = 25'C 
Tj - 25'C 
25 
Tj" 2SoC 
g 
I 
I 
« 
« 
,/ 


w 
1 I 
I 
I 
I 
I 
I!".. I 
~ 
~ 
/' 
u 
20 
•... 
-50 
z 
•... 


::'i 
...... 
V 
~ 
i 


0: 


~ 


15 
~ 
~ 
-100 
V 
I 
Y 
I 
I 
V 
V 
~ 
0.1 
1 
I...•.•••.. T 
I 
1 
1 
> 
> 
10 
~ 
-150 
•... 
~ 
./ 
/ 
:> 
:> 
c 
~ 


-200 


0.01 I 
I 
I 
I 
I 
I 
I 
0 
-250 


1 
10 
100 
lk 
10k 
lOOk 
1M 
20 
25 
30 
35 
40 
-12 
-10 
-8 
-6 
-4 
-2 


FREOUENCY IHzl 
INPUT VOLTAGE (VI 
INPUT VOLTAGE (VI 


o 
~ 
Typical Performance 
Characteristics 
(Continued) 
N:!: 
...J 


Output 
at Reverse 
Supply 
Output 
at Overvoltage 


0.1 
0.2 


Rl"~ 
Rl =~ 


Tj = 25°C 
Ti'''' 25°C 


~ 
~ 
0.15 


w" 
" 
'"~ 
~ 
c 
-il.l 
0.1 
> 
1-1- 
c 
•.•1- 
> 


~ 


•... 


t-" 
:> 


~ 
!:; 
- 
-0.2 
0.05 
0 
-- 
- 
-0.3 L-J-l.-L--'-...J.......L.l-L...J-l.-L...J 


-12 
-10 
-8 
-;; 
-4 
-2 


INPUT VOLTAGE (VI 


OL-....l--L-l._L-....l-....L---'---' 


30 
35 
40 


INPUT VOLTAGE IVI 


Output 
Voltage 
(Normalized 
to 1V at Tj = 25°C) 


~ 
1.000 f-+",...---±..-I-....,:::lr-....-+-+-+---l 


c 
" 
~O~95 
, 


•... 
50.9901-+-+--+--+--+-1-+-+-1 
o 
N 
~ 
0.985 1-+-+--+--+--+-1-+-+--1 


~ 
I- VIN " 14Vf-+-+-+-+-+-j 


z 0.980 
l-.l-...L-L-L---'_L-..L--'---' 


-40 -20 
0 
20 
40 
60 
80 
100 
120 
140 


JUNCTION TEMPERATURE 
rCI 


V,N 
UNREGULATED 
INPUT 
Cl*O·'T 


VDUT 
REGULATED 
OUTPUT 
+ C2** 
T'OI.lF 


V,N 
VDUT 
GND 


'Required if regulator is located far 
from power supply filter. 


"C2 may be either an Aluminum or 
Tantalum type capacitor but must be 
rated to operate at -40·C to guarantee 
regulator stability to that temperature 
extreme. 10l.lF is the minimum value 
required for stability and may be 
increased without bound. Locate as 
close as possible to the regulation. 


Dropout 
Voltage: The input-output 
voltage 
differential 
at 
which 
the 
circuit 
ceases 
to 
regulate 
against 
further 
reduction 
in input 
voitage. 
Measured 
when the output 
voltage 
has dropped 
'100 mV from 
the 
nominal 
value 
obtained 
at 14V input, dropout voltage 
is dependent 
upon 
load current 
and junction 
temperature. 


Input 
Voltage: 
The DC voltage 
applied 
to the input 
ter- 


minals 
with 
respect 
to ground. 


Input·Output 
Differential: 
The voltage difference 
between 
the unregulated 
input voltage 
and the regulated 
output 


voltage 
for which 
the regulator 
will operate. 


Line 
Regulation: 
The change 
in output 
voltage 
for 
a 


change 
in the input 
voltage. The measurement 
is made 
under 
conditions 
of low dissipation 
or by using 
pulse 


techniques 
such that the average chip temperature 
is not 
significantly 
affected. 


Load 
Regulation: 
The change 
in output 
voltage 
for 
a 


change 
in load current 
at constant 
chip temperature. 


Long 
Term 
Stability: 
Output 
voltage 
stability 
under 


accelerated 
life-test 
conditions 
after 
1000 hours 
with 


maximum 
rated voltage 
and junction 
temperature. 


Output 
Noise Voltage: The rms AC voltage 
at the output, 


with constant 
load and no input ripple, measured 
over a 


specified 
frequency 
range. 


Quiescent 
Current: That part of the positive 
input current 


that does not contribute 
to the positive 
load current. The 


regulator 
ground 
lead current. 


Ripple Rejection: 
The ratio of the peak-to-peak 
input rip- 


ple voltage 
to the peak-to-peak 
output 
ripple 
voltage. 


Temperature 
Stability 
of Vo: The percentage 
change 
in 
output 
voltage 
for 
a 
thermal 
variation 
from 
room 
temperature 
to either 
temperature 
extreme. 


Maximum 
Average Power 
Dissipation 


16 
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~ 
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LM2931 Series Low Dropout Regulators 


General Description 
Features 


The LM2931 positive 
voltage 
regulator 
features 
a very low 
quiescent 
current 
of 1 mA or less when 
supplying 
10 mA 
loads. 
This 
unique 
characteristic 
and the extremely 
low 
input-output 
differential 
required 
for 
proper 
regulation 


(0.2V for output 
currents 
of 10 mAl make the LM2931 
the 


ideal 
regulator 
for standby 
power 
systems. 
Applications 
include 
memory 
standby 
circuits, 
CMOS 
and 
other 
low 
power 
processor 
power 
supplies 
as 
well 
as 
systems 
demanding 
as much 
as 150 mA of output 
current. 


Designed 
primarily 
for 
automotive 
applications, 
the 
LM2931 
and 
all 
regulated 
circuitry 
are 
protected 
from 
reverse 
battery 
installations 
or 2 battery 
jumps. 
During 
line transients, 
such 
as a load dump 
(60V) when 
the input 
voltage 
to 
the 
regulator 
can 
momentarily 
exceed 
the 
specified 
maximum 
operating 
voltage, 
the regulator 
will 
automatically 
shut 
down 
to protect 
both 
internal 
circuits 
and the load. The LM2931 cannot 
be harmed 
by temporary 
mirror-image 
insertion. 
Familiar 
regulator 
features 
such 
as short 
circuit 
and thermal 
overload 
protection 
are also 
provided. 


Fixed output 
of 5V is available 
in the plastic 
TO-220 power 
package 
or the popularTO-92 
package. 
An adjustable 
out- 


put 
version, 
with 
on/off 
switch, 
is available 
in a 5-lead 
TO-220 package. 


• 
Very low quiescent 
current 


• 
Output 
current 
in excess 
of 150 mA 


• 
Input-output 
differential 
less than 0.6V 


• 
Reverse battery 
protection 


• 
60V load dump 
protection 


• 
-5OV 
reverse transient 
protection 


• 
Short circuit 
protection 


• 
Internal 
thermal 
overload 
protection 


• 
Mirror-image 
insertion 
protection 


• 
Available 
in plastic 
TO-220 or TO·92 


• 
Available 
as adjustable 
with TIL 
compatible 
switch 


Output Voltage Options 


LM2931AT-5.0 
5V 
LM2931AZ-5.0 


LM2931T 
Adjustable 


(Contact 
factory 
for other 
fixed 
output 
options.) 


R2 
5V: 
lOOk 
AOJ:oo 


~I 
OUT 
O~~:O 


Order 
Number 
LM2931AT-5.0 
See NS Package 
T03B 


OUT~PUT 


GN><::-/ 


Order 
Number 
LM2931AZ-5.0 
See NS Package 
Z03A 


~ 
OUT 
:~:~OFF 


ADJUST 


Order 
Number 
LM2931T 
See NS Package 
TOSA 


Input 
Voltage 
Operating 
Range 
Overvoltage 
Protection 


LM2931A, 
LM2931 Adjustable 
Internal 
Power Dissipation 
(Note 1) 
60V 
Internally 
Limited 


Electrical 
Characteristics 
for 5V 


(V1N = 14V, 10 = 10 mA, Tj = 25·C 
unless 
otherwise 
specified) 


Load Regulation 


Output Impedance 


Quiescent Current 


Output Noise Voltage 


Long Term Stability 


Ripple Rejection 


Dropout 
Voltage 


Maximum 
Operational 


Input Voltage 


Maximum Line Transient 


Reverse Polarity 
Input 
Voltage, DC 


Reverse Polarity 
Input 
Voltage, Transient 


6.0VSV1NS26V, 
IDs 150 mA, 


-40·C:sljs 
+12S-C 


9V:sVINS16V 
6V:sVINS26V 


5 mAslo=s150 
mA 


100 mADe and 10 mArms, 100 Hz-l0 
kHz 


10.$10 mA, 6V:sV1N:s26V, 
-40·C::s:Tj:s+12SoC 


to=150 
mA, V1N=14V, T,=25°C 


10 Hz-1OO 
kHz 


fo= 120 Hz 


10=10 
mA 


10=150 
mA 


RL = 50on, 
Vo:sS.5V 


Vo?:. -O.3V 


Operating 
Temperature 
Range 
- 40·C to + 85·C 


Maximum 
Junction 
Temperature 
125·C 


Storage 
Temperature 
Range 
- 65·C to + 150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
230·C 


Electrical 
Characteristics 
for Adjustable 


(V1N"" 
VOUT+ 
0.6V, 10= 
10 mA, Tj = 25·C 
unless 
otherwise 
specified) 


Output Voltage Range 


Line Regulation 


Load Regulation 


Output Impedance 


Quiescent 
Current 


Output Noise Voltage 


Long Term Stability 


Ripple Rejection 


Dropout Voltage 


Maximum 
Operational 
Input 


Voltage 


Maximum 
Une Transient 


Reverse Polarity Input 
Voltage, DC 


Reverse Polarity Input 
Voltage, Transient 


On/Off Threshold 
Voltage 


On 
Off 


On/Off Threshold 
Current 


los 150 mA, - 40°Cs 1]:5 + 125°C, R1 = 27k 
Measured from VOUTto Adjust Pin 


Rl =27k 


VQUT+0.6VsV1Ns26V 


5 mAslos150 
mA 


100 mADe and 10 mArms, 100 Hz-10 kHz 


10= 10 mA,-40°Cs1js 
+ 125°C 
10=150 mA 
During Shutdown 
Rl = 5000 


10 Hz-100 kHz 


fo=120HZ 


los10 
mA 
10=150 mA 


10= 10 mA, Reference Voltages 
1.5V 


Vo~ -0.3V 


LM2931A·5.0 
Typ 


5 


mVll000 
hr 


dB 


V 


V 


V 


LM2931T 
Typ 


1.20 


mflN 


mA 
mA 
mA 


p.VrmsN 


%11000 
hr 


%N 


Typical Performance 
Characteristics 


Dropout 
Voltage 
Dropout 
Voltage 
Low Voltage 
Behavior 


0.6 
0.6 
6.0 
? 
? 
lM2931·S.0 


;;' 
0.5 
0: 
0.5 
10= lS0mA 


~ 
1 


~ 


5.0 
V 
? 
0.' 
10 =- 150mA - 
0.' 
~ 
/ 
'.0 
-- 


I--- 
I 
~ 
/ 
C 
0.3 
C 
0.3 
.... 
,/' 


'0·;0 
mA 


.... 
.-/ 
/ 
" 
" 


•... 
3.0 
.... 


0.2 
•... 
0.2 
" 
" 
I-- 
'0:: 
110mA 
" 
....- 
.... 
0 
~ 
0 
V 
" 
I 


~ 
0.1 
~ 


0 
2.0 
0.1 
Y 
- 
/ 
/I 
0 
0 
1.0 
0 
50 
'DO 
150 
0 
50 
'DO 
150 
2.0 
3.0 
'.0 
5.0 
6.0 


JUNCTION 
TEMPERATURE 
('e) 
OUTPUT 
CURRENT 
(mAl 
INPUT VOL lAGE 
(V) 


Output 
at Voltage 
Extremes 
Line Transient 
Response 
Load Transient 
Response 


12 
3 


~C2; 
,~o"i 


lM2931·S.0 
2 
VIN - Vour" 
9V 
~- .0 
'0 
Rl 
= soon 
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C2 = 100pF 
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I 
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6 
~> 
-2 
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0 
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0 
0 
-20 -10 
0 
10 
20 
30 
'0 
50 
60 
0 
15 
30 
45 
~ 
0 
15 
30 
45 


INPUT 
VOL lAGE 
(V) 
TIME 
(I.a) 
TIME 
(ps) 


Peak Output 
Current 
Quiescent 
Current 


600 
30 
VIN:: 
14V 


500 
:< 
25 
:< 
Tj::: 85 


cC 
~ 
.s 
.s 
•... 
.... 
'00 
T·:: 
25°C - 
r-- 
z 
20 
z 
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or 
" - 
V 


or 
or 
or 
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" 
15 
" 
/'- 
/ 
.... 
Tj = _40°C 
....z 
" 
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'0 
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.......V 
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INPUT 
VOL lAGE 
(V) 
OUTPUT 
CURRENT 
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Quiescent 
Current 
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Current 
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80 
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40 
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10 
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JUNCTION 
TEMPERATURE 
(OCI 
INPUT 
VOLTAGE 
(V) 
FREQUENCY 
(Hz) 


Operation 
During Load 
Ripple Rejection 
Output 
Impedance 
Dump 
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lM29Jl-5.0 
70 
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80 
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OUTPUT 
CURRENT 
(mA) 
FREOUENCY 
(Hz) 
TIME 
(ms) 


Maximum 
Power Dissipation 
Maximum 
Power Dissipation 


(TO·220) 
(TO·92) 
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TEMPERATURE 
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III 


VIN 
UNREGULATED 
INPUT 
Cl*O.lT 


VOUT 
REGULATED 
OUTPUT 
C2** 
T100il 


F 


R3 
51k 
IN 
OUT 


OFF 


ON/OFF 
LM2931 
Rl 
Cl' 
ADJUSTABLE 
28k 
O.lIlF 
ON 
AOJ 


GNO 


R1 +R2 
Your = Reference Voltage x -R-1- 


Note: Using 28k for R1 will automatically 
compensate 
for errors in Your due to the 


input bias current of the ADJ pin 
(approximately 
1 p.A). 


Dropout 
Voltage: 
The input-output 
voltage 
differential 
at 


which the circuit 
ceases 10 regulate against 
further 
reduc- 


tion in input voltage. 
Measured 
when the output 
voltage 
has dropped 
100 mV from the nominal 
value obtained 
at 


14V input, dropout 
voltage 
is dependent 
upon load current 


and junction 
temperature. 


Input 
Voltage: 
The DC voltage 
applied 
to the input 
ter- 
minals 
with respect 
to ground. 


Input-Output 
Differential: 
The voltage difference 
between 


the unregulated 
input 
voltage 
and the regulated 
output 


voltage 
for which 
the regulator 
will operate. 


Line 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 


change 
in the input 
voltage. The measurement 
is made 
under 
conditions 
of 
low dissipation 
or by using 
pulse 


techniques 
such that the average chip temperature 
is not 


significantly 
affected. 


• Required if regulator 
is located far 


from power supply filter . 


•• C2 may be either an Aluminum 
or 


Tantalum type capacitor 
but must be 


rated to operate at -40°C to guarantee 
regulator 
stability 
to that temperature 
extreme. 
100/-olF is the minimum 
value 
required for stability 
and may be 
increased without 
bound. Locate as 


close as possible to the regulator. 


Load 
Regulation: 
The 
change 
in output 
voltage 
for 
a 


change 
in load current 
at constant 
chip temperature. 


Long 
Term 
Stability: 
Output 
voltage 
stability 
under 


accelerated 
life-test 
conditions 
after 1000 hours with max- 


imum rated voltage 
and junction 
temperature. 


Output 
Noise Voltage: 
The rms AC voltage 
at the output, 


with constant 
load and no input 
rippie, measured 
over a 


specified 
frequency 
range. 


Quiescent 
Current: That part of the positive 
input current 


that does not contribute 
to the positive 
load current. The 


regulator 
ground 
lead current. 


Ripple Rejection: 
The ratio of the peak-to-peak 
input ripple 


voltage 
to the peak-to-peak 
output 
ripple voltage. 


Temperature 
Stability 
of Vo: The percentage 
change 
in 


output 
voltage 
for 
a 
thermal 
variation 
from 
room 


temperature 
to either temperature 
extreme. 


Voltage Regulators 
~National 
~ 
Semiconductor 


LM78XX Series Voltage Regulators 


General 
Description 


The 
LM78XX 
series 
of 
three 
terminal 
regulators 
is 
available 
with 
several 
fixed 
output 
voltages 
making 
them 


useful 
in a wide 
range 
of 
applications. 
One 
of these 
is 
local 
on 
card 
regulation, 
eliminating 
the 
distribution 
problems 
associated 
with 
single 
point 
regulation. 
The 
voltages 
available 
allow 
these 
regulators 
to 
be 
used 
in 


logic 
systems, 
instrumentation, 
HiFi, 
and 
other 
solid 


state 
electronic 
equipment. 
Although 
designed 
primarily 
as 
fixed 
voltage 
regulators 
these 
devices 
can 
be 
used 


with 
external 
components 
to 
obtain 
adjustable 
voltages 
and 
currents. 


The 
LM78XX 
series 
is available 
in an 
aluminum 
TO-3 


package 
which 
will 
allow 
over 
1.0A 
load 
current 
if 


adequate 
heat 
sinking 
is provided. 
Current 
limiting 
is 
included 
to limit 
the 
peak 
output 
current 
to a safe value. 


Safe 
area 
protection 
for the output 
transistor 
is provided 


to 
limit 
internal 
power 
dissipation. 
If 
internal 
power 
dissipation 
becomes 
too 
high 
for 
the 
heat 
sinking 
provided, 
the 
thermal 
shutdown 
circuit 
takes 
over 
preventing 
the 
IC from 
overheating. 


Considerable 
effort 
was expended 
to make 
the 
LM78XX 
series 
of regulators 
easy 
to use and minimize 
the 
number 


of external 
components_ 
It is not 
necessary 
to bypass 
the 


output, 
although 
this 
does 
improve 
transient 
response. 


Input 
bypassing 
is needed 
only 
if the 
regulator 
is located 


far from 
the 
fi Iter capacitor 
of the 
power 
supply. 


For 
output 
voltage 
other 
than 
5V, 
12V 
and 
15V 
the 


LM 117 
series 
provides 
an 
output 
voltage 
range 
from 


1.2V to 57V. 


• 
Output 
current 
in excess 
of lA 


• 
Internal 
thermal 
overload 
protection 


• 
No external 
components 
required 


• 
Output 
transistor 
safe area protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Available 
in the 
aluminum 
TO-3 
package 


LM7805C 
5V 
LM7812C 
12V 
LM7815C 
15V 


Metal 
Can Package 
TO·3 (K) 
Aluminum 


OUTPUT~ 
~ 
/GND 
(O~ 


INPUT./~ 


'16 


OJ 


2 


OUTPUT 


Order Numbers 
LM7805CK 
LM7812CK 
LM7815CK 
See Package KC02A 


~"'''' 
'No-Q'No 


INPUT 


Order 
Numbers: 


LM7805CT 
LM7812CT 
LM7815CT 
See Package 
T03B 


Absolute 
Maximum 
Ratings 


Input Voltage (VO= 5V, 12Vand 15V) 
35V 


Internal Power Dissipation (Note 1) 
Internally Limited 


Operating Temperature Range (TA) 
O·Cto +70·C 


Maximum Junction Temperature 


(K Package) 
150·C 


(T Package) 
125·C 


Storage Temperature Range 
-65"Cto+150·C 


Lead Temperature (Soldering, 10 seconds) 
TO-3 Package K 
300"C 


TO·220 Package T 
230"C 


Electrical 
Characteristics 
LM78XXC 
(Note 2) O"C" 
Tj" 
125"C unless otherwise noted. 


OUTPUT 
VOLTAGE 
5V 
12V 
15V 


INPUT 
VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Tj=25·C.5mA" 
10" 
1A 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


Vo 
Outpul 
Voltage 
PD" 
15W, 5 mA" 
10" 
lA 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


VMIN" 
VIN " 
VMAX 
(7" 
VIN •• 20) 
(14.5" 
VIN " 
27) 
(17.5" 
VIN " 
30) 
V 


Tj = 25'C 
3 
50 
4 
120 
4 
150 
mV 


6VIN 
(7" 
VIN " 
25) 
(14.5" 
VIN " 
30) 
(17.5" 
VIN " 
30) 
V 


10 = 500 mA 
O'C" 
Tj" 
+125'C 
50 
120 
150 
mV 


6VIN 
(8" 
VIN" 
20) 
(15" 
VIN " 
27) 
(18.5" 
VIN " 
30) 
V 


6VO 
Line 
Regulation 
Tj _ 25'C 
50 
120 
150 
mV 


6VIN 
(7.3" 
VIN " 
20) 
(14.6" 
VIN " 
27) 
(17.7" 
VIN " 
30) 
V 


10" 
1A 
0'" 
Tj" 
+125'C 
25 
60 
75 
mV 


6VIN 
(8" 
IN" 
12) 
(16" 
VIN " 
22) 
(20" 
VIN " 
26) 
V 


Tj = 25'C 
5mA" 
10" 
1.5A 
10 
50 
12 
120 
12 
150 
mV 


6VO 
Load 
Regulation 
250 mA" 
10" 
750 mA 
25 
60 
75 
mV 


5 mA" 
10" 
lA. 
O'C" 
Tj" 
+125'C 
50 
120 
150 
mV 


IQ 
Quiescent 
Current 
10" 
lA 
Tj = 25'C 
8 
8 
8 
mA 
O'C" 
Tj" 
+125'C 
8.5 
8.5 
8.5 
mA 


5mA" 
10" 
lA 
0.5 
0.5 
05 
mA 
.. 


Quiescent 
Current 
Tj = 25·C. 
10" 
lA 
1.0 
1.0 
1.0 
mA 


61Q 
Change 
VMIN 
" 
VIN " 
VMAX 
(7.5" 
VIN " 
20) 
(14.8" 
VIN " 
27) 
(17.9" 
VIN" 
30) 
V 


10" 
500 mA. O'C" 
Tj" 
+125'C 
1.0 
1.0 
1.0 
mA 


VMIN 
" 
VIN " 
VMAX 
(7" 
VIN " 
25) 
(145" 
VIN " 
30) 
(17.5" 
VIN " 
30) 
V 


VN 
Output 
Noise 
Voltage 
TA=25·C. 
10 Hz" 
f" 
100 kHz 
40 
75 
90 
"V 


{ 
10" 
1A. Tj = 25'C 
or 
62 
80 
55 
72 
54 
70 
dB 


6VIN 
f = 120 Hz 
10" 
500 mA 
62 
55 
54 
dB 


6 VOUT Ripple 
Rejection 
O'C" 
Tj" 
+125'C 


VMIN" 
VIN " 
VMAX 
(8" 
VIN" 
18) 
(15" 
VIN " 
25) 
(18.5" 
VIN " 
28.5) 
V 


Dropout 
Voltage 
Tj = 25'C, 
lOUT = lA 
2.0 
2.0 
2.0 
V 
Output 
Resistance 
1= 1 kHz 
8 
18 
19 
mQ 


RO 
Short-Circuit 
Current 
Tj = 25'C 
2.1 
1.5 
1.2 
A 
Peak Output 
Current 
Tj = 25'C 
2.4 
2.4 
2.4 
A 
Average 
TC 01 VOUT 
O'C" 
Tj" 
+ 125'C, 
10 = 5 mA 
0.6 
1.5 
1.8 
mV/'C 


Input 
Voltage 


VIN 
Required 
to Maintain 
Tj = 25·C. 
10" 
1A 
7.3 
14.6 
17.7 
V 


Line 
Regulation 


NOTE 
1: Thermal 
resistance of the TO-3 package (K, KC) is typically 4°C/W 
junction to case and 35°C/W 
case to ambient. 
Thermal 
resistance of the 
TO-220 
package 
IT) is typically 4°C/W 
junction 
to case and r::Jj°C/W 
case to ambient. 


NOTE 
2: 
All characteristics 
are measured with capacitor 
across the inut of 0.22 ~F, and a capacitor across the output of 0.1 ~F. All characteristics 
ex· 
cept noise voltage 
and ripple rejection 
ratio are measured 
using pulse techniques 
(tw ~ 
10 ms, duty cycle ~ 5% l. Output 
voltage 
changes 
due to 
changes in internal temperature 
must be taken into account 
separately. 


" 
I I I I I I I I 
TO·220 


INFINITE 
HEAT 
SINK 
20 
I 
I 


I 
I 
\ 


WITH 10 e!W HEAT SINK 
""1'-....1 
I I"'-l.,, 
--.; 


5 
I In-H-l-lJ 


NO HEAT 
S'NK 
I 1 I I I I I I 


Output 
Voltage 
(Normalized 
to lV at Tj = 2S"CI 


1,010 
;; 
roo: 


~ 0995 


~ 
0990 


~0985 


~ 0980 
" 
~ 0.975 


VIN 
Your 
5V 


'OUT-5';'! 


"f'-I 
I 


~ 
25 
~ 
z 
'"'"~ 
~ 
15 


~~ 
o 


; 
80 
zoi 


f:: 120 Hz 


vIN-vOUT" 
8 Voc 
+ 3.5 VUllS 


lOUT" 
lA 


Tj" 
25 C 


Output 
Impedance 
Dropout 
Voltage 
Dropout 
Characteristics 
1 


VIN" 
IOV 
2.5 


~COUT'O~ 
~ 
I 
! 
I 
..lVOUT 
100 mV 


Vour" 
5V 


~OUT I,JT[ 
-, 


lOUT" 
500 mA 
'" 
2 
- 


~ 
~ 
Ti" 
25 
C 
I 
A 
z 
01 
~ 
lOUT 
- 500 
mA 
'" 
'" 
15 
'" 
0 
-...........J r-- 
~ 


~ 
c 
O' 
4 
CoUT" 
1 >IF 
~ 
I .•.•.•••.. 
> 
~ 
001 I 
I 
I / 
~ 
1 
~ 
~ 
TANTALUM 
~ 
'OUT 
OA p,.. i" 
~ 
~ 
~ 
~ 
~ 
-, 
~ 
~ 
0 
~ 
0 
0 
I 
I 
, 
0 
~ 
0.5 
~ 
I 
I 
I 
I 
I 
~ 


0.001 I 
I 
I 
I 
z 
I 
0 
0 
10 
100 
1k 
10k 
lOOk 
1M 
-75 
-50 
-25 
0 
25 
50 
75 
100 125150 
0 
10 


FREQUENCY 
(Hz) 
JUNCTION 
TEMPERATU!U 
( CJ 
INPUT 
VOLTAGE 
(VI 


Quiescent 
Current 
6.5 
Vo ur" 5V 


;< 
6 
10 ur" 10 mA 
E 
T, -25C 
~ 
z 
5.5 
'"'"~ 
5 
u 
( 
~ 
z 
u 
4.5 
~ 
4 


3.5 
5 
1 
15 
20 
25 
30 
35 


INPUT 
VOL lAGE 
(V) 


VIN" 
lOV 
Vour" 
5V - 


lOUT" 
5 mA 
......•1'.... 


'.......• 
~ 
z 
'"'" 
~ 
4.5 
~ 
z 


:;o 


3.5 


-75 
-50 -25 
0 
25 
50 
15 
100 125 150 


JUNCTION 
TEMPERATURE 
( Cl 
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LM78LXX Series 3·Terminal Positive Regulators 


too 
high 
for 
the 
heat 
sinking 
provided, 
the 
thermal 
shutdown 
circuit 
takes 
over 
preventing 
the 
IC from 
overheating. 


For 
output 
voltage 
other 
than 5V, 
12V and 15V tho 


LMl17 
series provides 
an output 
voltage 
range from 


1.2V to 57V. 


• 
Output 
voltage tolerances of ±5% (LM78LXXAC) 
and 
±10% (LM78LXXC) 
over the temperature 
range 


• 
Output 
current of 100 mA 


• 
Internal thermal overload protection 


• 
Output 
transistor safe area protection 


• 
Internal short circuit 
current limit 


• 
Available in plastic TO-92 and metal TO-39 low pro- 
file packages 


LM78L05 
LM78L12 
LM78L 15 


The 
LM78LXX 
series of 
three 
terminal 
positive 
regu- 
lators 
is available 
with 
several 
fixed 
output 
voltages 
making 
them 
useful 
in a wide 
range of 
applications. 
When used as a zener diode/resistor 
combination 
replace- 
ment, 
the 
LM78LXX 
usually 
results 
in 
an 
effective 
output 
impedance 
improvement 
of two orders of magni- 
tude, 
and lower quiescent current. 
These regulators 
can 
provide 
local on card regulation, 
eliminating 
the distri- 
bution 
problems 
associated with 
single point 
regulation. 
The voltages available allow the LM78LXX 
to be used in 
logic 
systems, 
instrumentation, 
HiFi, 
and other 
solid 
state electronic 
equipment. 
Although 
designed primarily 
as fixed 
voltage 
regulators 
these devices can be used 
with 
external 
components 
to obtain 
adjustable 
voltages 
and currents. 


The 
LM78LXX 
is available 
in 
the 
metal 
three 
lead 
TO-39(H) 
and 
the 
plastic 
TO-92 
(Zl. 
With 
adequate 
heat sinking 
the regulator 
can deliver 
100 mA 
output 
current. 
Current 
limiting 
is included 
to 
limit 
the peak 
output 
current 
to 
a safe value. 
Safe area protection 
for 
the 
output 
transistor 
is provided 
to 
limit 
internal 


power dissipation. 
If internal 
power dissipation 
becomes 


LM78L05ACH 
LM78L12ACH 
LM78L15ACH 


LM78L05CH 
LM78L12CH 
LM78L 15CH 


OUTP~PUT 


GNi<:.-/ 


LM78L05ACZ 
LM78L 12ACZ 
LM78L15ACZ 


LM78L05CZ 
LM78L 12CZ 
LM78L 15CZ 


Absolute 
Maximum 
Ratings 


Input 
Voltage 


VO=5V 
30V 


VO=12Vt015V 
35V 


Internal 
Power 
Dissipation 
(Note 
1) 
Internally 
Limited 


Operating 
Temperature 
Range 
O·Cto 
+ lO·C 


Maximum 
Junction 
Temperature 
125·C 


Storage 
Temperature 
Range 


Metal 
Can 
(H Package) 
-65·Cto 
+150·C 


Molded 
TO-92 
(Z Package) 
-55·Cto 
+ 150·C 


Lead 
Temperature 
(Soldering, 
10 seconds) 
300·C 


LM78LXXAC Electrical Characteristics 


(Note 
2) Tj = O·C 
to 
12S·C, 
10 = 40mA, 
CIN 
= 0.33I'F, 
Co 
= 0.11'F 
(unless 
noted) 


LM78LXXAC 
OUTPUT VOLTAGE 
SV 
12V 
1SV 


INPUT VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
Tj; 
25"C 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


(Note 
4) 
1 mA " 
10 " 
70 mA 
4.75 
5.25 
11.4 
126 
14.25 
15.75 
V 


1 mA " 
10 " 
40 mA and 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


VMIN " 
VIN " 
VMAX 
(7" 
VIN " 
20) 
(14.5" 
VIN " 
27) 
(17.5" 
VIN" 
30) 
V 


6VO 
Line Regulation 
Tj; 
25"C 
10 
54 
20 
110 
25 
140 
mV 


(8" 
VIN" 
20) 
(16" 
VIN " 
27) 
(20" 
VIN " 
30) 
V 


18 
75 
30 
180 
37 
250 
mV 


(7" 
VIN" 
20) 
(14.5" 
VIN " 
27) 
(17.5" 
VIN " 
30) 
V 


6VO 
Load 
Regulation 
Tj;25·C, 
1 mA" 
10" 
40mA 
5 
30 
10 
50 
12 
75 
mV 


Tj;25·C, 
1 mA" 
10" 
100mA 
20 
60 
30 
100 
35 
150 
mV 


6VO 
Long Term Stability 
12 
24 
30 
mV/1000 
hrs 


IQ 
Quiescent 
Current 
Tj; 
25·C 
3 
5 
3 
5 
3.1 
5 
mA 


Tj;125·C 
4.7 
4.7 
4.7 


61Q 
Quiescent 
Current 
1 mA" 
10" 
40 mA 
0.1 
0.1 
0.1 
mA 


Change 
VMIN" 
VIN " 
VMAX 
1.0 
1.0 
1.0 
mA 


(8" 
VIN" 
20) 
(16" 
VIN " 
27) 
(20" 
VIN " 
30) 
V 


Vo 
Output 
Noise 
Voltage 
Tj ; 25 ·C, (Note 
3) 
40 
80 
90 
/,V 


f;10Hz-10kHz 


6VIN 
Ripple 
Rejection 
f;120 
Hz 
47 
62 
40 
54 
37 
51 
dB 


6VOUT 
(8" 
VIN" 
16) 
(15" 
VIN " 
25) 
(18.5" 
VIN •• 28.5) 
V 


Input 
Voltage 
Tj ;25·C 
7 
14.5 
17.5 
V 


Required 
to Maintain 


Line Regulation 


Note 1: Thermal 
resistance 
of the Metal 
Can Package 
(H) without 
a heat sink is 15·C/W 
junction 
to case and 140·C/W 
junction 
to ambient. 


Thermal 
resistance 
of the TO-92 package 
is 180·C/W 
junction 
to ambient 
with 0.4" 
leads from a PC board and 160·C/W 
junction 
to ambient 


with 
0.125" 
lead length 
to a PC board. 


Note 
2: The maximum 
steady 
state 
usable 
output 
current 
and input voltage 
are very dependent 
on the heat sinking 
and/or 
lead length 
of the 
package. 
The data 
above 
represent 
pulse 
test conditions 
with 
junction 
temperatures 
as indicated 
at the initiation 
of test. 


Note 
3: Recommended 
minimum 
load capacitance 
of O.01,IJFto limit 
high 
frequency 
noise 
bandwidth. 


Note 4: The temperature 
coefficient 
of VOUT is typically 
within 
± 0.01 % VO' ·C. 


Absolute 
Maximum 
Ratings 


Input 
Voltage 


VO=5V 
30V 


VO= 
12Vto 
15V 
35V 


Internal 
Power 
Dissipation 
(Note 
1) 
Internally 
Limited 


Operating 
Temperature 
Range 
O'Cto 
+70'C 


Maximum 
Junction 
Temperature 
125'C 


Storage 
Temperature 
Range 


Metal 
Can 
(H Package) 
-55'Cto 
+150'C 


Molded 
TO-92 
-55'to 
+150'C 


Lead 
Temperature 
(Soldering, 
10 seconds) 
300'C 


LM78LXXC Electrical Characteristics 


(Note 
2) Tj = O'C 
to 
125'C, 
10 = 40mA, 
CIN 
= 0.33fF, 
Co 
= 0.1'IF 
(unless 
noted) 


LM78LXXC 
OUTPUT 
VOLTAGE 
5V 
12V 
15V 


INPUT 
VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
Tj = 25"C 
4.6 
5 
5.4 
11.1 
12 
12.9 
13.8 
15 
16.2 
V 


(Note 
4) 
1 mA <; 10 <; 70 mA or 
4.5 
5.5 
10.8 
13.2 
13.5 
16.5 
V 


1 mA <; 10 <; 40 mA and LlVIN 
(7 <; VIN <; 20) 
(14.5 <; VIN <; 27) 
(18 <; VIN •• 30) 
V 


LlVO 
Line Regulation 
Tj = 25"C 
10 
150 
20 
200 
25 
250 
mV 
(8<; VIN <; 201 
(16 <; VIN <; 27) 
(20 <; VIN <; 30) 
V 


18 
200 
30 
250 
30 
300 
mV 
(7 <; VIN <; 20) 
(14.5 <; VIN <; 27) 
(18 <; VIN <; 30) 
V 


LlVO 
Load 
Regulation 
Tj = 25"C. 
1 mA <; 10 <; 40 mA 
5 
30 
10 
50 
12 
75 
mV 
Tj =25'C. 
1 mA <; 10 <; 100mA 
20 
60 
30 
100 
35 
150 
mV 


LlVO 
Long 
Term 
Stability 
12 
24 
30 
mV/l000 
hrs 


10 
Quiescent 
Current 
Tj = 25"C 
3 
6 
3 
6.5 
3.1 
65 
mA 
Tj=125"C 
5.5 
6 
6 


LIla 
Quiescent 
Current 
Tj = 25 "C. 1 mA <; 10 <; 40 mA 
02 
0.2 
02 
mA 


Change 
1.5 
1.5 
1.5 
mA 
Tj = 25"C 
(8 <; VIN <; 20) 
(16 <; VIN <; 27) 
(20 <; VIN <; 30) 
V 


Vn 
Output 
Noise Voltage 
Tj = 25 "C. (Note 
3) 
40 
80 
90 
~V 


1=10 
Hz-l0 
kHz 


LIVIN 
Ripple 
Rejection 
f = 125 Hz 
40 
60 
36 
52 
33 
49 
dB 


LlVOUT 
(8 <; VIN <; 18) 
(15 <; VIN <; 25) 
(18.5 <; VIN <; 28.5) 
V 


Input 
Voltage 
TI = 25"C 
7 
14.5 
18 
V 


Required 
to Maintain 
Line Regulation 


Note 
1: Thermal 
resistance 
of the Metal 
Can Package 
(H) without 
a heal sink is 15°C/W 
junction 
to case and 140°CIW 
Junction 
10 ambient. 


Thermal 
resistance 
of the TO-92 package 
is 180°CfW 
junction 
10 ambient 
with O.4"leads 
from a PC board and 160°C/W 
junction 
to ambient 
with 
0.125" 
iead 
length 
to a PC board. 


Note 2: The maximum 
steady 
state 
usable 
output 
current 
and input 
voltage 
are very dependent 
on the heat sinking 
and lor 
lead length 
of the 


package. 
The data 
above represent 
pulse 
test conditions 
with 
junction 
temperatures 
as indicated 
at the initiation 
of test. 


Note 3: Recommended 
minImum 
load capacitance 
of O.Ol,lJF 
to limit 
high 
frequency 
noise 
bandwidth. 


Note 4: The temperature 
coefficient 
of VOUT is typically 
within 
~ 0.01 % VO' °c. 


Typical Performance 
Characteristics 


Maximum 
Average Power 


Maximum 
Average 
Power 
Dissipation 
(Metal 
Can 


Dissipation 
(Plastic Package) 
Package) 
Peak 
Output 
Current 


10 
10 
400 


I 


~VOUT 
z IODmV 


5.0 
5.0 
~NFlNITE 
'HEAT S'NK=~ 
+---T)OOC 
~ 
~ 
;< 
300 - 


" 
0.125" lEAD 
lENGTH 
z 
r-- 
.5 
-- 


0 
FROM 
PC 
BOARD 
0 
~ 
;:: 
~ 
"""1_ 17- 
z 
1/ 
11: 25°C 
-....:::: 
;.: 
WITH 
72 e!W HEAT 
SINK 
I-- 
~ 
100 
~ 
~ 
1.0 
~ 


1.0 
~ 


I 
" 


NO HEAT 
SINK 
:> 
0; 
0; 
u 
~ 
0.4" LEAD lENGTH 
~ 
0.5 == 
WITH ~o etw HEAT SINK= 
~ 
r-- 
0.5 
:> 
I 


T/'" 
150"C 


~ 


FADM 
PC BOARD 
~ 
~ 
I 
:> 
100 
fREE 
~'R 
0.125"' 
LEAD 
lENGTH 
I 
0 
I 


FROM 
PC BOARD 


I 
FREE AIR 
0.1 
01 


0 
15 
30 
45 
60 
15 
0 
15 
30 
45 
60 
15 
0 
5 
10 
15 
10 
15 
30 


AMBIENT 
TEMPERATURE 
{ CI 
AMBIENT 
TEMPERATURE 
( C) 
INPUT·OUTPUT 
DIFFERENTIAL 
(V) 


Dropout Voltage 
Ripple Rejection 
Output 
Impedance 


1.5 
100 
10 


I 
I 
1 
I 
V1N 
"lOV 
~ 


,LJ'0~AH+ 


5.0 
Your 
"5V 
.. 
1.0 ~F 
~ 


80 
lOUT =40mA 
; 


- 


T."15C 
C~:~ 
r--4-.l. J 
lOUT" 
40 mA 
z 
u 
'- 
0 
60 
" 
COUT 
"l1lF 
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T 
~ 
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0; 
f--- 
'01' ",1.0 
~A I- =1- 
" 
~ 


1.0 
~ 
1.0 
40 
~ 
:> 
I I I 
:> 
0.5 
~ 
V1N 
"lOV 
~ 
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OROPOUT 
cO~OIilO~s 
VOUT 
= SV 
:> 
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0.5 
I- -l- 
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10 
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./ 


lOUT" 40 mA 


-'I VOl' 
"1'%;' V'IU1 1 I- -f--- 


TA 
:: 25 
C 


0 
0.1 
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15 
50 
15 
100 
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10 
100 
1k 
10k 
tOOk 
10 
100 
1k 
10k 
lOOk 
1M 


JUNCTION 
TEMPERATURE 
( C) 
FREQUENCY 
(Hz) 
FREOUENCY 
(Hzl 


Quiescent 
Current 
Ouiescent 
Current 


40 
3.4 


3.8 
3.3 


VI"," 
lOV 
- 


;< 
;< 
VOUT" 
5V 


3.6 
3.1 
lOUT" 40 mA- 
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LM78MXX Series a-Terminal Positive Regulators 


Considerable 
effort 
was expended 
to make the LM78MXX 
series 
of regulators 
easy to use and minimize 
the 
number 
of 
external 
components. 
It is not 
necessary 
to 
bypass 


the output, 
although 
this does improve 
transient 
response. 
Input 
bypassing 
is needed 
only 
if the regulator 
is located 


far from 
the filter 
capacitor 
of the power 
supply. 


The 
LM78MXX 
series 
of 
three 
terminal 
regulators 
is 
available 
with 
several 
fixed 
output 
voltages 
making 
them 


useful 
in a wide 
range 
of 
applications. 
One 
of these 
is 
local 
on 
card 
regulation, 
eliminating 
the 
distribution 


problems 
associated 
with 
single 
point 
regulation. 
The 
voltages 
available 
allow 
these 
regulators 
to 
be 
used 
in 


logic 
systems, 
instrumentation, 
HiFi, 
and 
other 
solid 


state 
electronic 
equipment. 
Although 
designed 
primarily 
as fixed 
voltage 
regulators 
these 
devices 
can 
be 
used 
with 
external 
components 
to obtain 
adjustable 
voltages 


and 
currents. 


For 
output 
voltage 
other 
than 
5V, 
12V 
and 
15V 
the 


LM 117 
series 
provides 
an 
output 
voltage 
range 
from 


1.2V to 57V. 


The 
LM78MXX 
series 
is available 
in the 
plastic 
TO·202 


package. 
This 
package 
allows 
these 
regulators 
to deliver 


over 
O.5A 
if adequate 
heat 
sinking 
is provided. 
Current 
limiting 
is included 
to 
limit 
the 
peak 
output 
current 
to 


a safe 
value. 
Safe 
area 
protection 
for the output 
transis· 
tor 
is 
provided 
to 
limit 
internal 
power 
dissipation. 
If internal 
power 
dissipation 
becomes 
too 
high 
for 
the 


heat 
sinking 
provided, 
the 
thermal 
shutdown 
circuit 


takes 
over preventing 
the 
IC from 
overheating. 


• 
Output 
current 
in excess 
of O.5A 


• 
Internal 
thermal 
overload 
protection 


• 
No external 
components 
required 


• 
Output 
transistor 
safe area protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Available 
in plastic 
TO·202 
package 
• 
Special 
circuitry 
allows 
start-up 
even 
if output 
is 
pulled 
to negative 
voltage 
(± supplies) 


Order Numbers 
LM78M05CP 
LM78M12CP 
LM78M15CP 
See Package P03A 


For Tab Bend TO-202 
Order 
Numbers 
LM78M05CP 
TB 
LM78M12CP 
TB 
LM78M15CP 
TB 
See Package P03E 


Absolute 
Maximum 
Ratings 


Input Voltage 


(VO= 5V, 12V, 15V) 
35V 


Internal Power Dissipation (Note 1) 
Internally Limited 


Operating Temperature Range 
O'Cto 
+70'C 


Maximum Junction Temperature 
+125'C 


Storage Temperature Range 
-65'Cto 
+150'C 
Lead Temperature (Soldering, 10 seconds) 
+230'C 


Electrical 
Characteristics 
TA = 0 'C to 70'C, 10 = 500 mA, unless otherwise noted. 


OUTPUT 
VOLTAGE 
5V 
12V 
15V 


INPUT 
VOLTAGE 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
T; = 25'C 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


PD" 
7.5W, 5 mA •• 10" 500mA 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


and 
VMIN 
•• VIN •• VMAX 
(7.5 •• VIN •• 20) 
(14.8 •• VIN •• 27) 
(18 •• VIN" 
30) 
V 


t>VO 
Line 
Regulation 
Tj = 25'C, 
10= 100 mA 
50 
120 
150 
mV 


Tj = 25'C, 
10= 500 mA 
100 
240 
300 
mV 
(7.2 •• VIN •• 25) 
(14.5 •• VIN" 
30) 
(176 
•• VIN •• 30) 
V 


t>VO 
Load 
Regulation 
Tj = 25'C, 
5mA" 
10" 
500mA 
100 
240 
300 
mV 


t>VO 
Long 
Term 
Stability 
20 
48 
60 
mV/1000 
hrs 


10 
Quiescent 
Current 
Tj = 25'C 
4 
10 
4 
10 
4 
10 
mA 


t>IO 
Quiescent 
Current 
Tj = 25'C 
0.5 
0.5 
0.5 
mA 
Change 
5 mA •• 10" 
500 mA 


Tj = 25'C 
1 
1 
1 
mA 


VMIN" 
VIN •• VMAX 
(7.5 •• VIN •• 25) 
(14.8 •• VIN" 
30) 
(18 •• VIN 
•• 30) 
V 


Vn 
Output 
Noise 
Voltage 
Tj = 25'C, 
f = 10 Hz - 
100 kHz 
40 
75 
90 
"V 


t>VIN 
Ripple 
Rejection 
f = 120 Hz 
78 
71 
69 
V 


t>VOUT 


Input 
Voltage 
Tj = 25'C. 
10 = 500 mA 
7.2 
14.5 
17.6 
V 


Required 
to Maintain 


Line Regulation 


Note 
1: Thermal 
resistance 
without 
a heat 
sink for junction 
to case temperature 
is 12°C/W 
for the TO-202 
package. 
Thermal 
resistance 
for 


case 
to ambient 
temperature 
is 70'C/W 
for 
the 
TO·202 
package. 


- 


...•..•... 
_ .. _J_ .. u ••.••• 


30 
I 
I 
I 
1.5 
I 
'DO 
=ulI= I 


20 
~ - 
INFINITE 
HEAT SINK 
1.25 
~Ti"O°C 
80 
VOUTo 
~ 
10 
~ 
~ 
z 
0 
~ 
1.0 
z 


;:: 
5 
z 
T'" 
25 C 
r--..: ~ 


0 
: 
'" 
' 
I 


~ 


60 


WITH 
15 elW HEAT SINK "'::: ""'-- 
'" 
iJi 
~ 0.15 
"': 
C 
2 
r--+-- 
~ 
Ti" 
150°C r-.... 
40 


'" 
~ 


~ 
~ 
~ 
0.5 
"' 
, = 
~ 
NO HEAT S'NK = 
~ 
, 
......... 
0 
ir 
20 
V'N 
-VOUT"'8Voe+J5 
Vrms 


0.25 
'OU T" 
500 mA 
0.5 
T' '" 25C 
0.3 
0 
0 
, 


0 
15 
30 
45 
60 
J5 
0 
5 
10 
15 
20 
25 
30 
10 
100 
1k 
10k 
lOOk 


AMBIENT 
TEMPERATURE 
I el 
INPUT·OUTPUT 
DIFFERENTIAL 
IV) 
FREOUENCY 
(Hz) 


Output Voltage (Normalized 
Ripple Rejection 
Dropout Voltage 
to lV at T J = 25° 
CI 


90 
2.5 


I J 


1.015 
f:= 120 Hz 
" 
VIN - 
VOUT" 
8 VOC 
~ 
~1.010 


+3.5Vrms 
;< 
2.0 
~UTo500mA 
- 
- 
80 
lOUT" 
500 mA 
I r--t-=e= 


~ 
1.005 


Ti" 
25 C 
0 
z 
> 
1 
0 
;? 
, 


~ 


1.5 


~A 
- 
~ 
!'-.. 
~ 


70 
. 
C 
~0.995 
~ 
1.0 
""'- 
~ 
tourO.0j" 
-- 


~0.990 
~ 
::: 
~ 


ir 
60 
PART" 
VIN 
0 
~O.985 
lM78M05C,10V 
~ 


0.5 


I 
J 
" 
lM78M12C,19V 
~0.980 
lM78M15C.23V 
.),VOUT'" 
100 mV 


50 
0 
0.975 


0 
5 
10 
15 
20 
25 
0 
25 
50 
J5 
100 
125 
150 
0 
25 
50 
J5 
100 
125 
150 


OUTPUT 
Val 
TAGE 
(V) 
JU-NCTION 
TEMPERATURE 
( C) 
JUNCTION 
TEMPERATURE 
( C) 


Quiescent Current 
Quiescent Current 
Output Impedance 


6.0 
4.5 
10 
Ii 


vOUT" 
5V 
VIN:= 
10V 


;< 
5.5 
lOUT" 
5 mA 
;< 
VOUT:O: 5V 


~ 
Ti" 
25 C 
~ 
4.0 -- 


lOUT'" 
250 mA 
-.. 
- 
1.0 
~ 
~ 
-- 


Ti '" 25 C 
z 
5.0 
z 
uz 


'" 
'" 
............. 
.. 


'" 
'" 


0 
I 
./ 
~ 
4.5 
~ 
3.5 
-- 
~ 
0.1 
~ 
- 


~ 
z 
~ 
z 
~ 


4.0 
~ 
r 
~ 
I 
L/ -- 


:; 
~ 
3.0 
VIN" 
10V 
~ 0.01 
0 


0 
35 
VOUT" 
5V 


IOUT"'5mA 


3.0 
2.5 
0.001 


5 
10 
15 
20 
25 
30 
35 
0 
25 
50 
J5 
'DO 
125 
150 
10 
100 
1k 
10k 
lOOk 
1M 


INPUT 
Val 
TAGE 
(V) 
JUNCTION 
TEMPERATURE 
(C) 
FREQUENCY 
(Hz) 


Voltage Regulators 
~National 
~ 
Semiconductor 


LM79XX Series a-Terminal Negative Regulators 


The 
LM79XX 
series 
of 3-terminal 
regulators 
is available 


with 
fixed 
output 
voltages 
of 
-5V, 
-12V, 
and 
-15V_ 


These 
devices 
need 
only 
one 
external 
component-a 


compensation 
capacitor 
at 
the 
output_ 
The 
LM79XX 


series 
is packaged 
in the 
TO-220 
power 
package 
and 
is 


capable 
of supplying 
1.5A of output 
current. 


These 
regulators 
employ 
internal 
current 
limiting 
safe 


area 
protection 
and 
thermal 
shutdown 
for 
protection 


against 
virtually 
all overload 
conditions. 


Low 
ground 
pin 
current 
of 
the 
LM79XX 
series 
allows 


output 
voltage 
to 
be 
easily 
boosted 
above 
the 
preset 
value 
with 
a resistor 
divider. 
The 
low quiescent 
current 


drain 
of these 
devices 
with 
a specified 
maximum 
change 


with 
line 
and 
load ensures 
good 
regulation 
in the voltage 


boosted 
mode. 


For 
applications 
requiring 
other 
voltages, 
see 
LM 137 
data 
sheet_ 


• 
Thermal, 
short 
circuit 
and 
safe 
area 
protection 


• 
High ripple 
rejection 


• 
1.5A output 
current 


• 
4% preset 
output 
voltage 


I 
I 
I 
I 
I 


C4··-l.!: 
l5.F--y- 
I 
I 
I 


VOUT = vSET 
(R1 
R 


+ 


2 
R2) 


Select R2 as follows 


LM7905CT 
300n 


LM7912CT 
750n 


LM7915CT 
lk 


I 


cs •• -L.:! 
2S~F-. 
I 
I 


C2 


RJ 
25"F 
.. 
OUTPUT 
TRIM 


TO -lS0V 


1-151 
1+151 


Load Regulation at .61L = 1A 
40 mV 
2 mV 
Output Ripple, CIN " 3000"F. 
IL = 1A 
100"Vrms 
100"Vrms 
Temperature Stability 
50 mV 
50 mV 
Output NOIse 10 Hz < f < 10 kHz 
150IJVrms 
150J,lVrms 


-Resistor tolerance of R4 and RS determine matching of (t) and (-I outputs 


• -Necessary only 
if raw supply filter capacitors are more than 3" from regulators 


-Required 
jf 
regulator is separated from filter capacitor by more than 3", 


For value given, capacitor must be solid tantalum. 
25jJF aluminum electro- 


lytic may be substituted. 


t Required 
for stability. 
For value given, capacitor must be solid tantalum. 


25,uF 
aluminum 
electrolytic 
may be substituted. 
Values 
given may 
be 
increased without 
limit. 


For 
output 
capacitance 
in excess of 100,uF, a high current 
diode from 


input to output 
(1 N4001, 
etcJ will protect the regulator from momentary 


input shorts. 


III 


Absolute Maximum Ratings 


Input Voltage 


(Vo = 5V) 
-35V 


(Vo = 12V and 15V) 
-40V 


Input-Output 
Differential 


(Vo = 5V) 
25V 


(Vo = 12V and 15V) 
30V 


Power Dissipation 
Internally 
Limited 


Operating Junction Temperature Range 
O°C to +125°C 


Storage Temperature 
Range 
--{j5°C to +150°C 


Lead Temperature (Soldering, 10 seconds) 
230°C 


Electrical Characteristics 
Conditions 
unless 
otherwise 
noted: 
lOUT = 500 mA, CIN = 2.2/lF, COUT = l/lF, 


OOC:::;TJ:::; +125°C, 
Power Dissipation 
<:::: 15W. 


PART NUMBER 
LM7905C 


OUTPUT VOL TAGE 
5V 
UNITS 


INPUT VOL TAGE (unless otherwise specified) 
-lOV 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 


Va 
Output 
Vol tage 
TJ = 25°C 
4.8 
-5.0 
-5.2 
V 


5 mA :::; lOUT:::; 1A, 
4.75 
5.25 
V 


P< 
15W 
( 
20:::; VIN 
<:::: -7) 
v 


.:lVO 
Line Regulation 
TJ = 25"C, (Note 2) 
8 
50 
mV 


(-25:::; 
VIN:::; 
7l 
V 


2 
15 
mV 


(-12:::; 
VIN:::; -SI 
V 


.:lVO 
Load Regulation 
TJ = 25 C, (Note 21 
mV 


5 mA:::; lOUT:::; 1.5A 
15 
100 
mV 


250 mA :::; lOUT 
<:::: 750 mA 
5 
50 
mV 


IQ 
Quiescent 
Current 
TJ=25'C 
1 
2 
mA 


.:lIQ 
Quiescent 
Current 
With Line 
0.5 
mA 


Change 
(-25 
<:::: VIN:::; -71 
V 


With Load, 5 mA:::; lOUT <:::: 1A 
0.5 
mA 


VI1 
Output 
Noise Voltage 
TA = 25 C, 10 Hz:::;f:::; 100Hz 
125 
/lV 


Ripple Rejection 
f=120Hz 
54 
66 
dB 


(-1S:::;VIN:::;-S) 
V 


Dropout 
Voltage 
TJ = 25 C, lOUT = 1A 
11 
V 


lOMAX 
Peak Output Current 
TJ = 25 C 
2.2 
A 


Averaqe 
Temperature 
lOUT = 5 mA, 
OA 
mV/ 
C 


CoeffiCient 
of 
a C /' TJ:::; 100 C 


Output 
Voltage 


_u .........."" 
LIVI/~ 
I:>L. 


OUTPUT VOLTAGE 
12V 
15V 
UNITS 
INPUT VOLTAGE 
(unlessotherwise specified) 
-19V 
-23V 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output Voltage 
TJ=25~C 
11.5 
-12.0 
-12.5 
-14.4 
-15.0 
-15.6 
V 


5 mA :'0 lOUT :'0 1A, 
11.4 
12.6 
-14.25 
15.75 
V 


P:'O15W 
(-27 < VIN < -14.51 
( 
30 < VIN < 
17.51 
V 


{;Va 
LIne 
RegulatIOn 
TJ = 25 C, (Note 21 
5 
80 
5 
100 
mV 


(-30:'OVIN:'O 
14.51 
(-30:'0 VIN::: 
175) 
V 


3 
30 
3 
50 
mV 


(-22:'0 
VIN:'O -161 
(-26:'OVIN:'O 
-201 
V 


tJ.VO 
Load 
Regulation 
TJ = 25 C, (Note 21 
15 
200 
15 
200 
mV 


5 mA:'O lOUT :'0 1.5A 
15 
200 
15 
200 
mV 


250 mA :'0 lOUT :'0750 mA 
5 
75 
5 
75 
mV 


10 
Quiescent 
Current 
TJ = 25"C 
1.5 
3 
1.5 
3 
mA 


tJ.IO 
Quiescent 
Current 
With Line 
0.5 
0.5 
mA 
Change 
(-30:'0 VIN:'O -1451 
(-30:'0 
VIN:'O -17.5) 
V 


With Load,5 mA:'O IOUT:'O 1A 
0.5 
0.5 
mA 


Vn 
Output Noise Voltage 
TA = 25°C, 10 Hz:'Of:'O100Hz 
300 
375 
JJV 


Ripple Rejection 
f = 120 Hz 
54 
70 
54 
70 
dB 


(-25:'0 VIN:'O -15) 
(-30:'0 
VIN:'O -17.5) 
V 


Dropout Voltage 
TJ = 25"C, lOUT = lA 
11 
1.1 
V 


lOMAX 
PeakOutput Current 
TJ = 25°C 
2.2 
2.2 
A 


Average Temperature 
lOUT = 5 mA, 
-0.8 
-1.0 
mVtC 
Coefficient of 
O°C:'OTJ:'O 100°C 


Output Voltage 


Note 1: For calculations of junction 
temperature 
rise due to power dissipation, thermal 
resistance junction 
to ambient 
(8JA) is 500C/W 


(no heat sink) and 5°C/W 
(infinite 
heat sink). 


Note 
2: Regulation 
is measured at a constant junction 
temperature 
by pulse testing with a low duty cycle. Changes in output 
voltage 


due to heating effects must be taken into account. 


, 


III 


L 
1 


J:CJ 


_ h.f 


+ "It 


Load and line regulation < 0.01% temperature 
stability:S 
0.2% 
t Determines 
Zener 
current 
ttSolid 
tantalum 


·Select 
resistors 
to set output 
voltage. 
2 ppmtC tracking 
suggested 


--, 
I 
II 
I 
r.11 j COMMON 
I 
lOAD 
t_J 
CURRENT 


I 
I 
I 
I 
__ 
J 


Rl 
and 01 allow the positive regulator to "start-up" 
when +V1N is 
delayed 
relative 
to 
-VIN 
and a heavy load is drawn between the 
outputs. Without 
Rl 
and 01, most three-terminal regulators will not 


start 
with 
heavy 
(0.1 A-l 
Al 
load 
current 
flowing 
to 
the 
negative 
regulator, even though the positive output 
is clamped by D2. 
• R2 is optional. 
Ground pin current from the positive regulator flowing 
through 
Rl will increase +VOUT 
:::::60 mV if R2 is omitted. 


8V-15V 


BULB 
USA 
MAX 
TURNON 


CURRENT 


I 
I 
I 
Clt.....1.:!:. 


zs..rf..- 
I 
I 
I 


6V-15V 


BULB 
USA 


MAJ: 
TURN·ON 


CURRENT 


• Lamp brightness increases until 
il = iQ 
(=:::: 1 mA) + 5V/R1. 


t Necessary only if raw supply filter capacitor is more than 2" 


from LM7905CT 


*Lamp 
brightness increasesuntil 11= 5V/R1 
01 can be set as 
low as 11JA) 
t Necessaryonly if raw supply filter capacitor is more than 2" 


from LM7905CT 


Order Numbers: 
LM7905CK 
LM7912CK 
LM7915CK 


See NS Package KC02A 


TO-3 Package 
""~~~; 


GNOX 


~"" 
.." 
'NPUT- 
O'NPUT 


GNO 


Order Numbers: 


LM7905CT 
LM7912CT 
LM7915CT 


See NS Package T03B 


r-s: 
•••••••• 
CD 


~ 


-=- 
en 


R18 
R19 
CD 


Ok 
5k 
~. 
CD 
CJ) 


~National 
~ 
Semiconductor 
Voltage Regulators 


The 
LM79LXXAC 
series 
of 
3·terminal 
negative 
voltage 


regulators 
features 
fixed 
output 
voltages 
of -5V, 
-12V, 
and 
-15V 
with 
output 
current 
capabilities 
in 
excess 
of 
100 
mA. 
These 
devices 
were 
designed 
using the 
latest 
computer 
techniques 
for 
optimizing 
the 
packaged 
IC 
thermal/electrical 
performance. 
The 
LM79LXXAC 


series, 
even 
when 
combined 
with 
a minimum 
output 


compensation 
capacitor 
of 0.1 J.l.F, exhibits 
an excellent 
transient 
response, 
a maximum 
line 
regulation 
of 0.07% 


VON, 
and 
a 
maximum 
load 
regulation 
of 
0.01% 


Vo/mA. 


The 
LM79LXXAC 
series 
also includes, 
as self-protection 
circuitry: 
safe operating 
area circuitry 
for output 
transis- 
tor power 
dissipation 
limiting, 
a temperature 
independent 


short 
circuit 
current 
Iimit 
for 
peak 
output 
current 


limiting, 
and 
a 
thermal 
shutdown 
circuit 
to 
prevent 


excessive 
junction 
temperature. 
Although 
designed 
pri· 
marily 
as fixed 
voltage 
regulators, 
these 
devices 
may 
be 


*Required 
if the regulator is located far from the power supply 
filter. 
A 1 IlF aluminum 
electrolytic 
may be substituted. 


**Required 
for stability. A 11lF 
aluminum electrolytic may 
be substituted. 


":" 


R2 
+ 
C2 
O.l.F 


RI 


-Va 


combined 
with simple 
external 
circuitry 
for boosted 
and/ 


or 
adjustable 
voltages 
and 
currents. 
The 
LM79LXXAC 
series 
is available 
in the 
3·lead 
TO·92 
package. 


For 
output 
voltage 
other 
than 
5V, 
12V 
and 
15V 
the 


LM 117 
series 
provides 
an 
output 
voltage 
range 
from 
1.2V 
to 57V. 


• 
Preset 
output 
voltage 
error 
is less than 
±5% overload, 


line and tem peratu 
re 


• 
Specified 
at an output 
current 
of 100 mA 


• 
Easily 
compensated 
with 
a 
small 
0.1 
fJ-F output 
capacitor 


• 
Internal 
short-circuit, 
thermal 
and safe operating 
area 
protection 


• 
Easily 
adjustable 
to higher 
output 
voltages 


• 
Maximum 
line 
regulation 
less than 
0.07% 
VOUT/V 


• 
Maximum 
load 
regulation 
less than 
0.01% 
VOUTmA 


• 
TO·92 
package 


Order Numbers 
LM79L05ACZ 
LM79L12ACZ 
LM79L 15ACZ 
See Package Z03A 


Absolute Maximum Ratings 


Input Voltage 


VO= -5V, 
-12V, 
-15V 
-35V 
Internal Power Dissipation (Note 1) 
Internally limited 
Operating Temperature Range 
O·Cto +70·C 
Maximum Junction Temperature 
+ 125·C 
Storage Temperature Ra'nge 
-55·Cto 
+150·C 
Lead Temperature (Soldering, 10 seconds) 
300·C 


Electrical Characteristics 
(Note 2) TA = O·C to + 70· unless otherwise noted. 


OUTPUT 
VOLTAGE 
-5V 
-12V 
-15V 


INPUT VOLTAGE 
(unless 
otherwise 
noted) 
-10V 
-17V 
-20V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
TJ= 25"C. 10= 100 mA 
-52 
-5 
-4.8 
-12.5 
-12 
-11.5 
-15.6 
-15 
-14.4 


1 mA " 10" 
100 mA 
-525 
-4.75 
-12.6 
-11.4 
-15.75 
-14.25 


VMIN " 
VIN " 
VMAX 
(-20" 
VIN" 
-7.5) 
(-27" 
VIN " -14.8) 
(-30" 
VIN" 
-18) 
V 


1 mA" 
10" 
40 mA 
-5.25 
-4.75 
-12.6 
-11.4 
-15.75 
-14.25 


VMIN " 
VIN " 
VMAX 
(-20"VIN"-7) 
(-27" 
VIN "-14.5) 
(-30" 
VIN" 
-17.5) 


I>VO 
Une 
Regulation 
Tj = 25 "C. 10= 100 mA 
60 
45 
45 
mV 


VMIN " 
VIN " 
VMAX 
(-20" 
VIN" 
-7.3) 
(-27" 
VIN" 
-14.6) 
(-30" 
VIN "-17.7) 
V 


TI = 25 "C.IO = 40 mA 
60 
45 
45 
mV 


VMIN " 
VIN " 
VMAX 
(-20"VIN"-7) 
(-27" 
VIN" 
-14.5) 
(-30" 
VIN" 
-17.5) 
V 


I> 
Load 
Regulation 
TJ=25"C 
50 
100 
125 
mV 


1 mA" 
10" 
100 mA 


I>VO 
Long Term Stability 
10 = 100 mA 
20 
48 
60 
mV/khrs 


IQ 
Quiescent 
Current 
10 = 100 mA 
2 
6 
2 
6 
2 
6 
mA 


I>IQ 
Quiescent 
Current 
1 mA" 
10" 
100 mA 
0.3 
0.3 
0.3 


Change 
mA 


1 mA" 
10" 
40 mA 
0.1 
0.1 
0.1 


10= 100 mA 
0.25 
0.25 
0.25 
mA 


VMIN " 
VIN " 
VMAX 
(-20" 
VIN" 
-7.5) 
(-27" 
VIN" 
-14.8) 
(-30" 
VIN" 
-18) 
V 


Vn 
Output 
Noise 
Voltage 
Tj = 25"C. 10 = 100 mA 
40 
96 
120 
"V 


f=10Hz-10kHz 


I>VIN 
Ripple 
Rejection 
Tj = 25"C, 10= 100 mA 
50 
52 
50 
dB 


I>VO 
f = 120 Hz 


Input 
Voltage 
Tj = 25"C 


Required to Maintain 
10= 100 mA 
-7.3 
-14.6 
- 17.7 


Line Regulation 
10=40 
mA 
-7.0 
-14.5 
-17.5 
V 


Note 1: Thermal 
resistance. 
junction 
to ambient. 
of the TO-92 (Z) package 
is 180 


DC/W 
when mounted 
with 0.40 inch leads on a PC board. 
and 


160"C/W 
when 
mounted 
with 
0.25 inch leads 
on a PC board. 


Note 
2: To ensure 
constant 
junction 
temperature. 
low duty 
cycle 
pulse 
testing 
is used. 


- 


t/) 
Q) 
Typical 
Performance 
Characteristics 
"t: 
Q) 
Maximum 
Average 
Power 
en 
Dissipation 
(TO-92) 
Peak 
Output 
Current 
() 


0.25 


0.125" lEAD 
LENGTH 


~ 


FROM 
PC 
BOARD 
0.7 
FREE 
AIR 
0.2 
~ 
5 
T1::: 
0 
C 
11" 25 C 
z 
~ 
0 
0.4 
z 
0.15 
..J 
~ 
~~ 
:> 
Tj = 125 
C 
0) 
~ 
u 
0.1 
<; 
~ 


•••••• 
:> 
~ 
0.2 
~ 
~ 
~ 


:> 
0 
0.05 
..J 


0.1 
0 
15 
30 
45 
60 
75 
0 
10 
15 
20 
25 
30 


T A - 
AMBIENT 
TEMPERATURE 
( C) 
INPUT-OUTPUT 
DIFFERENTIAL 
(V) 


Dropout 
Voltage 
Ripple 
Rejection 


-2 
-12V AND -15V 
80 
? 
~VOUT=filO 
mV 
Vour:: 
-12V 
;;. 
-1.5 


~ 


'OOlUomA~~ 
60 


-1 
-z 
'Oo40mA 
I 
0 


<; 


IO"OmA 
i 


40 
~ 
:>~ 
-2 
:> 
-5V 
0 
20 
, 


"' 
~ -1.5 
:> 
z 


-1 
0 
25 
50 
75 
100 
125 
lU 
lUO 
1k 
lUk 
lOOk 


fl- 
JUNCTION 
TEMPERATURE 
( Cj 
FREQUENCY 
(Hz) 


Short 
Circuit 
Output 


Current 


5~ 
z 
0.15 
~~ 
:>~ 
0.1 
:>~ 
:> 
0 
0.05 


o 


o 
-5 
-10 -15 -20 -25 -30 -35 


INPUT 
VOL lAGE 
(V) 


Output 
Voltage 
vs. 


Temperature 
(Normalized 


to lV 
@ 25°C) 


~ 
~ 
1.000 
~ 
~O.990 
"'"~ 
1.010 
~ 
~ 
1.000 


0.990 
o 


1 2.5 
~ 
z~~ 
:>~ 
z 
u 


5 
'" 


- 
uz 
~~~ 
:> 
0.1 


~ 


1 
-5 
-10 
-15 
-20 
-25 
-30 -35 


INPUT 
VOL lAGE 
(V) 


~National 
~ 
Semiconductor 


LM79MXX series 3-Terminal Negative Regulators 


The 
LM79MXX 
series 
of 3-terminal 
regulators 
is available 
with 
fixed 
output 
voltages 
of 
-5V, 
-12V, 
and 
-15V. 


These 
devices 
need 
only 
one 
external 
component-a 


compensation 
capacitor 
at 
the 
output. 
The 
LM79MXX 


series 
is packaged 
in 
the 
TO-202 
power 
package 
and 
TO-39 
metal 
can 
and 
is capable 
of 
supplying 
O.5A 
of 


output 
current. 


These 
regulators 
employ 
internal 
current 
limiting 
safe 
area 
protection 
and 
thermal 
shutdown 
for 
protection 


against 
virtually 
all overload 
conditions. 


Low 
ground 
pin current 
of the 
LM79MXX 
series 
allows 
output 
voltage 
to 
be 
easily 
boosted 
above 
the 
preset 


value 
with 
a resistor 
divider. 
The 
low quiescent 
current 


drain 
of these 
devices 
with 
a specified 
maximum 
change 


with 
line 
and 
load ensures 
good 
regulation 
in the voltage 


boosted 
mode. 


For 
output 
voltage 
other 
than 
5V, 
12V 
and 
15V 
the 


LM 117 
series 
provides 
an 
output 
voltage 
range 
from 


1.2V to 57V. 


• 
Thermal, 
short 
circuit 
and safe area 
protection 


• 
High ripple 
rejection 


• 
O.5A output 
current 


• 
4% preset 
output 
voltage 


I 
I 
I 
II 


C4··~ 
2!l.f-r 
I 
I 
I 


RJ.. 


OUTPUT 
TRIM 
TO -l!lOV 


( 
Rl 
+ R2) 


VOUT 
= VSET 
-----;;-- 


LM79M05CP 
LM79M12CP 
LM79M15CP 


300n 
750n 
1 k 


1-15) 
1+151 


Load Regulation at a.5A 
40 mV 
2 mV 
Output Ripple, CIN::: 3000,uF, IL = O.SA 
100,uVrms 
100,uVrms 


Temperature 
Stability 
50 mV 
50 mV 


Output 
Noise 10 Hz:5 
f $. 10 kHz 
150/JVrms· 
.150,uVrms 


·Resistor 
tolerance 
of R4 and AS determine 
matching 
of (+) and (-) 
outputs 


•."Necessary only 
if raw supply 
filter capacitors 
are more than 3" from 
regulators 


•.Required 
if regulator 
is separated from filter capacitor by more than 3". 


For value given, capacitor must be solid tantalum. 
25j.JF aluminum electro- 


lytic may be substituted. 


tRequired 
for stability. 
For value given, capacitor must be solid tantalum. 
25J,AF aluminum 
electrolytic 
may 
be substituted. 
Values 
given may 
be 


increased without 
limit. 


For 
output 
capacitance 
in excess of 
100J,.lF, a high current 
diode from 
INPUT 
input to output 
(1 N4001, 
etcJ will protect the regulator from momentary 
input shorts. 


·sov 


01 


11114001 


COM 


0' 
.. 
11114001 


Absolute Maximum Ratings 


Input 
Voltage 


(VO= 
5V) 
25V 


(VO = 12V and 
15V) 
-35V 


Input/Output 
Differential 


(VO=5IV) 
25V 


(VO = 121J and 
15V) 
30V 


Power 
Dissipation 
Internally 
Limited 


Operating 
Junction 
Temperature 
Range 
O'Cto 
+125'C 


Storage 
Temperature 
Range 
-65'Cto 
+150'C 


Lead 
Temperature 
(Soldering, 
10 seconds) 
230'C 


Electrical Characteristics 
Conditions 
unless 
otherwise 
noted: 
lOUT 
= 350 
mA, 
CIN 
= 2.2j;F, 
COUT 
= 11'F, 


O'C';; 
Tj';; 
+125'C 


PART NUMBER 
LM79M05C 
LM79M12C 
LM79M15C 


OUTPUT VOLTAGE 
-5V 
-12V 
-15V 


INPUT VOLTAGE 
(unless 
otherwise 
specified) 
-10V 
-19V 
-23V 
UNITS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vo 
Output 
Voltage 
Tj=25'C 
-4.8 
-50 
-52 
-11.5 
-12.0 
-12.5 
-14.4 
-15.0 
-15.6 
V 


5 mA';; 
lOUT';; 
350 mA 
-4.75 
-525 
-11.4 
-12.6 
-14.25 
-15.75 
V 
(-25';; 
VIN';; 
-7) 
(-27';; 
VIN';; 
-14.5) 
(-30';; 
VIN ,;; -17.5) 
V 


t>VO 
Line 
Regulation 
Tj = 25 'C, (Note 2) 
8 
50 
5 
80 
5 
80 
mV 
(-25';; 
VIN';; 
-7) 
(-30';; 
VIN';; 
-14.5) 
(-,;; 
VIN';; 
-17.5) 
V 


2 
30 
3 
30 
3 
50 
mV 
(-18';;VIN,;;-8) 
(-25';; 
VIN';; 
-15) 
(-28';; 
VIN';; 
-18) 
V 


t>VO 
Load Regulalion 
Tj = 25 'C, (Note 2) 
5 mA,;; 
lOUT';; 
0.5A 
30 
100 
30 
240 
30 
240 
mV 


IQ 
Quiescent 
Current 
Tj = 25'C 
1 
2 
1.5 
3 
1.5 
3 
mA 


t>IQ 
Quiescent 
Current 
With Une 
0.4 
0.4 
0.4 
mA 
Change 
(-25';; 
VIN';; 
-8) 
(-30';; 
VIN ,;; -14.5) 
(-30';; 
VIN';; 
-27) 
V 


With 
Load, 


5 mA,;; 
lOUT';; 
350 mA 
0.4 
0.4 
0.4 
mA 


Vn 
Output 
Noise 
Voltage 
TA=25'C, 
10 Hz';; 
f,;; 
100 Hz 
750 
400 
400 
"V 


Ripple 
Rejection 
t=120Hz 
54 
66 
54 
70 
54 
70 
dB 
(-18 
<; VIN <; -8) 
(-25 
<; VIN <; -15) 
(-30 
<; VIN <; -17.5) 
V 


Dropout 
Voltage 
Tj = 25 'C. lOUT = 0.5A 
1.1 
1.1 
1.1 
V 


lOMAX 
Peak Output 
Current 
Tj = 25'C 
800 
800 
800 
A 


Average 
Temperature 
IOUT=5mA, 
0.4 
-0.8 
-1.0 
mVl'C 


Coefficient 
of 
O'C <; Ti <; 100'C 
Output 
Voltage 


Note 
1: For calculations 
of junction 
temperature 
rise due to power 
dissipation, 
thermal 
resistance 
junction 
to ambient 
(BJA) is 70°C/W 
(no 


heat sink) and 
12'C/W 
(infinite 
heat sink). 


Note 
2: Regulation 
is measured 
at a constant 
junction 
temperature 
by pulse testing 
with a low duty cycle. 
Changes 
in output 
voltage 
due to 


heating 
effects 
must 
be taken 
into account. 


-. 
~OUTPUT 


~" 
INPUT 
GNO 
fl· 
J~(CASE) 
V 


LM79M05CH 
LM79M12CH 
LM79M15CH 


Power Package TO·202 
(PI 
Order Number: 


LM79M05CP 
LM79M12CP 
LM79M15CP 


See Package P03A 


For Tab Bend TO·202 
Order Number: 
LM79M05CP 
TB 
LM79M12CP 
TB 
LM79M15CP 
TB 
See Package P03E 


Section 2 


Voltage References 


Voltage 
Reference 
Selection 
Guide. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2-3 
LHOO70Series Precision 
BCD Buffered 
Reference 
2-5 
LH0071 Series Precision 
Binary Buffered 
Reference. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 
2-5 
LH0075 Positive 
Precision 
Programmable 
Regulator. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2-9 
LH0076 Negative 
Precision 
Programmable 
Regulator. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-14 
LM103 Reference 
Diode. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-19 
LM113/LM313 
Reference 
Diode. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-22 


LM129/LM329 
Precision 
Reference. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-25 
LM136/LM236/LM336 
2.5V Reference 
Diode. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-30 
LM136-5.0/LM236-5.0/LM336-5.0 
5.0V Reference 
Diode. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-36 
LM185-1.2/LM285-1.2/LM385-1.2 
Micropower 
Voltage 
Reference 
Diode. 
. . . . . . . . . . . . . . . . . . .. 
2-42 
LM185-2.5/LM285-2.5/LM385-2.5 
Micropower 
Voltage 
Reference 
Diode. 
. . . . . . . . . . . . . . . . . . .. 
2-48 
LM199/LM299/LM399 
Precision 
Reference. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-54 
LM199A/LM299A/LM399A 
Precision 
Reference. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-60 
LM3999 Precision 
Reference 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-63 


Voltage Temperature 
Drill·ppm/oC Max or 
Output 
Reverse 
Voltage 
mV Max Change Over 
Dynamic 
Breakdown Voltage 
Device 
Tolerance 
Temperature Range 
Current Range, IR 
Impedance 
VR atlR 
Max, TA = 25°C 
Drill 
Temperature 
(Max) 


(Max) 
Range 


1.22 
LM-113 
±5 


% 
100 ppm typ 
- 55'C to + 125'C 
500 p.A to 20 mA 
0.80 


1.22 
LM313 
±5 


% 
100 ppm typ 
O'C to 70'C 
500 p.A to 20 mA 
0.80 


1.22 
LM113·1 
±1 


% 
50 ppm typ 
- 55'C to + 125'C 
500 p.A to 20 mA 
0.80 


1.22 
LM113-2 
±2 


% 
50 ppm typ 
-55'Cto 
+ 125'C 
500 p.A to 20 mA 
0.80 


1.235 
LM185 
±1 


% 
20 ppm typ 
-55'Cto 
+ 125'C 
1 mA t020 
mA 
0.60 


1.235 
LM285 
± 1% 
20 ppm typ 
- 25'C to + 85'C 
1 mA t020 
mA 
0.60 


1.235 
LM385B 
± 1% 
20 ppm typ 
O'C to + 70'C 
1 mA t020 
mA 
10 


1.235 
LM385 
-2.5, 
+2 
20 ppm typ 
O'C to + 70'C 
1 mA t020 
mA 
10 


2.49 
LM136 
±2 


% 
18 mV 
-55'Cto 
+ 125'C 
400 p.Ato 10 mA 
0.60 


2.49 
LM136A 
± 1% 
18 mV 
- 55'C to + 125'C 
400 p.Ato 10 mA 
0.60 


2.49 
LM236 
±2 


% 
9 mV 
- 25'C to + 85'C 
400 p.Ato 10 mA 
0.60 


2.49 
LM236A 
± 1% 
9 mV 
- 25'C to + 85'C 
400 p.Ato 10 mA 
0.60 


2.49 
LM336 
±4 


% 
6 mV 
O"C to + 70'C 
400 p.A to 10 mA 
10 


2.49 
LM336B 
±2% 
6 mV 
O"C to + 70"C 
400 p.Ato 10 mA 
10 


2.5 
LM185·2.5 
±1.5'10 
20 ppm typ 
- 55'C to + 125"C 
20 p.A to 20 mA 
0.60 


2.5 
LM285-2.5 
± 1.5% 
20 ppm typ 
- 25'C 
to + 85'C 
20 p.A to 20 mA 
0.60 


2.5 
LM385-2.5 
±3% 
20 ppm typ 
O"C to + 7O"C 
20 p.A to 20 mA 
10 


2.5 
LM385B-2.5 
± 1.5% 
20 ppm typ 
O"C to + 7O"C 
20 p.A to 20 mA 
10 


5.0 
LM136·5.0 
± 2% 
36 mV 
- 55'C to + 125'C 
400 p.A to 10 mA 
0.60 


5.0 
LM136A-5.0 
±1 


% 
36 mV 
- 55"C to + 125'C 
400 p.A to 10 mA 
0.60 


5.0 
LM236-5.0 
±2 


% 
18mV 
-25"C 
to +85"C 
400 p.A to 10 mA 
0.60 


5.0 
LM236A-5.0 
± 1% 
18 mV 
- 25"C to + 85"C 
400 p.A to 10 mA 
0.60 


5.0 
LM336-5.0 
±4 


% 
12 mV 
O"C to + 70'C 
400 p.A to 10 mA 
10 


5.0 
LM336B-5.0 
±2 


% 
12 mV 
O'C to + 70'C 
400 p.A to 10 mA 
10 


6.90 
LM129A 
+3%, 
-2% 
10 ppm 
- 55'C to + 125'C 
0.6 mA to 15 mA 
10 


6.90 
LM129B 
+3%, 
-2% 
20 ppm 
- 55'C to + 125'C 
0.6 mA to 15 mA 
10 


6.90 
LM129C 
+ 30/0, 
- 
2% 
50 ppm 
- 55'C to + 125'C 
0.6 mA to 15 mA 
10 


6.90 
LM329B 
±5 


% 
50 ppm 
O'C to + 70'C 
0.6 mA to 15 mA 
20 


6.90 
LM329C 
±5 


% 
20 ppm 
O"C to + 70'C 
0.6 mA to 15 mA 
20 


6.90 
LM329D 
±5 


% 
100 ppm 
O'C to + 70'C 
0.6 mA to 15 mA 
20 


6.95 
LM199A 
+1%,-2% 
0.5 ppm 
- 55'C 
to + 125'C 
0.5 mA to 10 mA 
10 


6.95 
LM199A 
+1%,-2% 
10 ppm 
85'C 
to + 125'C 
0.5 mA to 10 mA 
10 


6.95 
LM199 
+1%,-2% 
1 ppm 
- 55'C 
to + 85'C 
0.5 mA to 10 mA 
10 


6.95 
LM199 
+1%,-2% 
15 ppm 
85'C to + 125'C 
0.5 mA to 10 mA 
10 


6.95 
LM299A 
+1%, 
-2% 
0.5 ppm 
- 25'C to + 85'C 
0.5 mA to 10 mA 
10 


6.95 
LM299 
+1%, 
-2% 
1 ppm 
- 25'C to + 85'C 
0.5 mA to 10 mA 
10 


6.95 
LM399A 
±5 


% 
1 ppm 
O"C to + 70'C 
0.5 mA to 10 mA 
1.50 


6.95 
LM399 
±5 


% 
2 ppm 
O'C to + 70'C 
0.5 mA to 10 mA 
1.50 


6.95 
LM3999 
±5 


% 
5 ppm 
O"C to + 70'C 
0.6 mA to 10 mA 
2.20 


10.00 
LH0070-0 
0.1% 
20 mV 
- 25'C to + 85"C 
o mA t020 
mA 
10 


10.00 
LH0070-1 
0.1% 
10 mV 
- 25'C to + 85"C 
o mA t020 
mA 
10 


10.00 
LH0070-2 
0.05% 
4 mV 
- 25'C to + 85"C 
o mA t020 
mA 
10 


10.24 
LH0071-0 
0.1% 
20 mV 
- 25'C to + 85"C 
o mA to 20 mA 
10 


10.24 
LH0071-1 
0.1% 
10 mV 
- 25'C to + 85"C 
o mA to 20 mA 
10 
10.24 
LH0071-2 
0.05% 
4 mV 
- 25'C to + 85"C 
o mA t020 
mA 
10 


Adjustable- 
LH0075 
±0.5% 
0.003%/"C 
typ 
-55"Cto 
+125"C 
1 mA to 200 mA 
10 
5V, 6V, 10V, 12V, 15V 


Adjustable- 
LH0075C 
±1% 
0.003%/"C 
typ 
O'C to + 70'C 
1 mA to 200 mA 
10 


5V, 6V, 10V, 12V, 15V 


Adjustable- 
LH0076 
±0.5% 
0.003%/·C 
typ 
- 55'C to + 125'C 
1 mA to 200 mA 
10 
- 5V, - 6V, -10V, 
- 12V, -15V 


Adjustable- 
LH0076C 
± 1% 
0.003%/·C 
typ 
O'C to + 70'C 
1 mA to 200 mA 
10 


- 5V, - 6V, -10V, 
-12V, 
-15V 


CI>< 
CD 0 
CD;:; 
n 
Q) 
_to 
o· CD 
~JJ 
C>~ 
c 
CD 
_. 
""" 
Q.CD 
CD 
~n 
CD 


0) 
UC 
0) 
O)"C 
•...- 
0) :J 
'Q)C' 
a:c 
0).2 
0)- 
mU 
-0) 


~~ 


Voltage Temperature 
Drift·ppm/oC Max or 
Output 
Reverse 
Voltage 
mV Max Change Over 
Dynamic 
Breakdown Voltage 
Device 
Tolerance 
Temperature Range 
Current Range, IR 
Impedance 
VR atlR 
Max, TA=25°C 
Drift 
Temperature 
(Max) 


(Max) 
Range 


LOW CURRENT ZENER DIODES 


1.8 
LM103 
±10% 
-5 
mV/oC typ 
- 55°C to + 125°C 
lOI'A to 10 mA 
2511 
2.0 
LM103 
±10% 
-5 
mV/oC typ 
- 55·C to + 125°C 
lOI'A to 10 mA 
2511 
2.2 
LM103 
±10% 
-5 
mV/·C typ 
- 55·C to + 125°C 
lOI'A to 10 mA 
2511 
2.4 
LM103 
±10% 
-5 
mvrc 
typ 
- 55·C to + 125·C 
lOI'A to 10 mA 
2511 
2.7 
LM103 
±10% 
- 5 mvrc 
typ 
- 55·C to + 125·C 
lOI'A to 10 mA 
2511 
3.0 
LM103 
±10% 
-5 
mV/·C typ 
- 55·C to + 125°C 
lOI'A to 10 mA 
2511 
3.3 
LM103 
±10% 
-5 
mV/·C typ 
-55·Cto 
+ 125°C 
lOI'A to 10 mA 
2511 
3.6 
LM103 
±10% 
-5 
mvrc 
typ 
-55·Cto 
+ 125·C 
lOI'A to 10 mA 
2511 
3.9 
LM103 
±10% 
- 5 mvrc 
typ 
- 55·C to + 125°C 
lOI'A to 10 mA 
2511 


4.3 
LM103 
±10% 
-5 
mV/·C typ 
- 55·C to + 125°C 
lOI'A to 10 mA 
2511 
4.7 
LM103 
±10% 
-5 
mvrc 
typ 
- 55·C to + 125°C 
lOI'A to 10 mA 
2511 
5.1 
LM103 
± 10% 
-5 
mV/·C typ 
- 55°C to + 125°C 
lOI'A to 10 mA 
2511 
5.6 
LM103 
±10% 
-5 
mV/·C typ 
-55·Cto 
+ 125°C 
lOI'A to 10 mA 
2511 


Voltage References 
~National 
~ 
Semiconductor 


LH0070 
Series Precision 
BCD Buffered 
Reference 


LH0071 
Series 
Precision 
Binary Buffered 
Reference 


The LH0070 and LH0071 are precision, three terminal, 
voltage references consisting of a temperature compen- 
sated zener diode driven by a current 
regulator and a 
buffer 
amplifieL 
The devices provide an accurate refer- 


ence that is virtually 
independent of input voltage, load 


current, 
temperature 
and 
time_ The 
LH0070 
has a 


10_000V nominal output 
to provide equal step sizes in 


BCD applications. The LH0071 has a 10.240V nominal 
output 
to provide equal step sizesin binary applications. 


The 
output 
voltage 
is established by trimming 
ultra- 


stable, low temperature 
drift, 
thin 
film 
resistors under 
actual operating ci rcuit conditions. The devices are short- 
circuit 
proof 
in both the current sourcing and sinking 


directions. 


The 
LH0070 
and 
LH0071 
series combine 
excellent 
long term 
stability, 
ease of application, 
and low cost, 


making 
them 
ideal 
choices 
as reference 
voltages in 


precision D to A and A to D systems. 


• 
Accurate output 
voltage 


LH0070 
10V ±0.02% 


LH0071 
1O.24V ±0.02% 


• 
Single supply operation 
11.4 V to 40V 


• 
Low output impedance 
0.2Q 


• 
Excellent line regulation 
0_1mV/V 


• 
Low zener noise 
20,uVp-p 


• 
3-lead TO-5 (pin compatible with the LM109) 


• 
Short circuit proof 


• 
Low standby current 
3 mA 


BOTTOM 
VIEW 


Order Number 
LH0070-0H, 
LHOO7l-(lH, 
LH0070-1H, 


LH0071-1H, 
LH0070-2H 
or LH0071-2H 


See NS Package H03B 


*Note. 
The output of the LHOO70 and LHOQ71 


may 
be adjusted 
to a precise 
voltage 
by using 


the 
above 
circuit 
since the 
supply 
current 
of 


the 
devices 
is relatively 
small 
and 
constant 
with temperature 
and input voltage. For the 
circuit 
shown, supply sensitivities are degraded 
slightly 
to 
0.01 %/V 
change 
in 
VOUT 
for 


changes in VIN 
and V-, 


OPTIONAL T 


An additional temperature drift of 0.0001 %/ 
°c 
is added due to 
the variation 
of supply 
current with temperature 
of the LH0070 
and 


LH0071. 
Sensitivity 
to the value of Rl, 
R2 
and R3 is lessthan 0.001 %/%. 


*Output 
Voltage Fine Adjustment 


r- 
::I:oo 
.......•o 
~r- 
::I:oo 
~ 
en 
CD 
""" 
CD' 
C/) 


Power Dissipation (SeeCurve) 
600 mW 
Short Circuit Duration 
Continuous 


Output Current 
t20 mA 


Operating Temperature Range 
-55°C 
to +125°C 


Storage Temperature Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 10 seconds1 
300°C 


Electrical 
Characteristics 
(Note 1) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
TA = 25°C 


LH0070 
10.000 
V 


LH0071 
10.240 
V 


Output Accuracy 
TA=25°C 


-0, 
-1 
to.03 
to.1 
% 


-2 
to.02 
t005 
% 


Output 
Accuracy 
T A = -55°C, 
125°C 


-0,-1 
to.3 
% 


-2 
to.2 
% 


Output 
Voltage Change With 
(Note 21 


Temperature 


-0 
t 
0.2 
% 


-1 
to.02 
t 
0.1 
% 


-2 
to.01 
to.04 
% 


Line Regulation 
13V < VIN <; 33V, TC = 25°C 


-0,-1 
0.02 
0.1 
% 


-2 
0.01 
0.03 
% 


Input Voltage Range 
11.4 
40 
V 


Load Regulation 
o mA::: 
lOUT::: 
5 mA 
0.01 
0.03 
% 


Quiescent 
Current 
13V::: VIN::: 
33V, lOUT = 0 mA 
1 
3 
5 
mA 


Change In Quiescent Current 
CiVIN = 20V From 13V To 33V 
0.75 
1.5 
mA 


Output 
Noise Voltage 
BW = 0.1 Hz To 10Hz, TA = 25°C 
20 
!,Vp-p 


Ripple Rejection 
f= 
120 Hz 
001 
%/Vp-p 


Output 
Resistance 
0.2 
0_6 
S1 


Long Term Stability 
TA = 25°C, (Note 3) 


-0,-1 
to.2 
%/yr. 


-2 
to.05 
%/yr. 


Note 1: 
Unless otherwise 
specified, 
these specifIcations 
apply 
for VIN 
= 15.DV, 
RL 
= 10 kn, 
and over the temperature 
range of -55°C 
S. TA::; 


+125"C. 


Note 
2: This specification 
is the difference 
in output 
voltage measured at T A = 8S' C and TA:::: 2SoC or T A = 2SoC and T A = -2SoC 
with 
readings 
taken after 
test chamber 
and device-under-test 
stabilization 
at temperature 
using a suitable precision voltmeter. 


Note 3: 
ThiS parameter 
is guaranteed 
by design and not tested. 


Typical 
Performance 
Characteristics 


Quiescent 
Current 
vs Input 
Normalized 
Output 
Voltage 


Maximum 
Power 
Dissipation 
Voltage 
vs Temperature 
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AMBIENT 
TEMPERATURE 
(Gel 
INPUT 
VOL TAGE 
(V) 
CASE 
TEMPERATURE 
( 
C) 


Output 
Short 
Circuit 
Step 
Load 
Response 
Characteristics 


I 
I 
I 
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,. 
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z 
0 
TA"+125 
~~ , 
° 
IM""[ 
I 
~ -500 
~ 


Cl"'lOpf 
8 
TA" 
+25 cl 


~ 


Q 


TA'-55C,~ 
~ 
I 
! 
I 
""~ 


Q 
IT 
I 


0 
6 
~-\ 
~ 
500 
> 


Cl" 
0.01 J)f 
~ 
I- 
~ 
4 
~ 
0 
-n 
I 
~ 
\\ , 
~ 
0 


~ 
-500 
DELTACURRENT"5 ffiA+-+-+- 
2 
\ \ , 
PULSE WIDTH" 
2 #5 


0 
1 
2 
3 
4 
5 
0 
5 
'0 
15 
20 
25 
30 


TIME 
(ps) 
OUTPUT 
CURRENT 
(mAl 
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Voltage 
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55EC 
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OIV. 


BW" 
0.1 Hz TO 10 Hz 


Typical 
Applications 
(Continued 
I 


IN4Q04 
~ 
140-180V PEAK 


•• 


30' 
m 
,w 


NOMINAL 


IOI.F_~ 
n 
" 
117V,ms 
1 
2 - 
+ 
AC LINE 
100V-~ 


+'" 


lHOD70 
100V 
CAl 
" 
J 
\ 
130V 
CAl 


30' 
3k 


1/4W 
o 
1 mA 
METER 


o mA 
10DV AC",,\ 


1 iliA 
13DVAClms 


Expanded 
Scale AC Voltmeter 


FROM 
2 WIRE 
TRANSMITTER 


SIMllARTOAlH0045 


4-20m~ 


O.ljlF 
INPUT 
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lOOk 


lHOO10 


909k 
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249k 
24Jk 


10k 


2ERD 
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-15V 


Negative 10V Reference 
Boosted Reference For 
Low Input Voltages 


~National 
~ 
Semiconductor 
Voltage References 


LH0075 Positive Precision Programmable Regulator 
GeneralDescription 
Features 


The 
LH0075 
is a precision 
programmable 
regulator 
for 
- 
Output 
adjustable 
to OV 


positive 
voltages. 
Regulated 
output 
voltages 
from 
0 to 
_ 
Line regulation 
typically 
0.008%/V 


27V 
may 
be obtained 
using 
one 
external 
resistor. 
Also 
_ 
Load 
regulation 
typically 
0.075% 
available 
without 
any 
external 
components 
are 
several 
_ 
Remote 
voltage 
sensing 


fixed 
regulated 
voltages 
with 
accuracies 
to 
0.1% 
(5V. 
6V. 
10V. 
12V 
and 
15V). 
The 
output 
current 
limit 
is 
- 
Rippierejectionof80dB 


adjustable 
from 
0 to 200 mA using two external 
resistors. 
- 
Adjustable 
precision 
current 
limit 


These 
features 
provide 
an inventory 
of precision 
regulated 
- 
Output 
currents 
to 200 
mA 


values 
in one package. 
_ 
Popular 
voltages 
available 
without 
external 
resistors 


IREF 
r-- 
I 
I 


CREF-A.- 


(EXTERNAll-,- 


I 
I 


f1 
I 
I 
I 
I 


RJ 
II 
I 


IREF 
(EXT, 
PROGRAMMING 


RESISTOR PINI 
Order Number 


LH0075G 
LH0075CG 
See Package H128 


Output 
Current 
200mA 


Power 
Dissipation 
See Curve 


Operating 
Temperature 
Range 
TMIN 
TMAX 


LH0075 
-55°C 
to +125°C 


LH0075C 
0° to +70°C 


Storage 
Temperature 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
Conditions 
for TMIN ., TA., 
TMAX unless 
otherwise 
noted 


LHOO75 
LHOO75C 


Parameter 
Conditions 
Units 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Line 
Regulation 
TA = 25°C 
0.008 
0.02 
0.008 
0.04 
%N 


Load 
Regulation 
TA = 25°C, 
1mA < ILOAD< 200mA 
Vour" 
5.0V 
2.5 
7.5 
2.5 
15 
mV 


Vour;;' 
5.0V 
0.055 
0.15 
0.055 
0.3 
% 


Reference 
Current 
(IREF) 
TA = 25°C, VIN = 15 V 
0.998 
1.000 
1.002 
0.995 
1.00 
1.005 
mA 


Load 
Regulation 
1 mA < ILOAD< 200 mA 
Vour" 
5.0V 
4.0 
15 
4.0 
25 
mV 


Vour;;' 
5.0V 
0.075 
0.3 
0.075 
0.5 
% 


Reference 
Current 
Drift 
VIN = 15V 
-0.0065 
-0.0065 
%/OC 


(AIREF/ATemp.) 


Minimum 
Load 
Current 
(ILlM) 
(Note 
1) 
98 
100 
102 
95 
100 
105 
I-'A 


Output 
Voltage 
Range 
0 
27 
0 
27 
V 


Minimum 
Input 
Voltage 
10 
10 
V 


Input-Output 
Differential 
TA = 25°C, 
3.0 
3.2 
3.0 
3.5 
V 
Voltage 
1mA < ILOAD< 200mA 


Quiescent 
Supply 
Current 
VIN = 15V 
6.0 
8.0 
6.5 
10 
mA 


Ripple 
Rejection 
Your = 5.0 V, f = 120 Hz 
65 
65 
dB 


CREF =2.2I-'F 
80 
80 
dB 


Output 
Voltage 
TA = 25°C, (Note 
2) 
±0.1 
±0.5 
±0.1 
±1.0 
% 


Tolerance 


Output 
Voltage 
Change 
with 
(Note 
3) 
0.003 
0.003 
%rC 
Temperature 
(AVour/ATemp.) 


Note 1: Minimum load current is established by ILlM' the current from 04 (seeschematic). ILiM goes directly to the outpufif 
the current 
limit feature is used. 


Note 2: For VIN = 15V and Your obtained by using R5, RG,R7, and R12 individually. 
Note 3: Total change over specified temperature range. 


Typical Performance Characteristics 


Reference 
Current 
Change with 


Maximum 
Power Dissipation 
Temperature 
(Normalized) 
Temperature 
Stability 
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TEMPERATURE 
( Cl 
TEMPERATURE 
( C) 
TEMPERATURE 
( C) 


Output 
Voltage 
Change with 
Input-Output 
Differential 


Temperature (Normalized) 
Current 
limit 
Voltage 
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TEMPERATURE 
( C) 
TEMPERATURE 
( C) 
TEMPERATURE 
( C) 


Load Transient 
Response 
Load Transient 
Response 
(Voltage 
Model 
(Current 
Model 
Ripple 
Rejection 
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Typical Applications 
(Cont'd) 
oJ: 
...J 
2A Regulator with Current Limit 


*Needed 
jf device is far from filter capacitors 


**Optional-improves 
transient 
response 


RpROG 
'" VOUT 
Desired 


1 mA 
[ 
RLIMIT 
J 
IOUT(MAXI 
= 
--- 
+ 1 x 100j.LA 
RSENSE 


lOUT';; 200 mA 


The 
LH0075 
does 
not 
require 
capacitors 
for 
stable 
operation, 
but an input bypass is recommended if device 


is far from filter capacitors. A 0.1 flF for input bypassing 
should be adequate for almost all applications. 


The ripple rejection may be improved by connecting an 
external 
capacitor 
between 
pin 
9 
and ground. 
(The 


typical 
performance 
curves show the rejection 
with 
a 


capacitance of 2.2 fJFd.) 


The LH0075 
provides various precision output 
voltages 
simply 
by using one or more of the internal 
resistors. 
A particular 
voltage may be obtained 
by external con- 
nections asshown in Table I. 


FIGURE 
1 


External Voltage Programming 


An external 
resistance can be connected between pin 9 
and ground to obtain any voltage from 0 to 27V using 
the following equation: 


The reference current 
(I REF) has a typical temperature 
coefficient 
of -65 
ppmfC. 
Choosing a resistive material 


with 
a temperature coefficient 
of 65 ppmf 
C will com- 
pensate the negative temperature 
coefficient, 
resulting 
in 
an output 
voltage with 
minimal 
change over the 
operating temperature range. Example of a good resistive 
material is Nichrome, which has a typical 
temperature 
coefficient 
of 80 ppmfC. 


The 
maximum 
current 
output 
of 
the device may be 


limited 
by adding two external resistors asshown below. 


The 
resistor 
values 
are 
easily 
calculated 
with 
the 


following equation: 


[ 
RLIMIT 
J 
IOUT(MAX) 
= 
--- 
+ 1 
x 100fJA 
RSENSE 


where RSENSE = 1 to 10n 


This programmable current limit feature can be extended 
to make the LH0075 a programmable constant current 
source. This can be done by leaving pin 9 open and 
setting RL1MIT and RSENSE asdesired. 


For 
applications 
where 
the 
current 
limit 
is used, a 


minimum 
load current 
of 
100 fJA is established at the 


output. 
This 
arises from 
the 
fact 
that 
the 
constant 
current 
used 
in 
setting 
maximum 
output 
current 
is 


100 fJA, and 
it 
goes directly 
to 
the 
output 
of 
the 


LH0075. 
If the total current drawn from the output 
is 


lessthan the minimum, the output will rise. 


As in the remote voltage adjustment application, remote 
current 
sensing can be applied similarly. 
RSENSE must 
be placed as close to the output of the LH0075 as possi- 
ble, but RLiMIT 
can be a fixed resistor or potentiometer 


located remotely from the device. 


OUTPUT 
PIN 5 
PIN 6 
PIN 7 
PIN 8 
PIN 9 
VOLTAGE 
(V) 


5 
Gnd 


6 


8 


10 
Gnd 


12 
Gnd 


15 
Gnd 


18 


LH0076 Negative Precision Programmable Regulator 


The 
LH0076 
is a precision programmable regulator for 


negative voltages. Regulated output 
voltages from 0 to 


-27V 
may 
be obtained 
by using 1 external 
resistor. 


Also 
available 
without 
any 
external 
components 
are 


several fixed 
regulated voltages with accuracies to 0.1% 


(-3V, 
-5V, 
-6V, 
-8V, 
-9V, 
-12V, 
-15V 
and -l8V). 


The output 
current limit is adjustable from 0 to 200 mA 
using 2 external 
resistors. These features provide 
an 


inventory 
of 
precision 
regulated values in 
1 package. 


• 
Line regulation typically 
0.005%/V 


• 
Load regulation typically 
0.02% 


• 
Remote voltage sensing 


• 
Ripple rejection-70 
dB 


• 
Output Adjustable to OV 


• 
Adjustable precision current limit 


• 
Output current to 200 mA 
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I 
Jk 


L_'~_ 
10 


Order 
Number 


LH0076G 
LH0076CG 
See Package H 128 


Case is electrically 
isolated 


Absolute Maximum Ratings 


Input 
Voltage 
-32V 


Output 
Voltage 
-27V 


Output 
Current 
200mA 


Power 
Dissipation 
See Curve 


Operating 
Temperature 
Range 


LH0076 
-55°C 
to +125°C 


LH0076C 
-25°C 
to +85°C 


Storage 
Temperature 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
Conditions 
are for TM1N.;;;TA.;;; TMAX unless 
otherwise 
noted 


LHOO76 
LHOO76C 


Parameter 
Conditions 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Line 
Regulation 
TA = 25°C 
0.005 
0.02 
0.005 
0.04 
%N 


Load 
Regulation 
TA = 25°C, 
1 mA < ILOAD< 200 mA 
Your 
~ -5.0V 
7.5 
15 
mV 


Vour';;; 
-5.0V 
0.02 
0.15 
0.02 
0.3 
% 


Reference 
Current 
(IREF) 
TA=25°C, 
VIN=-15V 
0.998 
1.000 
1.002 
0.995 
1.000 
1.005 
mA 


Reference 
Current 
Drift 
V1N= -15V 
-0.0065 
-0.0065 
%/oC 


(AIREF/ATemp.) 


Minimum 
Load Current 
(ILlM) 
(Note 
1) 
98 
100 
102 
95 
100 
105 
I'A 


Output 
Voltage 
Range 
0 
-27 
0 
-27 
V 


Minimum 
Input 
Voltage 
-10 
-10 
V 


Input-Output 
Differential 
TA = 25°C, 
2.7 
3.2 
2.7 
3.5 
V 
Voltage 
1 mA < ILOAD< 200 mA 


Quiescent 
Supply 
Current 
V1N=-15V 
11 
15 
11 
15 
mA 


Ripple 
Rejection 
Your = -5.0 V, f = 120 Hz 
70 
70 
dB 


Output 
Voltage 
TA = 25°C, (Note 2) 
±0.1 
±0.5 
±0.1 
±1.0 
% 


Tolerance 


Output 
Voltage 
Change 
with 
(Note 
3) 
0.003 
0.003 
%/oC 
Temperature 
(AVour/ATemp.) 


Note 1: Minimum 
load current 
is established 
by ILlM, the current to 02 (see schematic). 
ILiM draws directly 
from the output 
if the cur- 
rent limit feature 
is used. 


Note 2: For VIN = -15 V and Your obtained 
by using A4, A5, A6, and AS individually. 


Note 3: Total change over specified 
temperature 
range. 
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Load 
Transient 
Response 
(Voltage 
Model 


V1N'" 
-2DV 
vour" 
-5V 


.-_25C 


,./ 
_.-: 
'~55:~_ 


11_- 
rJI 


200 


180 


~ 
160 
I-.s. 
140 
~~ 
~ ~ 
120 


~~':~ 


is 
~ 
1.2 


~ 
0.8 
~ 
z 
0.4 
'"'"B 
0 


u 
E -0.' 


:: 
-0.8 


-1.2 


-50 
-25 
0 
25 
50 
75 
100 125 


TEMPERATURE 
rCI 


Load 
Transient 
Response 


(Current 
Mode) 


V,N' -20'/ 
I 


lOUT" 
100 
mA 
(MAXI 


VIN '" -15V 


10UT= 
200 mA 


Vour" 
-SV 


~ 
z 
'"" 
u~ 
~ 
c> 
~ 
-0.4 
~~ 
c 


AINTERNAl 


.•••••••~XTERNAl 


~- 


-1.2 


-50 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE 
( C) 


~ 
2.9 
t 
2.7 
> 
2.5 


2.3 
_ 
ILOAD'" 
5 mA 


2.1 


-50 
-25 
0 
25 
50 
15 
100 125 


TEMPERATURE 
( Cl 


200 


:; 
150 
!. 
100 


~ 
50 
~ 
0 
:; 
-50 
~ 
-100 


VIN 
= -15V 


102 
- 
Your 
= -5V 


Il 
= lDOmA 


10-3 


10 
100 
lk 
10k 
lOOk 
1M 
10M 


FREQUENCY 
(Hz) 


The 
LH0076 
does not 
require 
external 
capacitors for 


stable operation. 
However, 
an input 
bypass is recom- 
mended 
if 
the device is far from 
filter 
capacitors. 
A 
0.1 pF 
for 
input 
bypassing should 
be adequate 
for 
most applications. 


VOUT desired 
REXT= 
----- -lmA 


The reference current 
(IREF) 
has a typical 
temperature 


coefficient 
of -·60 ppmfC. 
Choosing a resistive material 
with 
a temperature coefficient 
of 60 ppmfC 
will com- 
pensate the negative tempco of the reference current, 
resulting in an output 
voltage with minimal change over 


the 
operating 
temperature 
range. Example 
of 
a good 


resistive 
material 
is 
nichrome, 
which 
has a typical 


tempco of 80 ppmfC. 
Nichrome is the resistive material 
used in the 
LH0076, 
resulting 
in output 
voltage drift 
of 20 ppm/oC typically. 


An external resistance can be connected between pin 10 
and ground to obtain any voltage from 0 to -27V 
using 


the following 
equation: 


The LH0076 
provides various precision output 
voltages 
simply by using 1 or more of the internal programming 
resistors. These voltages may be obtained 
by using the 


connections as shown in Table I. 


~r 
7 


For 
applications 
where 
the 
current 
limit 
is used, a 


minimum 
load current 
of 
100 /lA 
is established at the 


output. 
This 
arises from 
the 
fact 
that 
the 
constant 


current 
used 
in 
setting 
maximum 
output 
current 
is 


100 /lA, 
and it comes directly 
from 
the output 
of the 


LH0076. 
If the total 
load current 
is less than this mini- 


mum current, the output 
will drop. 


As in the remote voltage adjustment application, 
remote 


current 
sensing 
can 
be 
applied 
similarly. 
RSENSE 


should be placed as close to the output 
of the LH0076 


as possible, but 
RLiMIT 
can be a resistor or potentio- 


meter located remotely from the device. 


~ 


RLlMIT 
J 
IOUT(MAX) 
= 
--- 
+ 1 
x 100/lA 
RSENSE 


The 
maximum 
current 
output 
of 
the device may 
be 
limited 
by 
adding 
2 
external 
resistors as shown 
in 
Figure 2. 
The 
resistor values are calculated 
using the 
-VIN 
following 
equation: 


This programming 
current 
limit 
feature can be extended 


to make the LH0076 a programmable current sink. This 
can be done by leaving pin 10 open and setting RLiMIT 
and RSENSE as desired. 
(See Figure 3). 


OUTPUT 
PIN 1 
PIN 2 
PIN 7 
PIN 10 
PIN 11 
VOLTAGE 
(V) 


-3 
Gnd 


5 


6 
Gnd 
8 


9 
Gnd 


-12 
Gnd 


15 
Gnd 


-18 
Gnd 


The LM103 
is a two·terminal 
monolithic 
reference 
diode electrically 
equivalent to a breakdown diode. 
The device makes use of the reverse punch·through 
of double·diffused 
transistors, 
combined 
with 
ac· 


tive circuitry, 
to produce a breakdown 
character· 
istic which is ten times sharper than single·junction 
zener diodes at low voltages. Breakdown 
voltages 


from 
1.8V to 5.6V are available; and, although the 
design is optimized 
for operation between 100 IlA 
and 1 mA, it is completely 
specified from 10 IlA to 


10 mA. Noteworthy 
features of the device are: 


• 
Exceptionally 
sharp breakdown 


• 
Low dynamic 
impedance from 
10 IlA to 10 mA 


• 
Performance guaranteed over full 
military 
tem· 


perature range 


• 
Planar, passivated junctions for stable operation 


• 
Low capacitance. 


The 
LM 103, 
packaged in a hermetically 
sealed, 


modified 
TO·46 header is useful in a wide range of 


circuit 
applications 
from 
level shifting 
to simple 


voltage regulation. 
It can also be employed 
with 


operational 
amplifiers 
in producing breakpoints to 


generate nonlinear 
transfer 
functions. 
Finally, 
its 


unique characteristics 
recommend 
it as a reference 


element 
in low voltage power supplies with 
input 


vo Itages down to 4V. 
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Absolute Maximum Ratings 


Power Dissipation 
(note 1) 


Reverse Current 
Forward 
Current 


Operating Temperature 
Range 
Storage Temperature 
Range 


Lead Temperature 
(soldering, 60 sec) 


250 mW 
20mA 
100mA 
_55°C to 125°C 
_65°C to 150°C 
300°C 


Electrical Characteristics 
(Note 21 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Reverse Breakdown 
Voltage Change 
lOj.LAS 
IR S 100j.LA 
60 
120 
mV 


100j.LASIRSl 
mA 
15 
50 
mV 


1 mA~IRS10mA 
50 
150 
mV 


Reverse Dynamic 
Impedance (Note 3) 
IR = 3 mA 
5 
25 
n 


IR = 0.3 mA 
15 
60 
n 


Reverse Leakage Current 
VR = Vz -0.2V 
2 
5 
).LA 


Forward 
Voltage Drop 
IF = 10 mA 
0.7 
O.B 
1.0 
V 


Peak·to·Peak Broadband 
Noise Voltage 
10 Hz~f~100 
kHz, IR = 1 mA 
300 
j.LV 


Reverse Breakdown 
Voltage Change 
10j.LASIR 
S 100j.LA 
200 
mV 
with Current 
(Note 4) 
100j.LA::;IR:'S 
1 mA 
60 
mV 


1 mA~IR~10mA 
200 
mV 


Breakdown 
Voltage Temperature 


mVfC 
Coefficient 
(Note 4) 
100j.LASIR::; 
1 mA 
-5.0 


Note 
1: 
For operating 
at elevated 
temperatures, 
the device 
must 
be derated 
based on a 150°C 
maximum 
junction 
temperature 
and a thermal 
resistance of 80°C/W 
junction 
to case or 440°C/W 
junction 
to ambient 
(see curvel. 


Note 
2: These 
specifications 
apply 
for TA = 25°C 
and 
1.8V < Vz < 5.6V 
unless 
stated 
otherwise. 
The diode 
should 
not be oper- 
ated 
with 
shunt 
capacitances 
between 
100 
pF and 0.01 
IJF, unless 
isolated 
by at least a 300.0 
resistor, 
as it may oscillate 
at some 
currents. 
For voltages between 
4.3V 
and S.6V, the maximum 
shunt capacitance 
is 50 pF rather than 100 pF. 


Note 3: 
Measured with 
the peak·to 
peak change of reverse current 
equal to 10% of the DC reverse current. 


Note 4: 
These specifications 
apply for -5SoC 
< TA < +12SoC. 


Guaranteed 
Reverse Characteristics 


03 


1,I4V~ v,'s\H- 


03 
Uvdv,~,',V- 


03 
ULL!.l 
02 
T..•."-5~C 
- 
02 
I .•. = 25·C 
- 
02 


TA" 
125·C 
I 
~ 
1/ 
~ 
~ 
~ 
01 
~ 
01 
01 
~ 
..• 
z 
z 
z 
" 
~ 
" 
TYPICAL 
" 
....• 
z 
0- 
:;tICAL 
z 


0 
z 
0 
TYPtCAl 
~ 
--::: 
~ 
" 
K 
" 
" 


MAXIMUM 


-01 
~ -0.1 
-0.1 
0 
MAXIMUM 
0 
MAXIMUM 
0 
> 
> 
> 
I 
II 
-0.2 
II 
I 
-02 / 
II 
II 
I 


-0.2 


-0.3 
-0.3 
-0.3 
0.01 
0.1 
1.0 
10 
0.01 
01 
10 
10 
001 
0.\ 
1.0 
10 


REVERSE 
CURRENT 
(mAl 
REVERSE 
CURRENT 
(mAl 
REVERSE 
CURRENT 
(mAl 


Typical Performance Characteristics 


Reverse 
Characteristics 
Reverse Dynamic 
Impedance 
Temperature 
Drift 


10-2 
10K 
0.6 


LM103·3.0 
I 
I 
, 
I W,J 
'~6~ 
10-3 
. 
I 
j I - 
,- 
0.4 


:< 
I : 
- 
1K 


\ 
T.•.z-5SoC 
~ 
" 
§ 10-· 
. . 
I;' 
0.2 
"', 
" 
~ 
~ 
I , 
0 
B 
10-s 
,~ 


~ 
100 
T.•. " 25°C 


~ 


'" 


0 
[".. 
~ 10-< 
'_55°C 


~ 


~. 
T":ll~~oC 
~ -0.2 
'It' 


0 
~ 
10 
> 
"- 
10-1 
125°C 
_ ... 


-0.4 
, 
mr 
" 
10-8 


We " 


1 
-0.6 


0 
1 
2 
3 
4 
0.01 
0.\ 
1.0 
10 
-75 
-25 
25 
75 
125 


REVERSE VOLTAGE 
(V) 
REVERSE 
CURRENT 
(mAl 
TEMPERATURE 
fOCI 


Forward 
Characteristics 
Response 
Time 
Maximum 
Power Dissipation 


15 
: 
2.~~I<Vz<5 
.6~ 


12 
400 


10 
INPUT 


I 


~ 
300 


1.0 
T•• =-55°C 
~ , 
~ 


~.",., 


z 
z 
0 
--..... 
~ , 
;: 
~ 
~ 
200 
T .•. z 25°C 
~ 
- 
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" 
" 
::l 
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~ 


4 
" 
]1" 


0> 
I 
~ 
2 
100 
I 
l< 
....•.....•• 


0 
I 


0 


0.01 
01 
1.0 
10 
100 
0 
2 
4 
, 
8 
10 
2' 
50 
7' 
100 
125 
fORWARO 
CURRENT 
(mAl 
T1MEu,.s1 
AMBIENT 
TEMPERATURE 
'·Cl 


BREAKDOWN 
PART 
VOLTAGE* 
NUMBER 


1.8 
LM103H·1.8 
2.0 
LM103H-2.0 


2.2 
LM103H·2.2 
2,4 
LM103H·2,4 
2.7 
LM103H-2.7 
3.0 
LM103H·3.0 


3.3 
LM103H-3.3 
3.6 
LM103H-3.6 
3.9 
LM103H-3.9 


4.3 
LM103H-4.3 
4.7 
LM103H·4.7 


5.1 
LM103H-5.1 
*Measured at I R = 1 mA. 
5.6 
LM103H·5.6 


Standard tolerance 
is ± 10%. 


The 
LMl13/LM313 
are temperature 
compensated, 
low 
voltage 
reference 
diodes. 
They 
feature 
ex- 
tremely-tight 
regulation 
over 
a 
wide 
range 
of 


operating 
currents 
in addition 
to an unusually-low 
breakdown 
voltage 
and good 
temperature 
stability. 


The 
diodes 
are 
synthesized 
using 
transistors 
and 
resistors 
in a monolithic 
integrated 
circuit. 
As such, 
they 
have 
the 
same 
low 
noise 
and 
long 
term 
stability 
as modern 
IC op 
amps. 
Further, 
output 
voltage 
of 
the 
reference 
depends 
only 
on highly- 


predictable 
properties 
of 
components 
in the 
IC; 
so they 
can 
be manufactured 
and supplied 
to tight 
tolerances. 
Outstanding 
features 
include: 


• 
Low breakdown 
voltage: 
1.220V 


• 
Dynamic 
impedance 
of 
0.3n 
from 
SOO IlA 
to 


20mA 


• 
Temperature 
stability 
typically 
1% over 
-SSoC 
to 12SoC 
range 
(LM 113), 
O°C to 70°C 
(LM313) 


• 
Tight 
tolerance: 
±S% 
standard, 
±2% 
and 
±1% 


on 
special 
order. 


The 
characteristics 
of this 
reference 
recommend 
it 
for 
use 
in bias-regulation 
circuitry, 
in low-voltage 


power 
supplies 
or in battery 
powered 
equipment. 


The 
fact 
that 
the 
breakdown 
voltage 
is equal 
to a 


physical 
property 
of 
silicon-the 
energy-band-gap 
voltage-makes 
it 
useful 
for 
many 
temperature- 
compensation 
and 
temperature-measurement 
functions_ 


Power Dissipation 
(Note 1) 
Reverse Current 
Forward Current 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 10 seconds) 


Temperature 
(TA) 
LM113 
LM313 


- --.- - 
r- 


-55 
+125 
°c 
s: 
0 
70 
°c 
W 
...10. 
W 


100mW 
50mA 
50mA 


-<l5°C to +150°C 
300°C 


Electrical 
Characteristics 
(Note 2) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reverse Breakdown 
Voltage 


LM113/LM313 
1.160 
1.220 
1.280 
V fII 


LM113-1 
IR = 1 mA 
1.210 
1.22 
1.232 
V 


LMl13-2 
1.195 
1.22 
1.245 
V 


Reverse Breakdown 
Voltage 
0.5 mA ~ IR ~ 20 mA 
6.0 
15 
mV 
Change 


IR = 1 mA 
0.2 
1.0 
n 
Reverse Dynamic 
Impedance 
IR=10mA 
0.25 
0.8 
n 


Forward 
Voltage 
Drop 
IF=1.0mA 
0.67 
1.0 
V 


RMS Noise Voltage 
10Hz~f~10kHz 
5 
/lV 
IR = 1 mA 


Reverse Breakdown 
Voltage 
0.5 mA ~ 
I R ~ 10 mA 
15 
mV 


Change with 
Current 
TM1N ~TA 
~TMAX 


Breakdown 
Voltage 
Temperature 
1.0mA~IR~10mA 
0.01 
%tc 
Coefficient 
TM1N ~TA 
~TMAX 


Note 1: 
For 
operating 
at elevated temperatures, 
the 
device must 
be derated 
based on a 1SOoC 
maximum 
junction 
and a thermal 
resistance of 80oC/W junction 
to case or 4400C/W 
junction 
to 


ambient. 


Note 2: 
These specifications 
apply 
for 
T A 
= 
2SoC, unless stated 
otherwise. 
At 
high currents, 
breakdown 
voltage should be measured with lead lengths less than 1/4 inch. Kelvin contact sockets are 
also recommended. 
The diode should not be operated with shunt capacitances between 200 pF and 


0.1 ,uF, unless isolated by at least a 100 n resistor, as it may oscillate at some currents. 
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Semiconductor 
Voltage References 


The 
LM129 
and 
LM329 family 
are 
preCISion multi- 
current temperature 
compensated 
6.9V zener references 
with dynamic impedances a factor of 10 to 100 less than 
discrete diodes. Constructed 
in a single silicon chip, the 


LM129 uses active circuitry to buffer the internal zener 
allowing the device to operate over a 0.5 mA to 15 mA 
range with 
virtually 
no change 
in performance. 
The 
LM129 and LM329 are available with selected tempera- 
ture coefficients 
of 0.001, 0.002, 0.005 and o.ol%fc. 


These 
new references 
also have excellent 
long term 


stability and low noise. 


A new subsurface breakdown 
zener used in the LM129 


gives lower noise and better 
long term 
stability 
than 


conventional 
IC zeners. Further the zener and tempera- 
ture 
compensating 
transistor 
are 
made 
by a planar 


process so they 
are immune 
to problems 
that plague 


ordinary 
zeners. 
For 
example, 
there 
is virtually 
no 


voltage shifts in zener voltage due to temperature 
cycling 
and the 
device 
is insensitive 
to stress on the 
leads. 


The LM129 can be used in place of conventional 
zeners 
with improved performance. The low dynamic impedance 


simplifies biasing and the wide operating current allows 
the replacement of many zener types. 


The LM129 is packaged in a 2-lead TO-46 package and is 
rated for operation over a -55°C to +125°C temperature 
range. The LM329 for operation 
over 0-70°C 
is availa- 


ble in both 
a hermetic 
TO·46 package and a TO-92 
epoxy package. 


• 
0.6 mA to 15 mA operating current 
• 
0.6r2 dynamic impedance at any current 


• 
Available with temperature 
coefficients of 0.001 %fC 


• 
7!J.Vwideband noise 


• 
5% initial tolerance 


• 
0.002% long term stabi!.ity 


• 
Low cost 
• 
Subsurface zener 


10 TURN 
OUTPUT 
ADJUST 


uperanng 
Iemperature 
Hange 


LM129 
-55°C 
to +125°C 


LM329 
O°C to +70°C 


Storage Temperature 
Range 
-55°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics 
(Note 1) 


LM129A, 
B, C 
LM329B, 
C, D 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Reverse Breakdown 
Voltage 
T A = 25°C, 


0.6 mA ~ IR ~ 15 mA 
6.7 
6.9 
7.2 
6.6 
6.9 
7.25 
V 


Reverse Breakdown 
Change 
T A = 25°C, 


with Current 
0.6mA~IR~15mA 
9 
14 
9 
20 
mV 


Reverse Dynamic 
Impedance 
T A = 25°C, IR = 1 mA 
0.6 
1 
0.8 
2 
n 


RMS Noise 
T A = 25°C, 


10 Hz ~ F ~ 10 kHz 
7 
20 
7 
100 
IlV 


Long Term Stability 
TA = 45°C ±O.l°C, 


IR = 1 mA ±0.3% 
20 
20 
ppm 


Temperature 
Coefficient 
IR = 1 mA 


LM129A, 
LM329A 
6 
10 
6 
10 
ppmtC 


LM 129B, LM329B 
15 
20 
15 
20 
ppmfC 


LM 129C, LM329C 
30 
50 
30 
50 
ppmfC 


LM329D 
50 
100 
ppmfC 


Change In Reverse Breakdown 
1 mA ~ IR ~ 15 mA 
1 
1 
ppmtC 


Temperature 
Coefficient 


Reverse Breakdown 
Change 
1 mA ~ IR ~ 15 mA 
12 
12 
mV 


with Current 


Reverse Dynamic 
Impedance 
1 mA ~ IR ~ 15 mA 
0.8 
1 
n 


Note 
1 :These specifications 
apply for -55°C::;' 
T A::; 
+12SoC 
for the LM129 
and aOc ::; T A ~ +70°C 
for the LM329 
unless otherwise 
specified. 
The 


maximum 
junction 
temperatur.e for an LM129 
is 150°C 
and LM329 
is lOOoe. For operating at elevated temperature, 
devices in T0-46 
package 
must be derated based on a thermal resistance of 4400 C/W 
junction 
to ambient or set C/W junction to case. For the TO-92 
package, the derc~ting 


is based on 180°C/W 
junction to ambient with 0.4" 
leads from a PC board and 160°C!W junction to ambient with 0.125" 
lead length to a PC 
board. 


} 
OUTPUT 
10mVrk 


Order Number 
LM129AH. 
LM129BH 
LMl29CH. 
LM329AH. 
LM329BH. 
LM329CH 
or LM3290H 
See NS Package H02A 


Order Number 
LM329BZ. 
LM329CZ 
or LM329DZ 
See NS Package Z03A 
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General Description 


The 
LM136/LM236 
and LM336 
integrated 
circuits 
are 
precision 
2.5V shunt regulator diodes. These monolithic 
IC 
voltage 
references 
operate 
as a low 
temperature 
coefficient 
2.5V 
zener with 
0.2n 
dynamic 
impedance. 


A 
third 
terminal 
on the 
LM136 
allows 
the 
reference 


voltage and temperature 
coefficient 
to be trimmed 
easily. 


temperature 
range. Both are packaged in a TO-46 package. 


The 
LM336 
is rated for operation 
over a 0° C to +70° C 


temperature 
range and is available in either 
a three lead 


TO-46 package or a TO-92 plastic package. 


The LM 136 series is useful as a precision 2.5V low voltage 
reference 
for 
digital 
voltmeters, 
power 
supplies 
or op 


amp circuitry. 
The 2.5V 
make it convenient 
to obtain 
a stable reference from 
5V logic supplies. Further, 
since 
the LM136 operates as a shunt regulator, 
it can be used 


as either a positive or negative voltage reference. 


• 
Low temperature 
coefficient 


• 
Wide operating current of 300 J1Ato 10 mA 


• 
0.2n 
dynamic 
impedance 


• 
±1% initial 
tolerance available 


• 
Guaranteed temperature 
stability 


• 
Easily trimmed 
for minimum 
temperature 
drift 


• 
Fast turn·on 


• 
Three lead transistor 
package 


The LM136 is rated for operation 
over -55°C 
to +125°C 


while 
the 
LM236 
is rated 
over 
a -25°C 
to 
+85°C 


R5 


24k 


R6 


24k 
Rl 


6.611 


016 


RB 
600 


ADJ 


R' 
lOk 


R10 
6.6k 


R2 
Rl 
" 
Uk 


,v 


i= 


" 


2.SV 


-=-'0"6 


t Adjust 
to 2.49QV 


* Any silicon signal diode 


Reverse Current 
Forward 
Current 


Storage Temperature 
Operating 
Temperature 


LM136 
LM236 
LM336 
Lead Temperature 
(Soldering, 
10 seconds) 


15mA 


10mA 


-£O°C to +150°C 


-55°C 
to +150°C 


-25°C 
to +85°C 
O°C to +70°C 


300°C 


LM136A/LM236A 
LM336B 


PARAMETER 
CONDITIONS 
LM136/LM236 
LM336 
UNITS 


MIN 
TVP 
MAX 
MIN 
TYP 
MAX 


Reverse Breakdown 
Voltage 
T A = 25°C, IR = 1 mA 


LM 136/LM236/LM336 
2.440 
2.490 
2.540 
2.390 
2.490 
2.590 
V 


LM136A/LM236A, 
LM3368 
2.465 
2.490 
2.515 
2.440 
2.490 
2.540 
V 


Reverse Breakdown 
Change 
TA = 25°C, 
2.6 
6 
2.6 
10 
mV 


With Current 
400 /lA ::; IR ::; 10 mA 


Reverse Dynamic 
Impedance 
TA = 25° C, IR = 1 mA 
0.2 
0.6 
0.2 
1 
n 


Temperature 
Stability 
V R Adjusted 
to 2.490V 


IR = 1 mA, 
(Figure 2) 


O°C::; TA::; 
70°C (LM336) 
1.8 
6 
mV 


-25°C::; 
TA ::; +85°C (LM236) 
3.5 
9 
mV 


-55°C::; 
T A::; 
+125°C (LM136) 
12 
18 
mV 


Reverse Breakdown 
Change 
400 /lA::; 
IR ::; 10 mA 
3 
10 
3 
12 
mV 


With Current 


Reverse Dynamic 
Impedance 
IR = 1 mA 
0.4 
1 
0.4 
1.4 
n 


Long Term Stability 
T A = 25°C ±O.l°C, 
I R = 1 mA 
20 
20 
ppm 


Note 
1: 
Unless otherwise specified. the LM136 
is specified from -55°C:$. 
TA:$. +12SoC. 
the LM236 from -2SoC 
$. T AS 
+8SoC 
and the LM336 
from aOc S TA s.. +70°C. 
The maximum junction temperature of the LM136 
is 150°C. 
LM236 
is 12SoC 
and the LM336 is lOOoe. 
For elevated 
junction 
temperature, 
devices in the T0-46 
package should 
be derated 
based on a thermal 
resistance of 440°C/W 
junction 
to ambient 
or 80°C/W 
junction 
to case. For the TO-92 
package, the derating is based on 180°C/W 
junction to ambient with 0.4" 
leads from a PC board and 160°C/W 
junction 
to ambient 
with 
0.125" 
lead length to a PC board. 
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4 
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0.01 
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Temperature 
Drift 


2.590 


2.510 


2.550 


~2.530 


~ 
2.510 


~ 
2.490 
> 2.470 
~~::~: 


~ 
2.410 


2.390 
IA· 1 mA 


2.370 
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The LM136 series voltage references are much easier to 
use than ordinary 
zener diodes. Their low impedance 
and wide 
operating 
current 
range simplify 
biasing in 


almost any circuit. 
Further, either the breakdown volt- 


age or the temperature 
coefficient 
can be adjusted to 
optimize circuit performance. 


Figure 
1 shows an LM136 
with 
a 10k potentiometer 


for 
adjusting 
the reverse breakdown voltage. With the 


addition 
of 
R1 the breakdown 
voltage can be adjusted 


without 
affecting 
the 
temperature 
coefficient 
of the 


device. 
The 
adjustment 
range is usually sufficient 
to 


--- 
r-_ 
-I-- 
r- 


adjust 
for 
both 
the 
initial 
device tolerance 
and inac- 
curacies in buffer 
circuitry. 


If 
minimum 
temperature 
coefficient 
is desired, 
two 
diodes can be added in series with 
the adjustment 
po- 


tentiometer 
as shown in Figure 2. When the device is 


adjusted to 2.490V the temperature coefficient 
is mini- 
mized. Almost 
any silicon signal diode can be used for 


this purpose such as a 1N914, 1N4148 or a 1N457. For 
proper temperature 
compensation the diodes should be 


in the same thermal environment 
as the LM136. 
It is 


usually sufficient 
to mount the diodes near the LM136 
on the printed circuit 
board. The absolute resistance of 


R1 is not critical and any value from 2k to 20k will work. 


V,N 


6V TO 20V 
*U 
600llH 


+ 


47 ~F 
VAAO 
VSK3JO 


*L 1 60 turns #16 wire on Arnold 
Core A-254168·2 
t Efficiency 
~ 80% 


Trimmed 
2.5V 
Reference 
with 
Temperature 
Coefficient 
Independent 
of Breakdown 
Voltage 


Order Number 
LM336Z-2.5 
or LM336BZ-2.5 
See Package Z03A 


Order Number 


LM136H-2.5. 
LM236H·2.5. 
LM336H-2.5. 
LM136AH-2.5. 


LM236AH-2.5 
or LM336BH-2.5 
See Package H03H 


Voltage References 
~National 
~ 
Semiconductor 


LM136·5.0/LM236·5.0/LM336·5.0 5.0V Reference Diode 


General Description 


The 
LM136-5.0/LM236-5.0/LM336-5.0 
integrated 
circuits 


are precision 
5.0V shunt 
regulator 
diodes. 
These 
mono- 


lithic 
Ie voltage 
references 
operate 
as a low temperature 


coefficient 
5.0V zener 
with 
0.60 
dynamic 
impedance. 
A 


third 
terminal 
on 
the 
LM136-5.0 
allows 
the 
reference 


voltage 
and temperature 
coefficient 
to be trimmed 
easily. 


The 
LM136-5.0 
series 
is useful 
as a precision 
5.0V 
low 


voltage 
reference 
for digital 
voltmeters, 
power supplies 
or 


op amp circuitry. 
The 5.0V make 
it convenient 
to obtain 
a 


stable 
reference 
from 
low voltage 
supplies. 
Further, 
since 


the LM136-5.0 operates 
as a shunt 
regulator, 
it can be used 


as either 
a positive 
or negative 
voltage 
reference. 


The 
LM136-5.0 
is 
rated 
for 
operation 
over 
- 55·e 
to 


+ 125·e 
while 
the 
LM236-5.0 
is rated 
over 
a 
- 25·e 
to 
+ 85·e 
temperature 
range. 
Both are packaged 
in a TO-46 


package. 
The LM336-5.0 
is rated for operation 
over a o·e to 


+ lO·e temperature 
range and is available 
in either 
a three 


lead TO-46 package 
or a TO-92 plastic 
package. 
For appli- 


cations 
requiring 
2.5V see LM136-2.5. 


Features 


• 
Adjustable 
4V to 6V 


• 
Low temperature 
coefficient 


• 
Wide 
operating 
current 
of 400 ~ 
to 10 mA 


• 
0.60 dynamic 
impedance 
• 
± 1% initial 
tolerance 
available 


• 
Guaranteed 
temperature 
stability 


• 
Easily 
trimmed 
for minimum 
temperature 
drift 


• 
Fast turn-on 


• 
Three 
lead transistor 
package 
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Trimmed 
4V to 6V Reference 
with 
Temperature 
Coefficient 
Independent 
of Breakdown 
Voltage 
5_0V Reference 
with 
Minimum 
Temperature 
Coefficient 


IOY 
f' 


5.0V 


-= 'M""" 


t AdJust to 5.00V 


.•Any silicon signal diode 


IOY 
f3,.. 


,,,. 


'M"',',' -= 
'"Cllom 


Reverse Current 


Forward 
Cu rrent 


Storage 
Temperature 


Operating 
Temperature 
LM136-5.0 
LM236-5.0 
LM336-5.0 


Lead Temperature(Soldering, 
10 seconds) 


15mA 


10mA 


- 60·C to -150·C 


-55·Cto 
-150·C 
-25·Cto 
+85·C 
O·Cto 
+ 70·C 


300·C 


LM136A·S.O/LM236A·S.0 


LM136·S.0/LM236-S.0 
Min 
Typ 
Max 


LM336B-S.O 


LM336·S.0 
Units 


Min 
Typ 
Max 


TA=25·C,IR=1 
mA 


LM136·5.0/LM236-5.0/LM336-5.0 


LM136A-5.0/LM236A-5.0, 
LM336B·5.0 


TA = 25·C, 


600 J-LA:sIR:s 10 mA 


TA=25·C, 
IR= 1 mA 


VR Adjusted 
5.00V 
IR=1 mA,(Figure2) 
0·C:sTA:s70·C 
(LM336-5.0) 


- 25·C:sTA:s 
+85·C 
(LM236-5.0) 


- 55·C :sTA:s + 125·C (LM136-5.0) 


600 J-LA:sIR:s 10 mA 


Reverse 
Breakdown 
Change 


With 
Current 


Reverse 
Dynamic 
impedance 


Temperature 
Stability 


Reverse 
Breakdown 
Change 


With 
Current 


Adjustment 
Range 


Reverse 
Dynamic 
Impedance 
IR= 1 mA 


Long Term Stability 
TA= 25·C ± 0.1·C, IR= 1 mA 


5.00 
5.1 
4.8 
5.00 
5.2 
V - 


5.00 
5.05 
4.90 
5.00 
5.1 
V 


6 
12 
6 
20 
mV 


0.6 
1.2 
0.6 
2 
0 


7 
18 


20 
36 


6 
17 
6 


±1 
±1 


0.8 
1.6 
0.8 


20 
20 


V 


2.5 
0 


ppm 
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350 


~ 


300 


~ 
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The LM136-5.0 series voltage 
references 
are much easier 


to use than 
ordinary 
zener diodes. 
Their 
low impedance 


and 
wide 
operating 
current 
range 
simplify 
biasing 
in 


almost 
any circuit. 
Further, either the breakdown 
voltage 


or the temperature 
coefficient 
can be adjusted 
to optimize 


circuit 
performance. 


Figure 
1 shows 
an LM136-5.0 with a 10k potentiometer 
for 


adjusting 
the reverse breakdown 
voltage. 
With 
the addi- 
tion of R1 the breakdown 
voltage 
can be adjusted 
without 


affecting 
the temperature 
coefficient 
of the device. 
The 


adjustment 
range is usually 
sufficient 
to adjust 
for both 


the 
initial 
device 
tolerance 
and 
inaccuracies 
in buffer 


circuitry. 


FIGURE 
1_ LM136-S.0 with Pot lor Adjustment 
of 


Breakdown 
Voltage 


o 
0.001 
0.01 
0.1 
1 
10 


fORWARD 
CURRENT 
{mAl 


If minimum 
temperature 
coefficient 
is desired, four diodes 
can be added in series with the adjustment 
potentiometer 
as shown 
in Figure 2. When the device is adjusted 
t05.00V 


the temperature 
coefficient 
is minimized. 
Almost 
any sili- 


con signal 
diode can be used for this purpdse 
such as a 
1N914, 1N4148 or a 1N457. For proper 
temperature 
com- 


pensation 
the diodes 
should 
be in the same thermal 
envi- 
ronment 
as the LM136-5.0. It is usually 
sufficient 
to mount 


the diodes 
near the LM136-5.0 on the printed 
circuit 
board. 


The absolute 
resistance 
of the network 
is not critical 
and 
any value from 2k to 20k will work. 
Because 
of the wide 


adjustment 
range, fixed resistors 
should 
be connected 
in 
series with the pot to make pot setting 
less critical. 


•... 
•.. ,r'N9'. 


, ·'N9'• 
.~ . 


f""lII 


TO·92 
Plastic 
Package 


Order 
Number 
LM336Z-S.0 
or LM336BZ·S.O 


NS Package 
Number 
Z03A 


TO·46 
Metal 
Can Package 


Order 
Number 
LM136H·S.O, 
LM236H·S.O, 
LM336H·S.O, 


LM136AH·S.O, 
LM236AH·S.O 
or LM336BH·S.O 


NS Package 
Number 
H03H 


Voltage References 
~National 
~ 
Semiconductor 


LM18S·1.2/LM28S·1.2/LM38S·1.2 
Micropower Voltage Reference Diode 


General Description 


The 
LM18S-1.2/LM28S-1.2/LM38S-1.2 are 
micropower 


2-terminal band-gap voltage regulator diodes. Operating 
over a 10p.Ato 20 mA current range, they feature excep- 
tionally low dynamic impedance and good temperature 
stability. On-chip trimming is used to provide tight voltage 
tolerance. Since the LM18S-1.2band-gap reference uses 
only transistors 
and resistors, low noise and good long 


term stability result. 


Careful design of the LM18S-1.2has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its usewith widely varying supplies 
with excellent regulation. Some outstanding features are: 


• 
Operating current of 10p.Ato 20 mA 


• 
1% and 2% initial tolerance 


• 
10 dynamic impedance 


• 
Low temperature coefficient 
• 
Low voltage reference-1.23SV 
• 
2.SVdevice also available- 
LM38S-2.S 


The extremely low power drain of the LM18S-1.2makes it 
useful for micropower circuitry. This voltage reference can 
be used to make portable meters, regulators or general pur- 
pose analog circuitry with battery life approaching shelf 
life. Further, the wide operating current allows it to replace 
older references with a tighter tolerance part. 


The LM18S-1.2is rated for operation over a - SS'Cto 12S'C 
temperature range while the LM28S-1.2is rated - 2S'C to 
8S'C and the LM38S-1.2 O'C to lO·C. The LM18S-1.2/ 
LM285-1.2/LM385-1.2 are available in a hermetic TO-46 
package and the LM38S-1.2is also available in a low-cost 
TO-92molded package. 


Calibration 


1. Adjust Rl so that 


V1 = temp at 1 mV/oK 


2. Adjust V2 to 273.2 mV 


tlQ 
for 1.3V to 1.6V battery 


voltage = 50 ~ 
to 150 flA 


Wide Input Range 
Reference 


ReverseCurrent 


Forward 
Current 


Operating 
Temperature 
Range 


LM185-1.2 
LM285-1.2 
LM385-1.2 


Storage 
Temperature 


LeadTemperature{Soldering,10seconds) 


30mA 


10mA 


-55·Cto 
+125·C 


-25·Cto 
+85·C 
0·Cto70·C 


- 55·Cto 
+ 150·C 


300·C 


Parameter 
Conditions 
LM185·1.2/LM285·1.2 
LM385·1.2/LM385B-1.2 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Reverse 
Breakdown 
Voltage 
TA=25·C 
IM1NsIRs20 
mA 
LM 185-1.2/LM285-1.2/LM385B-1.2 
1.223 
1.235 
1.247 
1.223 
1.235 
1.247 
V 


LM385-1.2 
1.205 
1.235 
1.260 
V 


Minimum 
Operating 
Current 
8 
10 
8 
15 
JlA 


Reverse 
Breakdown 
Voltage 
'MINSIRS1 
mA 
1 
1 
mV 


Change 
with 
Current 
1.5 
1.5 
mV 


1 mAsIRs20 
mA 
10 
20 
mV 


20 
25 
mV 


Reverse 
Dynamic 
Impedance 
IR= 100 JlA 
0.2 
0.6 
0.4 
1 
n 


1.5 
1.5 
n 


Average 
Temperature 
10 JlAsIRs20 
mA (Note 
2) 
20 
20 
ppm/·C 


Coefficient 


Wide 
Band 
Noise 
(RMS) 
IR=100JlA 
60 
60 
JlV 


10 Hzsfs10 
kHz 


Long 
Term 
Stability 
IR= 100 JlA 
20 
20 
ppm/kHR 


TA= 
25·C ± 0.1·C 


Note 1: Boldface type applies over the operating 
temperature range. Thermal resistance of the TO-46 package is 440·CIW 
junction 
to ambient or 


ao·elW 
junction 
to case. Thermal resistance of the TO-92 package is 1BO·CIW 
junction 
to ambient. 


Note 2: Guaranteed maximum average temperature coefficient 
available as special order. 


Micropower 
Reference 


from 9V Battery 
Reference 
from 
1.5V Battery 


Reverse Characteristics 
Reverse Characteristics 
Forward 
Characteristics 
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REVERSE VOLTAGE (V) 
REVERSE 
CURRENT 
(mAl 
FORWARD 
CURRENT 
(mAl 


IR 
= 100J.lA 


/ 
-- 
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~ 
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w 
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Calibration 


1. Short LM385-1.2, adjust R3 for lOUT = temp at 1 p.A/oK 


2. Remove short, adjust R2 for correct reading in centigrade 


110 at 1.3V = 500 .A 


10 at 1.6V = 2.4 mA 


Calibration 


1. Short LM385-1.2. adjust R3 for lOUT = temp at 1.8 p.A/oK 


2. Remove short. adjust R2 for correct reading in of 


* 2N3638 or 2N2907 select for inverse HFE=5 
t Select for operation at 1.3V 
i 10=600.A 
to 900.A 


MERCURY 
+ 


CELL 
1.345V 


'-' 
COLD 
JUNCTION 


ISOTHERMAL 


WITH 
LM334 


Adjustment 
Procedure 


1. Adjust TC ADJ pot until voltage across R1 equals kelvin temperature 
multiplied 
by the thermocouple 
seebeck coefficient. 


2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple 
seed beck coefficient 
multiplied 
by 273.2. 


Thermocouple 
Seebeck 
R1 
R2 
Voltage 
Voltage 


Type 
Coefficient 
(0) 
(0) 
Across R1 
Across R2 
(.V/·C) 
@2S·C 
(mV) 


(mV) 


J 
52.3 
523 
1.24k 
15.60 
14.32 


T 
42.8 
432 
1k 
12.77 
11.78 


K 
40.8 
412 
9530 
12.17 
11.17 


S 
6.4 
63.4 
1500 
1.908 
1.766 


Typical supply current 50 p.A 


2-46 


TO·92 
Plastic 
Package 


Order Number 
LM385Z·1.2 or LM385BZ·l.2 
NS Package 
Number 
Z03D 


TO·46 
Metal 
Can Package 


Order Number 
LM185H·l.2, 
LM285H·l.2, 


LM385H·l.2 
or LM385BH·l.2 
NS Package 
Number 
H03A 


LM18S-2.51LM285-2.51LM385-2.S Micropower 
Voltage Reference Diode 


General Description 


The 
LM185-2.5/LM285-2.5/LM385-2.5 
are 
micropower 


2-terminal 
band-gap 
voltage 
regulator 
diodes. 
Operating 


over a 20 p.A to 20 mA current 
range, they feature 
excep- 


tionally 
low dynamic 
impedance 
and good 
temperature 


stability. 
On-chip trimmin'g 
is used to provide tight voltage 


tolerance. 
Since 
the LM185-2.5 band·gap 
reference 
uses 


only transistors 
and resistors, 
low noise 
and good 
long 


term stability 
result. 
• 


Careful 
design 
of the LM185-2.5 has made the device ex- 


ceptionally 
tolerant 
of capacitive 
loading, 
making 
it easy 


to 
use 
in almost 
any 
reference 
application. 
The wide 


dynamic 
operating 
range allows 
its use with widely 
vary- 


ing supplies 
with excellent 
regulation. 
Some outstanding 


features 
are: 


• 
Operating 
current 
of 20 p.Ato 20 mA 


• 
1.5% and 3% initial 
tolerance 


• 
10 dynamic 
impedance 


• 
Low temperature 
coefficient 


• 
Low voltage 
reference-2.5V 


The extremely 
low power drain of the LM185-2.5 makes 
it 


useful for micropower 
circuitry. 
This voltage 
reference 
can 


be used to make 
portable 
meters, 
regulators 
or general 


purpose 
analog 
circuitry 
with 
battery 
life 
approaching 


shelf 
life. Further, the wide operating 
current 
allows 
it to 


replace older references 
with a tighter 
tolerance 
part. For 


applications 
requiring 
1.2V see LM185·1.2. 


The 
LM185-2.5 
is rated 
for operation 
over a 
-55·C 
to 


125·C 
temperature 
range 
while 
the 
LM285-2.5 
is rated 


-25·C 
to 
85·C 
and 
the 
LM385-2.5 
O·C to 
70·C. 
The 


LM185-2.5/LM285-2.5/LM385-2.5 
are 
available 
in 
a 


hermetic 
TO-46 
package 
and 
the 
LM385-2.5 
is 
also 


available 
in a low-cost 
TO-92 molded 
package . 


Reverse Current 


Forward 
Current 


Operating 
Temperature 
Range 


LM185-2.5 
LM285-2.5 
LM385-2.5 


Storage 
Temperature 


Lead Temperature 
(Soldering, 
10 seconds) 


30mA 


10mA 


- 55'C to + 125'C 
-25'Cto 
+85'C 
0'Ct070'C 


- 55'C to + 150'C 


300'C 


LM185·2.5/LM285-2.5 
LM385-2.5/LM385B-2.5 


Parameter 
Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Reverse 
Breakdown 
Voltage 
TA=25'C, 
IM1N:5IR:520 
mA 


LM185-2.5/LM285-2.5/ 
2.462 
2.5 
2.538 
2.462 
2.5 
2.538 
V 


LM385B-2.5 


LM~85-2.5 
2.425 
2.5 
2.575 
V 


Minimum 
Operating 
Current 
8 
20 
8 
20 
I'A 


Reverse 
Breakdown 
Voltage 
20 I'A :5IR:51 
mA 
1 
2 
mV 
Change 
with 
Current 
1.5 
2.5 
mV 


1 mA:51 R:520 mA 
10 
20 
mV 


20 
25 
mV 


Reverse 
Dynamic 
Impedance 
IR= 100 I'A 
0.2 
0_6 
0.4 
1 
0 


1.5 
1.5 
0 


Average 
Temperature 
20 I'A :5IR:520 
mA 
20 
20 
ppm/'C 
Coefficient 
(Note 
2) 


Wide 
Band 
Noise 
(RMS) 
IR= 100 I'A 
120 
120 
I'V 


10 HZ:5f:510 
kHz 


Long 
Term 
Stability 
IR= 100 I'A 
20 
20 
ppm/kHR 


TA = 25'C 
± 0.1 'C 


Note 1: Boldface 
type applies 
over the operating 
temperature 
range. Thermal 
resistance 
of the TO-46 package 
is 440·CNoI junction 
to ambient 
or 80°C junc- 
tion to case. Thermal 
resistance 
of the TO-92 package 
is 180°CIW junction 
to ambient. 


Note 2: Guaranteed 
maximum 
average 
temperature 
coefficient 
available 
as special 
order. 


Mlcropower 
Reference 
from 
9V Battery 


Reverse Characteristics 
Reverse Characteristics 
Forward Characteristics 
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16 
1.6 


;;.s 
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10 
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.. 
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~ 


0:.. 
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0.4 
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:: 


0: 
~ 


-4 


0.5 
1.0 
1.5 
2.0 
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3.0 
0.01 
0.1 
10 
100 
0.1 
1 
10 
100 


REVERSE VOLTAGE (V) 
REVERSE 
CURRENT 
(mAl 
FORWARD CURRENT (mA) 


Noise Voltage 
Filtered Output Noise 
Response Time 


1400 
120 
3.0 


1200 
100 
;; 
2.0 


1000 
3 
~ 
'f 
~ 
::l 
80 
.. 
z 
1.0 
800 
~ 
i!i 
> 
" 
60 
~ 
~ ,,,.,, 


.5 
600 
.. 
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~ 
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~ 
~ 400 
> 
i!! 
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lk 
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lOOk 
lk 
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lOOk 
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FREOUENCY (Hz) 
CUTOFF FREOUENCY 1Hz) 
TIME (PI) 


Temperature Drift 


2.530 


2.520 


~2.510 
~ 
~ 2.500 


~2.UD 


; 
2.410 


~ 2.470 


~ 
2.460 


Reverse Dynamic 
Impedance 
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Calibration 


1. Short LM385-2.5, adjust 
R3 for lOUT = temp at 1.AJ"K 


2. Remove short, adjust 
R2 for correct 
reading 
In centigrade 


CIUbrltlon 


1. Short LM385·2.5, adjust 
R3 for IOUT= 
temp at 1.8.AJ"K 


2. Remove short, adjust 
R2 for correct 
reading 
in ·F 


'-' 
COLD JUNCTION 
ISOTHERMAL 
WITH lMJJ4 


Adjustment 
Procedure 


1. Adjust 
TC ADJ pot until voltage 
across 
R1 equals 
Kelvin temperature 


multiplied 
by the thermocouple 
Seebeck 
coefficient. 


2. Adjust 
zero ADJ pot until voltage 
across 
R2 equals 
the thermocouple 


Seebeck 
coefficient 
multiplied 
by 273.2. 


seebeck 
Voltlgl 
Voltlgl 
Thermocouple 
Coefflcllnt 
R1 
R2 
Acro •• 
R1 
Acros. 
R2 


Type 
<-VI"C) 
(0) 
(0) 
@2S"C 
(mV) 
(mV) 


J 
52.3 
523 
1.24k 
15.60 
14.32 


T 
42.8 
432 
1k 
12.77 
11.78 


K 
40.8 
412 
9530 
12.17 
11.17 


S 
6.4 
63.4 
15011 
1.908 
1.766 


Typical 
supply 
current 
50 ".A 


TO·92 
Plastic 
Package 


Order 
Number 
LM385Z·2.5 
or LM385BZ·2.5 
NS Package 
Number 
Z03D 


TO·46 
Metal 
Can Package 


Order 
Number 
LM185H·2.5, 
LM285H·2.5, 


LM385H·2.5 
or LM385BH·2.5 
NS Package 
Number 
H03A 


~National 
~ 
Semiconductor 
Voltage References 


LM199/LM299/LM399 Precision Reference 
General 
Description 


The 
LM199/LM299/LM399 
are 
precision, 
temperature' 
stabilized 
monolithic 
zeners 
offering 
temperature 


coefficients 
a 
factor 
of 
ten 
better 
than 
high 
quality 


reference 
zeners. 
Constructed 
on 
a single 
monolithic 


chip 
is 
a temperature 
stabilizer 
circuit 
and 
an 
active 


reference 
zener. 
The active 
circuitry 
reduces 
the dynamic 


impedance 
of 
the 
zener 
to 
about 
0.5n 
and 
allows 
the 


zener 
to 
operate 
over 
0.5 
mA 
to 
10 mA current 
range 


with 
essentially 
no 
change 
in 
voltage 
or 
temperature 
coefficient. 
Further, 
a new 
subsurface 
zener 
structure 
gives 
low 
noise 
and 
excellent 
long 
term 
stability 
com· 
pared 
to 
ordinary 
monolithic 
zeners. 
The 
package 
is 


supplied 
with 
a thermal 
shield 
to minimize 
heater 
power 


and improve 
temperature 
regulation. 


The 
LM 199 
series 
references 
are 
exceptionally 
easy 
to 


use and 
free 
of the 
problems 
that 
are often 
experienced 
with 
ordinary 
zeners. 
There 
is virtually 
no hysteresis 
in 
reference 
voltage 
with 
temperature 
cycling. 
Also. 
the 
LM 199 
is free of voltage 
shifts 
due to stress 
on the leads. 


Finally, 
since 
the unit 
is temperature 
stabilized. 
warm 
up 
time 
is fast. 


The 
LM199 
can 
be 
used 
in almost 
any 
application 
in 
place 
of 
ordinary 
zeners 
with 
improved 
performonce. 
Some 
ideal 
applications 
are analog 
to digital 
converters, 


calibration 
standards, 
precision 
voltage 
or current 
sources 


or 
precision 
power 
supplies. 
Further 
in many 
cases 
the 


LM199 
can 
replace 
references 
in 
existing 
equipment 


with 
a minimum 
of 
wiring 
changes. 


The 
LM 199 
series 
devices 
are 
packaged 
in a standard 


hermetic 
TO·46 
package 
inside 
a thermal 
shield. 
The 


LM199 
is rated 
for 
operation 
from 
-55°C 
to 
+125°C 
while 
the 
LM299 
is rated 
for operation 
from 
-25°C 
to 


+85°C 
and 
the 
LM399 
is rated 
from 
O°C to +70°C. 


• 
Guaranteed 
0.0001 
%fC 
temperature 
coefficient 


• 
Low dynamic 
impedance 
- 
0.5n 


• 
Initial 
tolerance 
on breakdown 
voltage 
- 
2% 


• 
Sharp 
breakdown 
at 400J1A 


• 
Wide operating 
current 
- 
500J1A to 10 mA 


• 
Wide supply 
range 
for temperature 
stabilizer 


• 
Guaranteed 
low noise 


• 
Low power 
for stabilization 
- 
300 
mW at 
25°C 


• 
Long term 
stability 
- 
20 ppm 


~-0+ 


Order Number LMl99H, 
LM299H 
or LM399H 
See Package 
H04A 
M' 
r- --- I 
I, 
I 


I 
I 
I 
I 
L 
-.J 


• 
2 


n~v~rse creaKoown L.urrent 


Forward 
Current 


Reference to Substrate Voltage VIRS) (Note 
1) 


20 mA 


1 mA 


40V 


-D. IV 


Operating 
Temperature 
Range 


LM199 


LM299 


LM399 
Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
10 secondsI 


-55°C 
to + 125°C 


-25°C 
to +85°C 


O°C to +70°C 


-55°C to +150°C 
300°C 


Electrical 
Characteristics 
(Note 2) 
- 
LM199/LM299 
LM399 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Reverse Breakdown 
Voltage 
0.5 mA ~ IR ~ 10 mA 
6.8 
6.95 
7.1 
6.6 
6.95 
7.3 
V 


Reverse Breakdown 
Voltage 
0.5 mA ~ I ~ 10 mA 
6 
9 
6 
12 
mV 


Change With Current 


Reverse Dynamic 
Impedance 
IR = 1 mA 
0.5 
1 
0.5 
1.5 
n 


Reverse Breakdown 
--55°c < TA < 85°e } 
0.00003 
0.0001 
%l°e 


85°C ~ TA 
~ 
125°C 


LM199 
%fe 
Temperature 
Coefficient 
0.0005 
0.0015 


_25°C ~ TA 
~ 85°e 
LM299 
0.00003 
0.0001 
%fe 


oOe ~ TA 
~ 70 


0e 
LM399 
0.00003 
0.0002 
%l°e 


RMS Noise 
10Hz~f~10kHz 
7 
20 
7 
50 
IN 


Long Term Stability 
Stabilized, 22°e ~ TA 
~ 28°e, 
20 
20 
ppm 


1000 Hours, I R = 1 mA ±0.1% 


Temperature 
Stabilizer 
TA = 25°e, Still Air, Vs = 30V 
85 
14 
8.5 
15 
mA 
Supply Current 
T A = -55°C 
22 
28 


Temperature 
Stabilizer 
9 
40 
9 
40 
V 


Supply Voltage 
(Note 3) 


Warm·UpTime to 0.05% 
Vs = 30V, TA = 25°c 
3 
3 
Seconds 


Initial 
Turn-on 
Current 
9 ~ Vs ~ 40, TA = 25°C, (Note 3) 
140 
200 
140 
200 
mA 


Note 
1: The 
substrate is electrically 
connected to the negative terminal 
of the temperature 
stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V 
more positive or 0.1 V more negative than the substrate. 


Note 2: 
These specificatIons apply for 30V applied to the temperature stabilizer and 
55 'c 5. T A 5. +125°C 
for the LM199; -25 


QC 
5. T A 5. +85°C 


for the LM299 and O°C~ TA ~ +70°c for the LM399. 
Note 3: 
This initial current can be reduced by adding an appropriate 
resistor and capacitor to the heater circuit. See the performance characteristic 


graphs to determine values. 
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LM1~~A1LM299A1LM399APrecision Reference 


General 
Description 


The LM199A/LM299A/LM399A 
are precision, tempera- 
ture-stabilized 
monolithic 
zeners offering 
temperature 


coefficients 
a factor 
of 
ten better 
than 
high quality 
reference 
zeners. Constructed 
on 
a single monol ithic 
chip 
is a temperature 
stabilizer 
circuit 
and an active 


reference zener. The active circuitry 
reduces the dynamic 
impedance of the zener to about 0.5Q and allows the 
zener to operate over 0.5 mA to 10 mA current 
range 


with 
essentially 
no change in voltage or temperature 
coefficient. 
Further, 
a new subsurface zener structure 
gives low noise and excellent 
long term stability 
com- 
pared to 
ordinary 
monolithic 
zeners. The 
package is 
supplied with 
a thermal shield to minimize heater power 


and improve temperature regulation. 


The LM 199A series references are exceptionally 
easy to 


use and free of the problems that are often experienced 
with 
ordinary 
zeners. There is virtually 
no hysteresis in 


reference 
voltage with 
temperature 
cycling. 
Also, 
the 


LM 199A 
is free of voltage shifts due to stress on the 


leads. Finally, 
since the unit 
is temperature 
stabilized, 


warm up time is fast. 


The LM199A 
can be used in almost any application 
in 


place of 
ordinary 
zeners with 
improved 
performance. 


Some ideal applications are analog to digital converters, 
calibration standards, precision voltage or current sources 
or precision power supplies. Further 
in many casesthe 
LM199A 
can replace references in existing equipment 


with a minimum 
of wiring changes. 


0- 
ttJd. 


CERTIFIED 
LONG 
ORDERING 
TERM STABILITY 
ppm MAX 
NUMBERS 


20 
LM199AH-20 


20 
LM299AH-20 


50 
LM399AH-50 


The LM199A 
series devices are packaged in a standard 


hermetic 
TO-46 
package inside a thermal 
shield. The 


LM199 
is rated for operation 
from 
-55°C 
to +125°C 


while 
the LM299A 
is rated for operation 
from 
-25°C 


to +85°C and the LM399A 
is rated from O°C to +70°C. 


All devices are tested for 1000 hours minimum 
at 25°C 


ambient 
temperature 
with 
temperature 
stabilizer 
oper- 


ating. All 
devices shipped with 
long term data which 
certifies a maximum 
drift 
for the 1000 hours of 20 ppm 


or 50 ppm. 


• 
Guaranteed 0.00005%/C 
temperature coefficient 


• 
Low dynamic impedance - 0.5Q 


• 
Initial tolerance on breakdown voltage - 
2% 


• 
Sharp breakdown at 400fJA 


• 
Wide operating current - 
500fJA to 10 mA 


• 
Wide supply range for temperature stabilizer 


• 
Guaranteed low noise 


• 
Low power for stabilization 
- 300 mW at 25°C 


• 
Long term stability 
- 
20 ppm 
• 
Certified long term stability 
available 


W 
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Order Number 
LM199AH, 


LM199AH·20. LM299AH. 
LM299AH·20. 
LM399AH 
or LM399AH·50 
See NS Package 
H04D 


2-60 


Temperature 
Stabilizer 
Voltage 
Reverse Breakdown 
Current 


Forward 
Current 


Reference to Substrate Voltage VIAS) (Note 
1) 


40V 


20mA 


1 mA 


+40V 
-{).1V 


Operating 
Temperature 
Range 


LM199A 


LM299A 


LM399A 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


-55°C 
to +125°C 


-25°C 
to +85°C 


O°C to +70°C 


-55°C 
to +150°C 


300°C 


Electrical 
Characteristics 
(Note 2) 
- 
LM199A, LM299A 
LM399A 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


ReverseBreakdown Voltage 
0.5 mA ~ I A 
~ 
10 mA 
6.8 
6.95 
7.1 
6.6 
6.95 
7.3 
V 


ReverseBreakdown Voltage 
0.5mA~IR~10mA 
6 
9 
6 
12 
mV 


ChangeWith Current 


Reverse Dynamic 
Impedance 
IR = 1 mA 
0.5 
1 
0.5 
1.5 
n 


Reverse Breakdown 
~5°C<TA 
<85°C} 
0.00002 
0.00005 
%1°C 


Temperature 
Coefficient 
85°C ~ TA ~ 125°C 
LM199A 
%t'C 
0.0005 
0.0010 


_25°C ~ TA ~ 85°C 
LM299A 
0.00002 
0.00005 
%t'C 


O°C ~TA 
~70°C 
LM399A 
0.00003 
0.0001 
%1°C 


RMS Noise 
10 Hz~f~ 
10kHz 
7 
20 
7 
50 
JJV 


Long Term Stability 
Stabilized, 22°C ~ TA ~ 289C, 
20 
20 
ppm 


1000 Hours,lR = 1 mA ±0.1% 


Temperature 
Stabilizer 
TA = 25°C, Still Air, Vs = 30V 
8.5 
14 
8.5 
15 


Supply Current 
TA =~5°C 
mA 
22 
28 


Temperature 
Stabilizer 
9 
40 
9 
40 
V 
Supply Voltage (Note 31 


Warm-UpTime to 0.05% 
Vs = 30V, TA = 25°C 
3 
3 
Seconds 


Initial 
Turn-on 
Current 
9 ~ Vs ~ 40, TA = 25°C, (Note 3) 
140 
200 
140 
200 
mA 


Note 
1: The 
substrate 
is electrically 
connected 
to the 
negative 
terminal 
of the 
temperature 
stabilizer. 
The 
voltage 
that 
can 
be applied 
to either 
terminal 
of the reference 
is 40V 
more 
positive 
or 0.1 V more 
negative 
than 
the substrate. 


Note 2: These specifications 
apply for 
30V applied to the temperature 
stabilizer and -5SoC:5. TA:5. +12SoC for the LM199A; 
-25°C.$ 
TA.$ 
+8S 


oC for the LM299A and O°C~ TA ~ +70°C for the LM399A. 


Note 3: 
This initial 
current 
can be reduced 
by adding 
an appropriate 
resistor 
and capacitor 
to the heater 
circuit. 
See the performance 
characteristic 
graphs 
to determine 
values. 


For 
typical 
applications, 
see 
LM199 
data 
sheet 
on 


preceding pages. 
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LM3999 Precision Reference 


General Description 


The 
LM3999 
is 
a 
precision, 
temperature-stabilized 
monolithic 
zener 
offering 
temperature 
coefficients 
a factor 
of ten better than high quality 
reference zeners. 
Constructed 
on a single monolithic 
chip is a temperature 
stabilizer 
circuit 
and 
an active 
reference 
zener. 
The 
active circuitry 
reduces the dynamic 
impedance of the 
zener to 
about 
0.5.Q and allows the zener to operate 
over 0.5 
mA to 
10 mA current 
range with 
essentially 
no change in voltage or temperature 
coefficient. 
Further, 
a new subsurface 
zener structure 
gives low noise and 
excellent 
long 
term 
stability 
compared 
to 
ordinary 
monolithic 
zeners. 


The 
LM3999 
reference 
is exceptionally 
easy to 
use 
and free 
of 
the 
problems 
that 
are often 
experienced 
with 
ordinary 
zeners. There is virtually 
no hysteresis in 
reference 
voltage 
with 
temperature 
cycling. 
Also, 
the 
LM3999 
is free of 
voltage shifts due to stress on the 
leads. Finally, 
since the unit 
is temperature 
stabilized, 
warm up time is fast. 


The LM3999 
can be used in almost any appl ication 
in 
place of 
ordinary 
zeners with 
improved 
performance. 


Voltage References 


Some ideal applications 
are analog to digital 
converters, 


precision voltage or current 
sources or precision power 
supplies. 
Further, 
in 
many 
cases, the 
LM3999 
can 
replace references in existing 
equipment 
with 
a mini- 


mum of wiring changes. 


The LM3999 
is packaged in a standard TO-92 package 
and is rated from 0° C to +70°C. 


• 
Guaranteed 0.0005%fC 
temperature 
coefficient 


• 
Low dynamic 
impedance - 0.5.Q 


• 
Initial tolerance on breakdown 
voltage - 
5% 


• 
Sharp breakdown at 400J.lA 


• 
Wide supply range for temperature 
stabilizer 


• 
Low power for stabil ization - 400 mW at 25°C 


• 
Long term stabil ity - 20 ppm 


Schematic Diagram 


Temperature 
Stabilizer 


TEMPERATURE 
STABILIZER 


6,95V 


Forward 
Current 
0.1 mA 
Operating Temperature 
Range 
O°C to +70°C 


Storage Temperature 
Range 
-55°C 
to +150°C 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics 
(Note 1) 


PARAMETER 
COI\IBITIONS 
MtN 
TYP 
MAX 
UNITS 


Reverse Breakdown 
Voltage 
0.6mA~IR~10mA 
6.6 
6.95 
7.3 
V 


Reverse Breakdown 
Voltage 
0.6 mA ~ I ~ 10 mA 


Change With Current 
6 
20 
mV 


Reverse Dynamic 
Impedance 
IR = 1 mA 
0.6 
2.2 
n 


Reverse Breakdown 
Temperature 


Coefficient 
O°C ~ TA ~ 70°C 
0.0002 
0.0005 
%fC 


RMS Noise 
10 Hz~f~ 
10 kHz 
7 
!J.V 


Long Term Stabil ity 
Stabilized, 
22°C ~ T A ~ 28°C, 


1000 Hours, IR = 1 mA ±0.1% 
20 
ppm 


Temperature 
Stabilizer 
TA = 25°C, Still Air, Vs = 30V 
12 
18 
mA 


Temperature 
Stabilizer 
Supply 


Voltage 
36 
V 


Warm-Up Time to 0.05% 
Vs = 30V, TA = 25°C 
5 
Seconds 


Initial 
Turn-on 
Current 
9~VS~40,TA=25°C 
140 
200 
mA 


Note 1; 
These specifications apply for 30V applied to the temperature stabilizer and aOc ~ T A ::; + 7oGe. 
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Heater Current 
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Surge,see Next Graph) 
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*Heater 
must 
be 
bypassed 
with 
a 2,.,.F 
tantalum 
capacitor 
if resistors are used. 
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Precision 
Clamp· 


CLAMP 
INPUT 


*Warm-up 
time 
10 seconds; 
intermittent 
operation 
does 
not degcade 
long term 
stability. 
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BOTTOM VIEW 


Order Number LM3999Z 
See NS Package Z03A 
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. . . . . . . . . . . . . . .. 
3-53 


LF412A/LF412 Low Offset, 
Low Drift Dual JFET Input Operational 
Amplifier. 
. . . . . . . . . . .. 
3·60 


LF441A/LF441 
Low Power JFET Input Oper'.ltional 
Amplifier 
" 
3-66 
LF442A/LF442 
Dual Low Power JFET Input Operational 
Amplifier. 
. . . . . . . . . . . . . . . . . . .. 
3-73 


LF444A/LF444 
Quad Low Power JFET Input Operational 
Amplifier. 
. . . . . . . .. . . . . . . . . .. 
3-81 


LF13741 Monolithic 
JFET Input Operational 
Amplifier. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-88 


LM10/LM10B(L)/LM10C(L) 
Op Amp and Voltage Reference. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
3-99 


LM11/LM11C/LM11CL Operational 
Amplifiers 
3-115 


LM107/LM207/LM307 
Operational 
Amplifiers 
3·140 


LM124/LM224/LM324, 
LM124A/LM224A/LM324A, 
LM2902 
Low Power Quad Operational 
Amplifiers 
3·172 


LM148, LM149 Series Quad 741 Op Amps 
3-206 
LM158/LM258/LM358, 
LM158A/LM258A/LM358A, 
LM2904 
Low Power Dual Operational 
Amplifiers 
3-216 
LM159/LM359 
Dual, High Speed, Programmable, 
Current Mode (Norton) Amplifiers 
3-226 
LM741/LM741A/LM741C/LM741E 
Operational 
Amplifier 
3-257 
LM747/LM747A/LM747C/LM747E 
Dual Operational 
Amplifiers 
3-260 
General 
Purpose, Compensated 
(Continued) 
LM1558/LM1458 
Dual Operational 
Amplifier 
3·268 


LM2900/LM3900, 
LM3301, LM3401 Quad Amplifier 
3-270 
LM13080 Programmable 
Power Op Amp 
3-284 


General 
Purpose, Uncompensated 
LF157/LF257/LF357 
Monolithic 
JFET Input Operational 
Amplifiers. 
. . . . . . . . . . . . . . . . . .. 
3-22 
LF157A/LF357A 
Monolithic 
JFET Input Operational 
Amplifiers 
3-22 
LM101A/LM201A/LM301A 
Operational 
Amplifiers 
3-128 


LM709/LM709A/LM709C 
Operational 
Amplifier 
.................•................... 
3-249 
LM748/LM748C 
Operational 
Amplifier 
3-265 
Op Amp-Comparator 
LM192/LM292/LM392, 
LM2924 Low Power Operational 
AmplifierlVoltage 
Comparator 
.... 
3-242 


Note. 
For additional 
information 
on operational 
amplifiers, 
see National 
Semiconductor's 
Hybrid 
Products 
Databook. 


COMPARISON 
OF ELECTRICAL 
CHARACTERISTICS 


DC Electrical 
Characteristics 
AC Electrical 
Characteristics 


Vos-Max 
Offset 
cNos/dT-TC 
of 
Ie-Max 
Bias 
AVOL Large 
en-Equiv. 


Signal 
Voltage 
SR-Slew 
Input 
Noise 
Part Number 
Voltage 
(mY) 
Vos{JtV/oC) 
Current 
(pA) 
Gain (V/mY) 
Rate (V/I's) 
Voltage 
(nV/,jRi) 


(TA=25°C) 
Typ 
(TJ = 25°C) 
Min (TA = 25°C) 
(Note 
2) 


MILITARY 
BI-FET OP AMP (Note 1) 


LF155 
5 
5 
100 
50 
5 
20 


LF155A 
2 
5 
(max) 
50 
50 
5 
20 


LF156 
5 
5 
100 
50 
12 
12 


LF156A 
2 
5 
(max) 
50 
50 
12 
12 


LF157 
5 
5 
100 
50 
50 
12 


LF157A 
2 
5 
(max) 
50 
50 
50 
12 


LF411A 
0.5 
10 (max) 
200 
50 
10 (min) 
25 


LF411 
2 
10 
200 
50 
8 
(min) 
25 


LF441A 
(low 
power) 
0.5 
10 (max) 
50 
50 
1 
40 


LF412A 
Dual 
1 
10 (max) 
200 
50 
10 (min) 
25 


LF412 
3 
10 
200 
50 
8 
(min) 
25 


LF442A 
Dual (low power) 
1 
10 
50 
50 
1 
40 


LF444 Quad (low power) 
5 
10 
50 
50 
1 
40 


INDUSTRIAL 
BI-FET OP AMP (Note 1) 


LF255 
5 
5 
100 
50 
5 
20 


LF256 
5 
5 
100 
50 
12 
12 


LF257 
5 
5 
100 
50 
50 
12 


COMMERCIAL 
BI-FET AND 
BI·FET II OP AMP (Note 
3) 


LF351 
10 
10 
200 
25 
13 
16 


LF355 
10 
5 
200 
25 
5 
25 


LF355A 
2 
5 
(max) 
50 
25 
5 
25 


LF356 
10 
5 
200 
25 
12 
15 


LF356A 
2 
5 
(max) 
50 
25 
12 
15 


LF357 
10 
5 
200 
25 
50 
15 


LF357A 
2 
5 
(max) 
50 
25 
50 
15 


LF13741 
15 
10 
200 
25 
0.5 
37 


LF411A 
0.5 
10 (max) 
200 
50 
10 
25 


LF411 
2.0 
20 
200 
50 
8 
25 


LF441A 
(low 
power) 
0.5 
10 (max) 
50 
50 
1 
40 


LF441 (low power) 
5 
10 
100 
50 
1 
40 


BI·FET II DUAL OP AMPS 
(CHARACTERISTICS 
FOR EACH AMPLIFIER) 
(Note 
3) 


LF353 
" 


10 
10 
200 
25 
13 
16 


LF412A 
1 
10 (max) 
200 
50 
10 (min) 
25 
LF412 
3 
20 
200 
50 
8 
(min) 
25 
LF442A 
(low power) 
1 
10 (max) 
50 
50 
1 
40 


LF442 (low power) 
3 
20 
100 
50 
1 
40 


BI·FET II QUAD OP AMPS 
(CHARACTERISTICS 
FOR EACH AMPLIFIER) 
(Note 3) 


LF347 
10 
10 
200 
25 
13 
16 


LF347B 
5 
10 
200 
25 
13 
16 
LF444A 
(low power) 
5 
10 
50 
50 
1 
40 


LF444 (low power) 
10 
10 
100 
25 
1 
40 


BI·FET™ and BI·FET II™ are trademarked terms by National Semiconductor 
who invented the technology 
in 1974. 


Note 1: DC electrical characteristics 
are - 55°C to + 12SoC for Military and - 2S·C to + 85°C for Industrial unless otherwise noted; AC electrical 
character- 


istics are TA = 2S'"C, typical specifications 
unless noted. 


Noto 2: f = 1000 Hz. 


Not83: 
DC electrical 
characteristics 
are O°C to + 70·e unless otherwise noted; AC electrical 
characteristics 
afe TA = 25°C, typical specifications 
unless 


noted. 


Voltage 


(TA=250C) 


LF155A/LF355A 


LF156A/ LF356A 
LF357A 


LF412 


LF442 


LF347B 


LF155/LF156/LF157 


LF255/LF256/LF257 


LF444A 


LF411A 


LF441A 


LF442A 


LF412A 


Max Input 
Bias 


Current 


(TJ = 25°C) 


100 pA 


LF155/LF156/LF157 


LF255/LF256/LF257 


LF441 


LF444 


LF442 


50pA 


LF155A/LF156A/LF157A 


LF355A/LF356A/LF357A 


LF441A 


LF442A 


LF444A 


Typ Equivalent 


Input 
Noise 
Voltage 


per ../Hi, f = 1000 Hz 


Rs=100n 


12 nV or Less 


LF156/LF156A 


LF157/LF157A 


LF256/LF257 


15 nV to 20 nV 


LF356 
LF351 


LF356A 
LF347 


~F357 
LF347B 
LF357A 
LF353 


LF155 


LF155A 


LF255 


LF355 


LF355A 


LF355/LF356/LF357 


LF351 
LF353 


LF347 


LF444 


200 pA 


LF355/LF356/LF457 


LF351 


LF34 7/ LF34 7 B 


LF353 


LF13741 


LF411A 


LF411 


LF412A 


LF412 


25 nV to 40 nV 


LF411A 


LF411 


LF412A 


LF412 


LF441A 


LF441 


LF13741 


LF442A 


LF442 
LF444A 


LF444 


5V/p.s 


LF155/LF155A 


LF255 


LF355/LF355A 


12V/p.s 
13V/p.s 
15V/p.s 
/iOV/p.s 


LF156 
LF351 
LF411A 
LF157 


LF156A 
LF353 
LF411 
LF157A 


LF256 
LF347 
LF412A 
LF357 


LF356 
LF347B 
LF412 
LF357A 


LF356A 


W/p.s 


LF441A 


LF441 


LF442A 


LF442 


LF444A 


LF444 


ADDITIONAL 
NS PRODUCTS 
USING BI·FET TECHNOLOGY 


0.5V/p.s 


LF13741 


• 
LF111 Comparator 


• 
LF198 Sample 
and Hold 


• 
LF11201 Series 
of Analog 
Switches 


• 
LF11331 Series 
of Analog 
Switches 


• 
LF11508 Series 
of Analog 
Multiplexers 


• 
LF13300 
Integrating 
AID Building 
Block 


MI L1TARY 
TEMPERATURE 
RANGE: 
-55°C 
< T A < +125°C 


Input 
Input 
Input 
Input 
Voltage 
Bandwidth 
Slew Rate 
Output 
Common 
Differential 
Supply 
Offset 
Off,et 
Off,et 
Bias 
Gain 
Av 
= 1 
Av= 
1 
Current 
Supply 
Voltage 
Mode 
Input 
Current 
Compensation 
Device 
Voltage 
Voltage Drift 
Current 
Current 
Min 
Min 
Max 
TA = 25°C 
Components 
Package Type, 


Max 
Max 
Max 
Max 
Min 
Typ 
Typ 


@ RL = 2k 
(V) 
(VI 
Range 
Voltage 
Max 
Per Amplifier 
(mV) 
(/lvI'C) 
(nA) 
(nA) 
(Volt,NI 
(MHz) 
(VI/l,I 
(mA) 
(V) 
(V) 
(mAl 
._.... 


SINGLE 
OP AMPS 


LM101A 
3 
15 
20 
100 
25k 
1 
0.5 
5 
±3 
±22 
±12 
±30 
3 
1 
TO·5 DIP 


LM102 
7.5 
6typ 
. 
100 
0.999 
10 
10 
1 
±12 
±18 
±10 
. 
5.5 
0 
TO·5 


(RL=8k!1l 


LM107 
3 
15 
20 
100 
25k 
1 
0.5 
7.5 
±3 
±22 
±12 
±30 
3 
0 
TO·5 DIP 


LM108A 
1 
5 
0.4 
3 
40k 
1 
0.3 
1 
±2 
±20 
±14 
(Note 
1) 
0.6 
1 
TO·5 DIP 


LM108 
3 
15 
0.4 
3 
25k 
1 
0.3 
1 
±2 
±20 
±14 
(Note 
1) 
0.6 
1 
TO·5 DIP 


LMll0 
6 
12 
. 
10 
0.999 
20 
30 
1 
±5 
±18 
±10 
. 
5.5 
0 
TO·5 DIP 
(RL 
= 8 kl11 


LM112 
3 
15 
0.4 
3 
25k 
1 
0.2 
1.3 
±2 
±20 
±14 
(Note 
1) 
0.6 
0 
TO·5 DIP 
(RL 
= 10 kl1) 


LMl18 
4 
· 
50 
250 
20k 
15 
50 min 
6 
±5 
±18 
±11.5 
(Note 
1) 
8 
0 
TO·5 DIP 


LM121A 
(RSET=70k) 
0.65 
0.2 
1 
30 
16k 
0.5 
. 
. 
±5 
±20 
±15 
±15 
1.5 
1 
TO·5 DIP 


LM121 
IRsET=70k) 
1 
1 
3 
30 
16k 
0.5 
. 
. 
±5 
±20 
±15 
±15 
1.5 
1 
TO·5 DIP 


LM143 
6 
· 
7 
35 
50k 
1 
2.5 
4.4 
±4 
±40 
±38 
±40 
4 
0 
TO·5 


(RL ~5kl 


LM144 
6 
· 
7 
35 
50k 
2 
30 
4.4 
±4 
±40 
±38 
±40 
4 
1 
TO·5 


(Av > 10) 
(RL 
~5k) 


LF155A 
2.5 
5 
25 
0.05 
25k 
2.5 
5 
5 
±5 
±22 
±20 
±40 
4 
0 
TO·5 


LF155 
7 
20 
50 
0.1 
25k 
2.5 
5 
5 
±5 
±22 
±20 
±40 
4 
0 
TO·5 


LF156A 
2.5 
5 
25 
0.05 
25k 
5 
15 
5 
±5 
±22 
±20 
±40 
7 
0 
TO·5 


LF156 
7 
20 
50 
0.1 
25k 
5 
15 
5 
±5 
±22 
±20 
±40 
7 
0 
TO·5 


LF157A 
(Av~) 
2.5 
10 
25 
0.05 
25k 
25 
75 
5 
±5 
±22 
±20 
±40 
7 
0 
TO·5 


LF157 
(Av~51 
7 
20 
50 
0.1 
25k 
25 
75 
5 
±5 
±22 
±20 
±40 
7 
0 
TO·5 


LF411A 
1.5 
10 
25 
25 
4 
15 
5 
±6 
±22 
±16 
±38 
2.8 
0 
TO·5 


LF411 
4 
20 
25 
15 
4 
15 
5 
±6 
±18 
±11 
±30 
3.4 
0 
TO·5 


LF441A 
1.5 
10 
10 
25 
1 
1 
±6 
±22 
±16 
±38 
0.200 
0 
TO·5 


LM709A 
3 
15 
250 
600 
25k 
1 
0.3 
5 
±5 
±22 
±20 
±40 
3.6 
3 
TO·5 


LM709 
6 
6typ 
500 
1500 
25k 
1 
0.3 
5 
±9 
±18 
±8 
±5 
5.5 
3 
TO·5 DIP 


LM725A 
0.7 
2 
18 
180 
1000 
0.5 
0.005 
5 
±3 
±22 
±13.5 
±5 
3.5 
4 
TO·5 DIP 


LM725 
1.5 
5 
40 
200 
1000 
0.5 
0.005 
5 
±3 
±22 
±13.5 
±5 
3.5 
4 
TO·5 


LM741A 
4 
15 
70 
210 
32k 
1 
0.5 
7.5 
±3 
±22 
±12 
±30 
4.0 
0 
TO·5 DIP 


LM741 
6 
15 typ 
500 
1500 
25k 
1 
0.5 
5 
±3 
±22 
±12 
±30 
2.8 
0 
TO·5 DIP 


LM748 
6 
. 
500 
1500 
25k 
1 
0.5 
5 
±3 
±22 
±12 
±30 
2.8 
1 
TO·5 


i::M4250 
(Vs 
= ±15V) 
4 
. 
3 
7.5 
50k 
0.1 
0.03 
0.12 
±1 
±18 
±12 
±15 
O.Oll,et 
0 
TO·5 DIP 
IRL 
~ 
lOOk) 


Note 1: 
Inputs have shunt-diode 
protection; 
current must be limited. 
-Not specified 


Military Op Amp Selection Guide 


MILITARY 
TEMPERATURE 
RANGE: 
-55°C:::: 
TA:::: 
+125°C 


Input 
Input 
Input 
Input 
Output 
Supply 


Offset 
Offset 
Offset 
Bias 
Voltage 
Bandwidth 
Slew 
Rate 
Current 
Supply 
Voltage 
Common 
Differential 
Current 
Compensation 
Device 
Voltage 
Voltage 
Drift 
Current 
Current 
Gain 
Av 
= 1 
Av= 
1 
Min 
Min 
Max 
Mode 
Input 
TA = 25°C 
Components 
Package Types 


Max 
Max 
Max 
Max 
Min 
Typ 
Typ 
@ RL = 2k 
(V) 
IV) 
Range 
Voltage 
Max 
Per Amplifier 
(mV) 
IllvtCI 
(nA) 
(nA) 
(VoltsN) 
(MHz) 
IV!lls) 
(mA) 


(V) 
(V) 
(mA) 
(Note 
2) 


DUAL 
OPAMPS 


LF412A 
2 
10 
25 
25 
4 
15 
±6 
±22 
±1fi 
±38 
5.6 
0 
TO·5 


LF412 
5 
20 
25 
15 
4 
15 
±6 
±22 
±11 
±30 
6.8 
0 
TO·5 


LF442A 
2 
10 
10 
25 
1 
1 
±6 
±22 
±16 
±38 
0.200 
0 
TO·5 


LMl58 
5 
· 
30 
150 
25k 
1 
. 
0.8 
±1.5 
±16 
V+-1.5 
V+ 
1.2 
0 
TO·5 DIP 


LM1558 
6 
· 
500 
1500 
25k 
1 
0.5 
5 
±3 
±22 
±12 
±30 
5.0 
0 
TO·5 


LM747A 
4 
15 
70 
210 
32k 
1 
0.5 
7.5 
±3 
±22 
±12 
±30 
5.6 
0 
DIP 


LM747 
6 
· 
500 
1500 
25k 
1 
0.5 
5 
±3 
±22 
±12 
±30 
5.6 
0 
DIP 


QUADOPAMPS 


LF444A 
8 
10 
10 
25 
1 
1 
±6 
±22 
±16 
±38 
0.8 
0 
DIP 


LM124 
7 
7 typ 
±30 
150 
50 
1.0 
. 
10 
-16 
+16 
o to 
VC,C 
3 
0 
DIP 


V+-l.5V 


LM146 
(ISET = 101lA) 
5 
5 typ 
20 
100 
lOOk 
1.2 
0.4 
1.2 
±2 
±22 
±0.7 
±30 
2 
0 
DIP 


LM148 
6 
15typ 
75 
325 
25k 
1 
0.6 
5 
±3 
±22 
±12 
±30 
3.6 
0 
DIP 


LM149 
(Av 
~ 5) 
6 
15typ 
75 
325 
25k 
4 
3 
5 
±3 
±22 
±12 
±30 
3.6 
0 
DIP 


Note 2: 
Supply current for all channels of amplifier 
in the package. 


INDUSTRIAL 
TEMPERATURE 
RANGE: 
-25°C 
~ T A 
~ 
+85°C 


Input 
Input 
Input 
Input 
Output 
Differential 
Supply 


Offset 
Offset 
Offset 
Bias 
Voltage 
Bandwidth 
Slew Rate 
Current 
Supply Voltage 
c~m~on 
Current 
Compensation 
Device 
Voltage 
Voltage 
Drift 
Current 
Current 
Gain 
Av 
= 1 
AV = 1 
Min 
Min 
Max 
0 
e 
Input 
TA = 25°C 
Components 
Package Types 
Max 
Max 
Max 
Max 
Min 
Typ 
Tvp 
@ RL = 2 kn 
(VI 
(V) 
Ri~r 


Voltage 
Max 
Per Amplifier 
ImVI 
(~VrCI 
InAI 
(nA) 
IVolt,/V1 
(MHzl 
IV/~,I 
(mAl 
(VI 
(mA) 


(Note 2) 


SINGLE OP AMPS 


LM201A 
3 
15 
20 
100 
25k 
1 
0.5 
5 
±3 
±22 
±12 
±30 
3 
1 
TO-5 DIP 


LM202 
10 
15 tvp 
15 
0.999 
10 
10 
1 
±12 
±18 
±10 
5.5 
0 
TO-5 


LM207 
2 
20 
20 
100 
25k 
1 
0.5 
5 
±3 
±22 
±12 
±30 
3 
0 
TO·5 DIP 


LM208A 
1.0 
5 
0.4 
3 
40k 
1 
0.3 
1 
±2 
±20 
±14 
(Note 1) 
0.6 
1 
TO-5 DIP 


LM208 
3 
15 
0.4 
3 
25k 
1 
0.3 
1 
±2 
±20 
±14 
(Note 1) 
0.6 
1 
TO-5 DIP 


LM210 
4 
. 
3 
0.999 
20 
30 
1 
±5 
±18 
±10 
5.5 
0 
TO-5 DIP 


LM212 
2 
15 
0.2 
2 
25k 
1 
0.3 
1 
±2 
±20 
± 14 
(Note 11 
0.6 
0 
TO-5 


LM216A 
3 
0.015 
0.05 
20k 
1 
0.3 
1 
±5 
±20 
±13 
(Note 11 
0.6 
0 
TO-5 


LM216 
10 
0.05 
0.15 
10k 
1 
0.3 
1 
±5 
±20 
±13 
(Note 1) 
0.8 
0 
TO-5 


LM218 
4 
50 
500 
25k 
15 
50 min 
5 
±5 
±18 
±11.5 
(Note 1) 
8 
0 
TO-5 DIP 


LM221A 
0.65 
0.2 
1 
30 
16k 
0.5 
. 
±5 
±20 
±15 
±15 
1.5 
1 
TO-5 DIP 


1RSET = 70kl 


LM221 
1 
1 
3 
30 
16k 
0.5 
. 
. 
±5 
±20 
±15 
±15 
1.5 
1 
TO-5 DIP 


(RSET = 70k) 


Lf255 
6.5 
5 typ 
20 
50 
25k 
2.5 
5 
5 
±5 
±22 
±20 
±40 
4 
0 
TO-5 


Lf256 
6.5 
5 typ 
20 
50 
25k 
5 
15 
5 
±5 
±22 
±20 
±40 
7 
0 
TO-5 


Lf257 
IAv 
~ 51 
6.5 
5typ 
20 
50 
25k 
25 
75 
5 
±5 
±22 
±20 
±40 
7 
0 
TO-5 


DUAL 
OP AMPS 


LM258 
7.5 
7 typ 
150 
500 
15k 
1 
0.5 
10-source 
3 
32 
V+ 
32 
1.2 
0 
TO-5 DIP 


5-sink 
(±1.5) 
1±161 
-1.5 


~UAD 
OPAMPS 


LM224 
9 
7 tvp 
150 
500 
15k 
1 
10 
3 
32 
V+-1.5 
32 
2 
0 
DIP 


LM246 
6 
7 typ 
100 
250 
50k 
0.5 
0.4 
1.2 
±2 
±18 
±1.5 
±30 
2.5 
0 
DIP 


LM248 
7.5 
15 tvp 
125 
500 
15k 
1 
0.5 
5 
±5 
±18 
±18 
±36 
4.5 
0 
DIP 


LM249 
7.5 
15 tvP 
125 
500 
15k 
4 
2 
5 
±5 
±18 
±18 
±36 
4.5 
0 
DIP 


LM2900 
200 
1.2k 
2.5 
3-sDurce 
+4 
+36 
10 
0 
DIP 


D.S-sink 


LM2902 
10 
±50 
500 
lOOk 
1 
20-source 
3.0 
26 
-Q.3VDC 
26 VDC 
2 
0 
DIP 


(T A =25°) 
(T A =25°C) 
(TA=25"C) 
tvP 
a-sink 
single 
single 
to 


±1.5 
±13 
+26 VDC 


dual 
dual 


Not. 
1: 
Inputs have shunt-diode 
protection; 
current 
must be limited. 


Note 2: 
Supply current for all channels of amplifier 
in the package. 


"'Not specified 


ap!n~ UOnOalas dwV 
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Commercial l 
Selection Gu 


COMMERCIAL 
TEMPERATURE 
RANGE: 
O°C ~ TA S +70°C 


Supply 
Common 
Supply 
Input 
Input 
Input 
Input 
Voltage 
Bandwidth 
Slew Rate 
Output 
Mode 
Differential 
Current 
Offset 
Offset 
Offset 
Bias 
Gain 
AV = 1 
AV= 
1 
Voltage 
Voltage 
Rejection 
Input 
TA = 25°C 
Compensation 


Device 
Voltage Voltage Drift 
Current 
Current 
Swing 
Min 
Max 
Pack, 


Min 
Typ 
Typ 
Ratio 
Voltage 
Max 
Components 


Max 
Max 
Max 
Max 
(VoltslV) 
(MHz) 
(V/ps) 
RL=10kn 
(dB) 
(V) 
(mA) 
(mV) 
(pVfC) 
(nA) 
(nA) 
(V) 
(V) 
(V) 
Min 
(Note 2) 


SINGLE OP AMPS 
LM301A 
10 
30 
70 
300 
15k 
1 
0.5 
5 
±3 
±18 
±12 
±30 
3 
1 
TC 


LM302 
20 
20 typ 
. 
30 
0.9985 
10 
10 
1 
±12 
±18 
±10 
. 
5.5 
0 
TC 


LM307 
10 
30 
50 
250 
15k 
1 
05 
5 
±3 
±18 
±12 
±30 
3 
0 
TC 


LM308A 
0.73 
5 
1.5 
10 
60k 
1 
0.3 
1 
±2 
±20 
±14 
(Note 11 
0.8 
1 
TC 


LM308 
10 
30 
1.5 
10 
15k 
1 
0.3 
1 
±2 
±18 
±14 
(Note 11 
0.8 
1 
TC 


LM310 
10 
10 typ 
. 
10 
0.999 
20 
30 
1 
±5 
±18 
±10 
. 
5.5 
0 
TO 


LM312 
10 
30 
1.5 
10 
15k 
1 
0.3 
1 
±2 
±18 
±14 
(Note 11 
0.8 
0 
TO 


LM316A 
6 
· 
0.Q3 
0.1 
30k 
1 
0.3 
1 
±5 
±20 
±13 
(Note 11 
0.6 
0 
TO 


LM316 
15 
· 
0.1 
0.25 
15k 
1 
0.3 
1 
±5 
±20 
±13 
(Note 11 
0.8 
0 
TO 


LM318 
15 
· 
300 
750 
20k 
15 
50 
5 
i5 
118 
111.5 
(Note 11 
10 
0 
TO 


LM321A 
0.65 
0.2 
1 
25 
12k 
0.5 
. 
±5 
±20 
±15 
±15 
2.2 
1 
TO 


(RSET = 70k) 


LM321 
2.5 
1 
4 
28 
12k 
0.5 
. 
. 
±5 
±20 
±15 
±15 
2.2 
1 
TO 


(RSET = 70k) 


LM343 
10 
· 
14 
55 
50k 
1 
2.5 
4 
±4 
±34 
±34 
±34 
5.0 
0 
TO 


(RL> 
5kl 


LM344 
10 
· 
14 
55 
50k 
2 
30 
4 
±4 
±34 
±34 
±34 
5.0 
1 
TO· 


(RL ~ 5kl 


LF351 
10 
10 typ 
0.1 
0.2 
25k 
4 
13 
±12 
-18 
18 
70 
±30 
3.4 
0 
TO· 


LF355A 
2.3 
5 
1 
5 
25k 
2.5 
5 
5 
±5 
±22 
±20 
±40 
4 
0 
TO· 


LF355 
13 
5 typ 
2 
8 
15k 
2.5 
5 
5 
±5 
±18 
±16 
±30 
4 
0 
TO· 


LF356A 
2.3 
5 
1 
5 
25k 
5 
15 
5 
±5 
±22 
±20 
±40 
10 
0 
TO· 


LF356 
13 
5 typ 
2 
8 
15k 
5 
15 
5 
±5 
±18 
±16 
±30 
10 
0 
TO· 


LF357A 
2.3 
5 
1 
5 
25k 
25 
75 
5 
±5 
±22 
±20 
±40 
10 
0 
TO· 


(AV~5) 


LF357 
13 
5 typ 
2 
8 
15k 
25 
75 
5 
±5 
±18 
±16 
±30 
10 
0 
TO-! 


(AV~5) 


LF411A 
0.5 
10 
0.100 
50 
4 
15 
±6 
±22 
±16 
±38 
1,8 
0 
TO-! 


LF411 
2.0 
20 
0.100 
25 
4 
15 
±6 
±18 
±11 
±30 
3.4 
0 
TO-! 


LF441A 
0.5 
10 
0.025 
50 
1 
1 
±6 
±22 
±16 
±38 
0.200 
0 
TO-! 


LF441 
5 
10 typ 
0.050 
25 
1 
1 
±6 
±18 
±11 
±30 
0.250 
0 
TO-! 


LF13741 
20 
10 typ 
2 
8 
15k 
1 
0.5 
5 
±4 
±18 
±16 
±30 
4 
0 
TO-! 


Note 1: Inputs have shunt-diode protection; current must must be limited. 
*Not 
specified 


COMMERCIAL 
TEMPERATURE 
RANGE 
O°C ~ T A ~ +70°C 


Input 
Input 
Input 
Input 
Output 
Supply 
Common 
Supply 


Offset 
Offset 
Offset 
Bias 
Voltage 
Bandwidth 
Slew flate 
Voltage 
Voltage 
Mode 
Differentia' 
Current 


Device 
Voltage 
Voltage Drift 
Current 
Current 
Gain 
AV = 1 
AV= 
1 
Swing 
Min 
Max 
Rejection 
Input 
TA = 25°C 
Compensation 
Package Types 
Max 
Max 
Max 
Max 
Min 
Typ 
Typ 
Rl = 10kn 
Ratio 
Voltage 
Max 
Componenu 
(VoltsN) 
(MHz) 
(Vli1S) 
(dB) 
(V) 
(mA) 
(mV) 
(IiVrC) 
(nA) 
(nA) 
(V) 
(V) 
(V) 
Min 
(Note 2) 


SINGLE OP AMPS (Continued) 


lM709C 
10 
12 typ 
500 
1500 
15k 
1 
0.3 
5 
±9 
±18 
±8 
±5 
6.6 
3 
TO·5 DIP 


lM725C 
3.5 
2 typ 
50 
250 
125k 
0.5 
0.005 
5 
±3 
±22 
±13.5 
±5 
5 
4 
TO·5 DIP 


lM741C 
7.5 
15 typ 
300 
800 
15k 
1 
0.5 
5 
±3 
±18 
±12 
±30 
2.8 
0 
TO-5 DIP 


lM741E 
4 
15 
70 
210 
32k 
1 
0.5 
7.5 
i3 
±18 
±12 
±30 
3.75 
0 
TO·5 DIP 


lM748C 
6 
6 
0.5 
1.5 
25k 
1 
0.5 
5 
±3 
±18 
±12 
±30 
2.8 
1 
TO-5 DIP 


lM4250C 
6 
· 
8 
10 
50k 
0.1 
0.03 
0.12 
±1 
±18 
±12 
±15 
0.011 
0 
TO·5 DIP 


(AV>10) 
(Rl~100k) 
(Setl 


DUAL 
OP AMPS 


lF353 
to 
10typ 
0.1 
0.2 
25k 
4 
13 
±12 
-18 
18 
70 
±30 
6.5 
0 
TO·5,DH' 


lF412 
3 
20 
0.100 
25 
4 
15 
±6 
±18 
±11 
±30 
6.8 
0 
TO·5, OW 


lF412A 
1 
10 
0.100 
50 
4 
15 
±6 
±22 
±16 
±38 
5.6 
0 
TO·5, DIP 


lF442 
0.100 
25 
1 
1 
±8 
±18 
±11 
±30 
0.500 
TO·5, DIP 


LF442A 
1 
10 
0.050 
50 
1 
1 
±6 
±22 
±16 
±38 
0.400 
0 
TO·5, DIP 


lM358 
7.5 
7 typ 
150 
500 
15k 
1 
· 
8 
±1.5 
±15 
'1+-1.5 
'1+ 
1.2 
0 
TO·5 DIP 


lM1468 
6 
· 
300 
800 
15k 
1 
0.2 
5 
±3 
±18 
±15 
±30 
5.6 
0 
TO·5DIf' 


lM747C 
6 
· 
300 
800 
15k 
1 
0.5 
5 
±3 
±18 
±12 
±30 
5.6 
0 
TO-5 DIP 


lM747E 
4 
15 
70 
210 
32k 
1 
0.5 
7.5 
±3 
±18 
±12 
±30 
5.6 
0 
TO-5 DIP 


QUAD 01' AMPS 


lF347 
10 
10 typ 
0.01 
0.2 
25k 
4 
13 
±12 
-18 
18 
70 
±30 
11 
0 
N,J 


LF347A 
5 
10 typ 
0.1 
0.2 
50k 
4 
13 
±12 
-18 
18 
80 
±30 
11 
0 
N, J 


lF444 
10 
10 typ 
0.100 
25 
1 
1 
±6 
±18 
±11 
±30 
1 
0 
DIP 


lF444A 
5 
10 typ 
0.050 
50 
1 
1 
±6 
±22 
±16 
±38 
0.8 
0 
DIP 


lM324 
9 
7 typ 
150 
500 
15k 
1 
· 
1(}-source 
3 
32 
'1+-1.5 
32 
2 
0 
DIP 


5-sink 
(±1.5)(±16) 


lM346 
5 
10 typ 
100 
250 
lOOk 
0.8 
0.4 
±12 
-18 
18 
70 
±30 
0.62 
0 
N. J 


lM348 
7.5 
15 typ 
100 
400 
15k 
1 
· 
5 
±5 
±18 
±18 
±36 
4.5 
0 
DIP 


lM349 
7.5 
15 typ 
100 
400 
15k 
4 
3 
5 
±5 
±18 
±18 
±36 
4.5 
0 
DIP 


(AV~5) 


lM3900 
. 
· 
. 
200 
2.8k 
2.5 
20 
10 
4 
36 
. 
. 
10 
0 
DIP 


(±2) 
(±181 


Note 2: 
Supply current for all channels of amplifier 
in the package 
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HYBRID 
OPERATIONAL 
AMPLIFIERS 


6~rsu;, 
6~f:~t 6~fsU~t 
Input 


Voltage 
BilS 
Voltage 
Bandwidth 
Slew Alte 
Supply 
Voll_ge 
Temperatur. 
Ring. 
. 
Yoltage 
Drift 
Current 
Current 
Glin 
Av::l 
Ay::l 
Output 
M•• 
••~yrC} 


M •• 
M •• 
Min 
Typ 


I~Y:') 


Current 
Mln 
M •• 
-55°C 
to 
-25°C 
to 
O·C to 
Pig. 
F•• tur•• 
(mV) 
(nAl 
(nAI 
(VoUs/mV) 
(MHz) 
(mA) 
IV) 
IV) 
12S·C 
85°C 
70·C 
Number 


Wideband 
3 
4 
200 
2000 
15 
30 
30 
:100 
~5 
:20 
lHOOO3 
LHOOO3C 
1·4 


HII;;JhVoltage 
, 
4 
20 
'00 
30 
, 
0.25 
±15 
~5 
:45 
LHOOO4 
'-6 


'5 
4 
45 
'20 
, 
0.25 
±15 
~5 
±o45 
LHOOO4C 
1·6 


Wldeband 
3 
'0 
5 
25 
4 
30 (1) 
20 (1) 
~5O 
~9 
:20 
lHOOO5A 
'·9 
'0 
20 
20 
50 
2 
30 (1) 
20 (1) 
~5O 
~9 
~2O 
lHOOOS 
'·9 
'0 
25 
25 
'00 
2 
30 (1) 
20 (1) 
~5O 
~9 
~2O 
LHOOO5C 
1-12 


High 
Gain 
Medium 
Power 
25 
'0 
50 
250 
'00 
, 
0.25 
:40 
~5 
:22 
LHOO20 
'·14 
• 
'0 
200 
500 
50 
, 
0.25 
:!:40 
~5 
:22 
LHOO2OC 
1-14 


High Power 
3 
3 
'00 
300 
'00 
, 
3 
:1000 
~5 
=18 
LHOO21 
'·16 
• 
5 
200 
500 
'00 
, 
3 
=1000 
~5 
.'8 
lHOO21C 
'·16 
3 
3 
'00 
300 
'00 
, 
3 
:200 
~5 
±18 
LH0041 
'·16 
6 
5 
200 
500 
'00 
, 
3 
.200 
~5 
±18 
lHOO41C 
1·16 
4 
5 
100 
300 
50 
15 
70 
~500 
~5 
:18 
LH0061 
'·56 
'0 
5 
200 
500 
25 
15 
10 
~500 
-5 
-'8 
lH0061C 
'·56 


General 
Purpose 
FET InpUI 
4 
5 
0.002 
0.01 
'00 
, 
3 
:10 
~5 
:22 
LHOO22 
1-23 
• 
5 
0.005 
0.025 
75 
, 
3 
:10 
.5 
±22 
lH0022C 
1·23 
20 
5 
0.005 
0.025 
50 
, 
3 
:tl0 
.5 
:t22 
lH0042 
1-23 
20 
'0 
0.01 
005 
25 
, 
3 
:tl0 
.5 
:t22 
lHOO42C 
1·23 
05 
2 
0.0005 
0.0025 
'00 
, 
3 
:tl0 
~5 
:t22 
lHOO52 
1·23 
, 
5 
0.001 
0.005 
75 
, 
3 
:tl0 
~5 
:t22 
lHOO52C 
1·23 


Wldeband 
HIgh 
Slew 
Rate 
4 
20 
5.000 
30.000 
4 
50 
500 
:t10 
~9 
:t18 
LHOO24 
'·30 
8 
25 
15.000 
40.000 
3 
50 
400 
:tl0 
~9 
:t18 
LHOO24C 
'·30 


Wldeband 
FET Input 
5 
25 
0.025 
0.' 
, 
70 
500 
:t10 
~5 
:t18 
LHOO32 
1·33 


'5 
25 
O.OS 
0.2 
, 
70 
500 
:dO 
~5 
:t18 
lHOO32C 
1-33 


PreCISion 
FET Input 
0.05 
0.2 
5 
30 
500 
0.4 
0.06 
:tl.3 
~3 
:t20 
LHOO44 
1·39 


0' 
0.2 
5 
30 
500 
0.4 
0.06 
:tl03 
~3 
:t20 
lH0044C 
1·39 
0.025 
0.' 
2.5 
'5 
'.000 
0.4 
0.06 
:tl.3 
~3 
:t20 
LHOO44A 
1·39 
0.025 
0.' 
2.5 
'5 
'.000 
0.4 
0.06 
:tl.3 
~3 
:t20 
LH0Q44AC 
1·39 
0.05 
0.2 
5 
30 
500 
0.4 
0.06 
:tl.3 
~3 
:t20 
lHOO44B 
1·39 


Medium 
Speed. 
FET Input 
5 
5 
0.002 
0.01 
50 
15 
70 ~..5 
.20 
LH0062 
1·59 
'5 
'0 
0.005 
0.065 
25 
15 
70 
~8 
~5 
~2O 
LH0062C 
1·59 


Dual 
PreCision 
2 
15 
'0 
75 
50 
1 
0.5 
~5 
~3 
:t22 
LH2101A 
1·91 
2 
15 
10 
75 
50 
, 
0.5 
~5 
~3 
:t22 
LH2201A 
1·91 
7.5 
30 
50 
250 
25 
, 
0.5 
~5 
.3 
:t22 
LH2301A 
1·91 


0.5 
5 
0.2 
2 
80 
, 
0.3 
., 
~2 
:t20 
LH2108A 
1-93 
0.5 
5 
02 
2 
80 
1 
0.3 
~, 
~2 
~2O 
LH2208A 
1·93 
0.5 
5 
'.0 
7 
80 
, 
0.3 
~, 
~2 
~2O 
LH2308A 
1-93 
2 
15 
0.2 
2 
50 
, 
0.3 
~, 
~2 
:t20 
LH2108 
1·93 
2 
15 
0.2 
2 
50 
, 
0.3 
~, 
.2 
~2O 
LH2208 
1-93 
75 
30 
'.0 
7 
50 
, 
0.3 
~, 
~2 
~2O 
LH2308 
1·93 


Dual 
Low 
Power 
3 
5 
'5 
'00 
0.25 
0'. 
:to.75 
., 
:t18 
LH24250 
1·95 
• 
- 
10 
30 
75 
0.25 
0.16 
:to.75 
~1 
:t18 
LH24250C 
1·95 


Note: 
For informalion 
on monolithic 
operational 
amplifiers. 
consult 
the Linear Databook . 


Nole 
1: Specified 
lor 
A" = -10. 


• Refers to Hybrid Products Databook, 1982 edition 


HYBRID 
BUFFER 
AMPLIFIERS 


Voltage 
Part Number 
. 


Gain 
Outpul 
Slew 
Input 
-5S·C 
to 
-2S·C 
10 
Page 
Features 
(min) 
Current 
Aale 
lmpedlnce 
12S·C 
8S·C 
Number 


Bipolar 
Input. 
medium 
speed 
095 
: l00mA 
200VI,.s 
180KQ 
lHOOO2H 
LHOOO2CH 
2·4 
lHOOO2CN 
2·4 
FET Inpul. 
high speed 
097 
:!:100mA 
l000VI.,s 
10'°0 
lHOO33G 
LHOO33CG 
2. 


07 


LHOO33CJ 
n 
FET Inpu!. "ely 
high speed 
095 
:!:250 mA 
200QVI,.S 
101°0 
LH0063K 
LH0063CK 
n 


• Refers to Hybrid Products Databook, 1982 edition 


- 
(G 
Co 
;:! 
Q)Q.o 
"C 
·C 
.c 
~:I: 


~National 
~ 
Semiconductor 


Bandwidth: 
That 
frequency 
at 
which 
the 
voltage 
gain 


is 
reduced 
to 1/,j'i times 
the 
low 
frequency 
value. 


Common·Mode 
Rejection 
Ratio: 
The 
ratio 
of the 
input 


common-mode 
voltage 
range 
to the 
peak-to-peak 
change 


in input 
offset 
voltage 
over this 
range. 


Harmonic 
Distortion: 
That 
percentage 
of 
harmonic 


distortion 
being 
defined 
as one-hundred 
times 
the 
ratio 


of 
the 
root-mean-square 
(rms) 
sum 
of the 
harmonics 
to 


the fundamental. 
% harmonic 
distortion 
= 


(V22 
+ V32 + V42 + ... 
)1/2 
(100%) 


V1 


where 
V1 is the 
rms amplitude 
of the 
fundamental 
and 


V2, 
V3, 
V4, ... 
are the 
rms amplitudes 
of the 
individual 


harmonics. 


Input 
Bias 
Current: 
The 
average 
of 
the 
two 
input 


currents. 


Input 
Common-Mode 
Voltage 
Range: 
The 
range 
of 


voltages 
on 
the 
input 
terminals 
for 
which 
the 
amplifier 


is 
operational. 
Note 
that 
the 
specifications 
are 
not 


guaranteed 
over 
the 
full 
common-mode 
voltage 
range 
unless 
specifically 
stated. 


Input 
Impedance: 
The 
ratio 
of 
input 
voltage 
to 
input 


current 
under 
the 
stated 
conditions 
for source 
resistance 
(RS) and 
load resistance 
(RLl. 


Input 
Offset 
Current: 
The 
difference 
in 
the 
currents 
into 
the 
two 
input 
terminals 
when 
the output 
is at zero. 


Input 
Offset 
Voltage: 
That 
voltage 
which 
must 
be 


applied 
between 
the 
input 
terminals 
through 
two 
equal 


resistances 
to obtain 
zero output 
voltage. 


Input 
Resistance: 
The 
ratio 
of 
the 
change 
in 
input 


voltage 
to 
the 
change 
in input 
current 
on 
either 
input 


with 
the 
other 
grounded. 


Input 
Voltage 
Range: 
The 
range 
of 
voltages 
on 
the 
input 
terminals 
for 
which 
the 
amplifier 
operates 
within 


specifications. 


Operational Amplifiers/Buffers 


Large-Signal 
Voltage 
Gain: 
The 
ratio 
of 
the 
output 


voltage 
swing 
to 
the 
change 
in input 
voltage 
required 
to drive the output 
from 
zero to this voltage. 


Output 
Impedance: 
The 
ratio 
of 
output 
voltage 
to 


output 
current 
under 
the 
stated 
conditions 
for 
source 


resistance 
(RS) and 
load resistance 
(R Ll. 


Output 
Resistance: 
The 
small 
signal 
resistance 
seen 
at 
the output 
with 
the output 
voltage 
near zero. 


Output 
Voltage 
Swing: 
The 
peak 
output 
voltage 
swing, 


referred 
to 
zero, 
that 
can 
be obtained 
without 
clipping. 


Offset 
Voltage 
Temperature 
Drift: 
The 
average 
drift 


rate 
of offset 
voltage 
for 
a thermal 
variation 
from 
room 


temperature 
to 
the 
indicated 
temperature 
extreme. 


Power 
Supply 
Rejection: 
The 
ratio 
of 
the 
change 
in 


input 
offset 
voltage 
to 
the 
change 
in 
power 
supply 
voltages 
producing 
it. 


Settling 
Time: 
The 
time 
between 
the 
initiation 
of 
the 


input 
step 
function 
and 
the 
time 
when 
the 
output 


voltage 
has 
settled 
to 
within 
a specified 
error 
band 
of 


the final 
output 
voltage. 


Slew 
Rate: 
The 
internally-limited 
rate 
of 
change 
in 


output 
voltage 
with 
a 
large-amplitude 
step 
function 
applied 
to the 
input. 


Supply 
Current: 
The 
current 
required 
from 
the 
power 
supply 
to 
operate 
the 
ampl ifier 
with 
no 
load 
and 
the 
output 
midway 
between 
the supplies 
.. 


Transient 
Response: 
The 
closed-loop 
step-function 


response 
of 
the 
amplifier 
under 
small-signal 
conditions. 


Unity 
Gain 
Bandwidth: 
The frequency 
range 
from 
dc to 


the 
frequency 
where 
the 
amplifier 
open 
loop 
gain 
rolls 
off to one. 


Voltage 
Gain: 
The 
ratio 
of 
output 
voltage 
to 
input 


voltage 
under 
the 
stated 
conditions 
for 
source 
resis- 


tance 
(RSI and load 
resistance 
(RLl. 


LF147/LF347 Wide Bandwidth Quad J FET 
Input Operational Amplifiers 
General Description 


The LF147 
is a low cost, high speed quad JFET 
input 


operational 
amplifier 
with 
an internally 
trimmed 
input 


offset 
voltage 
(BI-FET 
IITM 
technology). 
The device 
requires a low supply current 
and yet maintains a large 


gain bandwidth 
product 
and a fast slew rate. In addition, 
well 
matched 
high voltage JFET 
input 
devices provide 


very low 
input 
bias and offset 
currents. 
The LF147 
is 
pin compatible 
with 
the standard 
LM148. 
This feature 
allows designers to immediately 
upgrade the overall per- 


formance of existing LF148 and LM124 designs. 


The 
LF147 
may 
be used in applications 
such as high 


speed integrators, 
fast D/A 
converters, sample-and-hold 


circuits 
and 
many 
other 
circuits 
requiring 
low 
input 


offset voltage, low input 
bias current, high input imped- 
ance, high 
slew rate and wide bandwidth. 
The device 
has low noise and offset voltage drift. 


~ 


BI-FET 
II ™ 
Technology 


• 
Internally 
trimmed 
offset voltage 
2 mV 


• 
Low input bias current 
50 pA 


• 
Low input noise current 
0.01 pA/y'HZ 


• 
Wide gain bandwidth 
4 MHz 


• 
High slew rate 
13 V/J1s 


• 
Low supply current 
7.2 mA 


• 
High input impedance 
1012n 


• 
Low total harmonic distortion 
AV = 10, 
<0.02% 


RL = 10k, Va = 20 Vp-p, BW = 20 Hz-20 
kHz 


• 
Low 1If noise corner 
50 Hz 


• 
Fast settling time to 0.01% 
2 J1S 


Dual-in-Line 
Package 


IN4+ 
v- 
IN3+ 
INJ- 


Order Number 
LF147D or LF347D 
See NS Package 
D14E 


Order Number 
LF347BN 
or LF347N 
See NS Package 
N14A 


........, 
L.r.;t<+/D/L.r.3"+1 
r- 


Supply 
Voltage 
±22V 
±18V 
Power Dissipation 
900 mW 
500 mW 
'T1 
Differential 
Input Voltage 
±38V 
±30V 
(Note 3) 
W 
Input Voltage Range 
±19V 
±15V 
Tj max 
150°C 
115°C 
~ 


(Note 
1) 
°jA 
100°C/W 
150°C/W 
••••• 


Output 
Short Circuit 
Continuous 
Continuous 
Operating Temperature 
(Note 4) 
(Note 4) 


Duration 
(Note 2) 
Range 


Storage Temperatu re 
-65°C::; 
TA::; 
150°C 


Range 


Lead Temperature 
300°C 
300°C 


(Soldering, 10 seconds) 


DC Electrical 
Characteristics 
(Note 5) 


LF147 
LF347B 
LF347 


SYMBOL 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOS 
Input Offset Voltage 
RS = 10 kS1,TA - 25°C 
1 
5 
3 
5 
5 
10 
mV 


OverTemperature 
8 
7 
13 
mV 


.>VOS/.>T 
AverageTC of Input Offset 
RS = '0 kS1 
10 
10 
10 
~vfc 


Voltage 


10S 
Input Offset Current 
Tj = 25°C, (Notes 5, 6) 
25 
100 
25 
'00 
25 
100 
pA HI 


Over Temperature 
25 
4 
4 
nA 


18 
Input BiasCurrent 
Tj = 25°C, (Notes5, 6) 
50 
200 
50 
200 
50 
200 
pA 


Over Temperature 
50 
8 
8 
nA 


RIN 
Input Resistance 
Tj = 25°C 
1012 
'012 
1012 
r! 


AVOL 
LargeSignalVoltage Gain 
VS=±15V, TA = 25°C 
50 
100 
50 
100 
25 
100 
V/mV 


Vo = ±'OV, RL = 2 kS1 
Over Temperature 
25 
25 
,5 
V/mV 


Vo 
Output Voltage Swing 
Vs = ±'5V, 
RL ='0 
kS1 
±12 
±13.5 
±12 
±13.5 
±12 
±13.5 
V 


VCM 
Input Common-ModeVoltage 
+15 
+15 
+15 
V 
VS=±15V 
±11 
±11 
±11 


Range 
-12 
-,2 
-12 
V 


CMRR 
Common-ModeRejection Ratio 
RS~ lOkS1 
80 
100 
80 
100 
70 
'00 
dB 


PSRR 
Supply Voltage Rejection Ratio 
(Note 7) 
80 
,00 
80 
'00 
70 
'00 
dB 


IS 
Supply Current 
7.2 


" 


7.2 
,1 
7.2 
11 
mA 


AC Electrical 
Characteristics 
(Note 5) 


LF147 
LF347B 
LF347 


SYMBOL 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Amplifier to Amplifier Coupling 
TA - 25°C, 
120 
120 
120 
dB 


f = 1 Hz-20 kHz 


(Input Referred) 


SR 
Slew Rate 
Vs = ±15V, TA = 25°C 
13 
13 
13 
Vips 


GBW 
Gain-BandwidthProduct 
VS=±15V, TA=25°C 
4 
4 
4 
MHz 


en 
Equivalent Input NoiseVoltage 
TA = 25°C. RS = 100S1, 
20 
20 
20 
nW/Hz 


f= '000 Hz 


;n 
Equivalent Input NoiseCurrent 
Tj = 25°C, f = 1000 Hz 
0.01 
0.0' 
0.01 
pM/Hz 


Note 1: Unless otherwise specified the absolute maximum 
negative input voltage is equal to the negative power supply voltage. 


Note 2: Any 
of the amplifier 
outputs 
can be shorted to ground 
indefinitely, 
however, more than one should not be simultaneously 
shorted as the 
maximum 
junction 
temperature 
will be exceeded. 


Note 3: For operating at elevated temperature, 
these devices must be derated based on a thermal resistance of 6jA. 


Note 4: The LF147 
is available in the military 
temperature 
range -SSoC::S. 
TA::S. 12SoC, while the LF347B 
and the LF347 are available in the 
commercial 
temperature 
range OGC$ TA:s. 70GC. 


Note 5: Unless otherwise 
specified the specifications 
apply over the full 
temperature 
range and for Vs = ±20V for the LF147 and for Vs = ±15V 
for the LF347B/LF347. 
VOS, 
IB, and 10S are measured at VCM = O. 


Note 6. The input 
bias currents are junction 
leakage currents which approximately 
double for every lOGe increase in the junction 
temperature, 


Tj. Due to limited 
production 
test time, the input bias currents measured are correlated to junction 
temperature. 
In normal operation 
the junction 
temperature 
rises above the ambient 
temperature 
as a result of internal 
power pissipation, 
PO. Tj = TA + 8jA Po where 8jA is the thermal 
resist- 


ance from junction 
to ambient. 
Use of a heat sink is recommended 
if input bias current is to be kept to a minimum. 


Note 7: Supply voltage rejection 
ratio is measured for both supply magnitudes increasing or decreasing simultaneously 
in accordance with common 
practice. 


Typical Performance Characteristics 


Input 
Bias 
Current 
Input 
Bias 
Current 
Supply 
Current 
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VOLTAGE(V) 
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SUPPLYVOLTAGE(± V) 
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Common-Mode 
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Voltage 
Limit 
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Limit 
Positive 
Current 
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Negative 
Current 
Limit 
Output 
Voltage 
Swing 
Output 
Voltage 
Swing 


~ 
-15 
50 
30 
~ 
Vr±,15V 
Rl=2k 


'" 
- 
TA=25°C 
z 
25 
~ 
....•.• 
---k 
40 


'" 
-....;; 
... 
... 
"'- 
... 
20 
'" -10 
c~ 
"'- 
c 
25°C\- 
55°C\ 
!:ia.. 
c~ 


~ 


125°C 
0> 
30 
!:ia. 
>- 
0> 
>- 
15 
... '" 
... '" 
I 
~ 


£!O 
20 
ie!O 
... 
~! 
•..3 
10 
=> 
-5 
0 
5'" 
T 
0... 
10 
> 
5 


=i 
filz 
0 
0 
0 
0 
10 
20 
30 
40 
0 
5 
10 
15 
20 
25 
0.1 
1 
10 


OUTPUTSINKCURRENT(mA) 
SUPPLYVOLTAGE(± V) 
Rl-OUTPUT LOAO(kO) 


Gain 
Bandwidth 
Bode 
Plot 
Slew 
Rate 


6 
30 r"• 


150 
26 
Vs=±15 
Vs= ±15V 


:>: 
20 ~ 
Rl=2k 
100 
24 
Rl=2k 
5.5 
~ 
1\ 
Cl=100 pF 
22 
A.=l 


:>:l; 
5 
10 
~ 
I!- 
50 
::l! 
~ 
~ 
f'\. 
~ 
~ 
20 


z 
4.5 
0 
l- 
II- 
0 
... 
18 
FAlliNG 
c 
z 
c 
~ 
m 


'" 
"" 
c 
t 


C> 
, -t--. 
z 
'" 
"" 
~ 
16 
C 
4 
-10 
I- 
-50.§ 
'" 
I..•••••••• 


~ 
""" 


14 
i'SIN~ 
z 
3.5 
-20 
I- 
-100 


=> 
- 
12 


I 
3 
-30 
'-- 
-150 
10 


-50 
-25 
0 
25 
50 
75 
100 
125 
0.1 
1 
10 
100 
-50 
-25 
0 
25 
50 
75 
100 
125 


TEMPfRATURE(OC) 
FREQUENCY(MHz) 
TEMPERATURE(OC) 


Typical Performance Characteristics 
(Continued) 


Undistorted 
Output 
Voltage 
Open 
Loop 
Frequency 


Distortion 
vs Frequency 
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The 
LF147 
is an op amp with 
an internally 
trimmed 
input offset voltage and JFETinputdevices 
(8 I-FET II™). 


These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating 
the need for clamps 
across 
the 
inputs. 
Therefore, 
large differential 
input 


voltages can easily be accommodated 
without 
a large 
increase in 
input 
current. 
The 
maximum 
differential 


input 
voltage 
is independent 
of 
the supply 
voltages. 


However, 
neither 
of 
the 
input 
voltages 
should 
be 


allowed to exceed the negative supply as this will cause 
large currents 
to flow 
which 
can result in a destroyed 


unit. 


Exceeding 
the negative common-mode 
limit 
on either 


input 
will 
cause a reversal of the phase to the output 


and 
force 
the 
amplifier 
output 
to 
the corresponding 


high or low state. Exceeding the negative common·mode 
limit 
on both inputs will force the amplifier 
output 
to a 


high 
state. 
In 
neither 
case 
does 
a 
latch 
occur 
since 
raising 
the 
input 
back 
within 
the 
common-mode 
range 
again 
puts 
the 
input 
stage 
and 
thus 
the 
amplifier 
in a 
normal 
operating 
mode. 


Exceeding 
the 
positive 
common·mode 
limit 
on a single 
input 
will 
not 
change 
the 
phase 
of the output; 
however, 
if both 
inputs 
exceed 
the 
limit, 
the output 
of the ampli- 
fier will be forced 
to a high state. 


The 
amplifiers 
will operate 
with 
a common-mode 
input 


voltage 
equal 
to 
the 
positive 
supply; 
however, 
the 
gain 
bandwidth 
and 
slew 
rate 
may 
be decreased 
in this condi- 
tion. 
When 
the 
negative 
common·mode 
voltage 
swings 
to within 
3V of the negative 
supply, 
an increase 
in input 
offset 
voltage 
may 
occur. 


Each 
amplifier 
is individually 
biased 
by a zener 
reference 
which 
allows 
normal 
circuit 
operation 
on 
±4.5V 
power 


supplies. 
Supply 
voltages 
less than 
these 
may 
result 
in 
lower 
gain bandwidth 
and slew rate. 


The 
LF147 
will 
drive 
a 2 k,Q load 
resistance 
to ±10V 


over 
the full temperature 
range. 
If the amplifier 
is forced 


to 
drive 
heavier 
load 
currents, 
however, 
an 
increase 
in 


input 
offset 
voltage 
may 
occur 
on the 
negative 
voltage 
swing 
and 
finally 
reach 
an active 
current 
limit 
on both 


positive 
and negative 
swings. 


Precautions 
should 
be taken 
to 
ensure 
that 
the 
power 
supply 
for 
the 
integrated 
circuit 
never 
becomes 
reversed 
in polarity 
or that 
the 
unit 
is not 
inadvertently 
installed 


backwards 
in 
a socket 
as 
an 
unlimited 
current 
surge 
through 
the 
resulting 
forward 
diode 
within 
the 
IC could 
cause 
fusing 
of 
the 
internal 
conductors 
and 
result 
in a 


destroyed 
unit. 


Because 
these 
ampl ifiers 
are J F ET rather 
than 
MOSF ET 
input 
op 
amps 
they 
do 
not 
require 
special 
handling. 


As with 
most 
amplifiers, 
care 
should 
be taken 
with 
lead 


dress, 
component 
placement 
and 
supply 
decoupling 
in 


order 
to ensure 
stability. 
For example, 
resistors 
from 
the 
output 
to an input 
should 
be placed 
with 
the 
body 
close 
to 
the 
input 
to 
minimize 
"pick-up" 
and 
maximize 
the 
frequency 
of 
the 
feedback 
pole 
by 
minimizing 
the 
capacitance 
from 
the 
input 
to ground. 


A feedback 
pole 
is created 
when 
the 
feedback 
around 
any 
ampl ifier 
is 
resistive. 
The 
parallel 
resistance 
and 
capacitance 
from 
the 
input 
of 
the 
device 
(usually 
the 
inverting 
input) 
to 
AC ground 
set the 
frequency 
of the 


pole. 
In 
many 
instances 
the 
frequency 
of 
this 
pole 
is 


much 
greater 
than 
the 
expected 
3 dB frequency 
of the 
closed 
loop 
gain 
and 
consequently 
there 
is negligible 
effect 
on 
stability 
margin. 
However, 
if the 
feedback 
pole 
is less 
than 
approximately 
6 
times 
the 
expected 
3 dB 
frequency 
a lead 
capacitor 
should 
be placed 
from 


the 
output 
to the 
input 
of the op amp. 
The value 
of the 
added 
capacitor 
should 
be such 
that 
the 
RC time 
con- 
stant 
of 
this 
capacitor 
and 
the 
resistance 
it 
parallels 
is greater 
than 
or 
equal 
to 
the 
original 
feedback 
pole 
time constant. 


Al 
A2 
A3 
Vo 
ATTENUATION 


0 
0 
0 
0 


0 
0 
1 
-1 dB 


0 
1 
0 
-2 dB 


0 
1 
1 
-3dB 


1 
0 
0 
-4dB 


1 
0 
1 
-5 dB 


1 
1 
0 
-6dB 


1 
1 
1 
-7 dB 


• 
Accuracy 
of better 
than 0.4% with standard 
1% value resistors 


• 
No offset 
adjustment 
necessary 


• 
Expandable 
to any number 
of stages 


• 
Very 
high input 
impedance 


SJ 
o SET 
THRESHOLD 


VOLTAGE 


1 It 
VOUT ~ - 
(VIN - VTHldt 
AC 
0 


• 
Output 
starts 
when 
V IN ~ VTH 


• 
Switch 
51 permits 
stopping and holding any output 
value 


• 
Switch 
52 resets 
system 
to zero 


For circuit 
shown: 


fa = 3 kHz, fNOTCH = 9.5 kHz 
Q = 3.4 


Passband 
gain: 


Highpass 
- 
0.1 


Bandpass 
- 
1 
Lowpass 
-1 
Notch -10 


• 
fox 
Q ~ 200 kHz 


• 
10V 
peak 
sinusoidal 
output 
swing 
without 
slew 
limiting 
to 200 
kHz 


• 
See 
LM 148 
data sheet 
for design 
equations 
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BI-FET Technology 
LF155/LF156/LF157 Series Monolithic 
J FET Input Operational Amplifiers 


LF155, LF155A, LF255, LF355, LF355A, LF355B Low Supply Current 
LF156, LF156A, LF256, LF356, LF356A, LF356B Wide Band 
LF157, LF157A, LF257, LF357, LF357A, LF357B Wide Band Decompensated 
(AVMIN= 5) 


General Description 


These are the first 
monolithic 
JFET 
input 
operational 


amplifiers 
to 
incorporate 
well 
matched, 
high voltage 
JFETs on the same chip with standard bipolar transistors 
(BI-FET Technology). 
These amplifiers feature low input 


bias and offset 
currents, 
low offset 
voltage and offset 


voltage drift, 
coupled with 
offset adjust which does not 


degrade drift 
or common·mode 
rejection. 
The devices 
are also designed for 
high slew rate, wide bandwidth, 
extremely 
fast settling 
time, 
low 
voltage and current 


noise and a low 1If noise corner. 


Advantages 


• 
Replace expensive hybrid 
and module FET op amps 


• 
RuggedJFETs allow blow-out free handling compared 
with MOSFET input devices 


• 
Excellent for low noise applications 
using either high 


or low source impedance-very 
low 1If corner 


• 
Offset adjust does not degrade drift or common-mode 
rejection 
as in most monolithic 
amplifiers 


• 
New output 
stage allows use of large capacitive loads 
(10,000 pF) without 
stability 
problems 


• 
Internal 
compensation 
and 
large differential 
input 


voltage capability 


• 
Precision high speed integrators 


• 
Fast 01A and AID 
converters 


• 
High impedance 
buffers 


• 
Wideband, 
low 
noise, low 
drift 
amplifiers 


• 
Logarithmic 
amplifiers 


• 
Photocell 
amplifiers 


• 
Sample and Hold 
circuits 


Common Features 


(LF155A, 
LF156A, 
LF157A) 


• 
Low input bias current 


• 
Low Input Offset Current 


• 
High input impedance 


• 
Low input offset voltage 


• 
Low input offset voltage temperature 
drift 


• 
Low input noise current 


• 
High common-mode rejection ratio 


• 
Large dc voltage gain 


30pA 


3 pA 


1012.11 


1 mV 
3/lVfC 


0.01 pA/..jHZ 


100 dB 


106 dB 


Uncommon Features 


LF155A 
LF156A 
LF157A 
(AV=5) 


• 
Extremely 
4 


fast settl ing 
time to 
0.01% 


• 
Fast slew 
rate 
5 


• 
Wide gain 
2.5 


bandwidth 


• 
Low input 
20 
noise voltage 


V//ls 


MHz 


Power Dissipation 
(Pd at 2S 


QC) 


and Thermal 
Resistance (ejA) 
INate 
1) 


TjMAX 


(H Package) 
150°C 
150°C 
115°C 
115°C 


IN Package) 
100°C 
100°C 


IH Package) 
Pd 
670 mW 
670mW 
570mW 
570 mW 


8jA 
150°CIW 
150°CIW 
150°C/W 
150°CIW 


(N Package) 
Pd 
500 mW 
500mW 


8jA 
155°CIW 
155°C/W 


Differential 
Input 
Voltage 
±40V 
±40V 
±40V 
±30V 


Input 
Voltage 
Range INate 
2) 
±20V 
±20V 
±20V 
±16V 


Output 
Short Circuit 
Duration 
Continuous 
Continuous 
Continuous 
Continuous 


Storage Temperature 
Range 
-65°C 
to +150°C 
-65°C 
to +150°C 
-65°C 
to +150°C 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 
300°C 
300°C 
300°C 


DC Electrical 
Characteristics 
(Note 3) 


LF155A/6A/7A 
LF355A!6A/7 
A 
SYMBOL 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOS 
Input Offset Voltage 
RS = 50n, TA = 25°C 
1 
2 
1 
2 
mV 


Over Temperature 
2.5 
2.3 
mV 


llVOSlllT 
Average TC of Input 
RS = 50n 
3 
5 
3 
5 
p.vtc 


Offset Voltage 


llTClllVOS 
Change in Average TC 
RS = 50n, 
(Note 4) 
0.5 
0.5 
p.vtc 


with VOS Adjust 
per mV 


10S 
Input Offset Current 
Tj = 25°C, INotes 3, 5) 
3 
10 
3 
10 
pA 


Tj ~THIGH 
10 
1 
nA 


IB 
Input Bias Current 
TJ = 25°C, INotes 3, 51 
30 
50 
30 
50 
pA 


TJ ~ THIGH 
25 
5 
nA 


RIN 
Input Resistance 
TJ = 25°C 
1012 
1012 
n 


AVOL 
Large Signal Voltage 
VS=±15V, 
TA = 25°C 
50 
200 
50 
200 
V/mV 


Gain 
Vo = ±lOV, 
RL = 2k 


Over Temperature 
25 
25 
V/mV 


Vo 
Output Voltage Swing 
VS= ±15V, RL = 10k 
±12 
±13 
±12 
±13 
V 


Vs = ±15V, 
RL = 2k 
±10 
±12 
±10 
±12 
V 


VCM 
Input Common-Mode 
+15.1 
+15.1 
V 
Vs = ±15V 
±11 
±11 


Voltage Range 
-12 
-12 
V 


CMRR 
Common-Mode 
Rejection 
B5 
100 
B5 
100 
dB 


Ratio 


PSRR 
Supply Voltage Rejection 
(Note 61 
B5 
100 
B5 
100 
dB 


Ratio 


AC Electrical 
Characteristics 
TA = 25°C, Vs = ±15V 


LF155A/355A 
L F156A!356A 
LF157A/357A 
SYMBOL 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR 
Slew Rate 
LF155A/6A;AV= 
1, 
3 
5 
10 
12 
V/p.s 


LF157A; 
AV = 5 
40 
50 
V/p.s 


GBW 
Gain Bandwidth 
2.5 
4 
4.5 
15 
20 
MHz 


Product 


ts 
Settling Time to 0.01% 
(Note 71 
4 
1.5 
1.5 
p.s 


en 
Equivalent Input Noise 
RS = lOOn 


Voltage 
f= 
100 Hz 
25 
15 
15 
nV/VHz 


f=1000Hz 
25 
12 
12 
nV/VHz 


in 
Equivalent Input 
f= 
100 Hz 
0.01 
0.01 
0.01 
pA/VHz 


Noise Current 
f= 
1000Hz 
0.01 
0.01 
0.01 
pA/VHz 


CIN 
Input Capacitance 
3 
3 
3 
pF 


en 
CI) 
DC Electrical 
Characteristics 
(Note 3) 
"C 
CI)en 
••••• 
II) 
u:: 
...J 
Ci5 
II) 
u:: 
...J 
rg 
u:: 
...J 


LF155/6/7 
LF255/6/1 


SYMBOL 
PARAMETER 
CONDITIONS 
LF355B/6BI7B 
LF355/6/7 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOS 
Input Offset 
Voltage 
RS = 50n, 
TA = 25°C 
3 
5 
3 
5 
3 
10 
mV 


Over Temperature 
7 
6.5 
13 
mV 


aVOs/aT 
Average 
TC 
of 
Input 
RS = 50n 
5 
5 
5 
Ilvfc 


Offset 
Voltage 


aTC/aVoS 
Change in Average TC 
RS = 50n, 
INote 4) 
0.5 
0.5 
0.5 
Ilvfc 


with Vas 
Adjust 
per 
mV 
. 


10S 
Input 
Offset 
Current 
Tj = 25°C, INotes 3, 5) 
3 
20 
3 
20 
3 
50 
pA 


Tj~THIGH 
20 
1 
2 
nA 


IB 
Input 
Bias 
Current 
TJ = 25°C, (Notes 3, 5) 
30 
100 
30 
100 
30 
200 
pA 


TJ ~ THIGH 
50 
5 
8 
nA 


RIN 
Input 
Resistance 
TJ = 25°C 
1012 
1012 
1012 
n 


AVOL 
Large 
Signal 
Voltage 
Vs = ±15V, TA = 25°C 
50 
200 
50 
200 
25 
200 
V/mV 


Gain 
Va = ±10V, 
RL = 2k 


Over Temperature 
25 
25 
15 
V/mV 


Va 
Output 
Voltage 
Swing 
Vs = ±15V, 
RL = 10k 
±12 
±13 
±12 
±13 
±12 
±13 
V 


Vs = ±15V, 
RL = 2k 
±10 
±12 
±10 
±12 
±10 
±12 
V 
-- ... 


VCM 
Input 
Common-Mode 
+15.1 
+15.1 
+15.1 
V 
Vs = ±15V 
±11 
±11 
±10 
Voltage 
Range 
-12 
-12 
-12 
V 


CMRR 
Common-Mode 
Rejec- 
85 
100 
85 
100 
80 
100 
dB 


tion 
Ratio 


PSRR 
Supply 
Voltage 
Rejec- 
(Note 6) 
85 
100 
85 
100 
80 
100 
dB 


Ratio 


LF155A/155, 
LF156A/156, 
LF157A/157 
LF255, 
LF355 
LF356A/356 
LF357A/357 
PARAMETER 
LF355A/355B 
LF256/356B 
LF257/357B 
UNITS 


TYP 
I MAX 
TYP 
I 
MAX 
TYP 
I 
MAX 
TYP 
I 
MAX 
TYP 
I 
MAX 
TYP 
I 
MAX 


Supply 
Current 
2 
I 


4 
2 
I 
4 
5 
I 
7 
5 
I 
10 
5 
I 
7 
5 
I 
10 
mA 


LF155/255/ 
LF156/256, 
LF156/256/ 
LF157/257, 
LF157/257/ 
SYMBOL 
PARAMETER 
CONDITIONS 
355/355B 
LF356B 
356/356B 
LF357B 
357/357B 
UNITS 


TYP 
MIN 
TYP 
MIN 
TYP 


SR 
Slew 
Rate 
LF155/6: 
AV = 1, 
5 
7.5 
12 
V/IlS 


LF157: 
AV = 5 
30 
50 
V/IlS 


GBW 
Gain 
Bandwidth 
2.5 
5 
20 
MHz 


Product 


ts 
Settling 
Time 
to 0.01% 
INote 7) 
4 
1.5 
1.5 
IlS 


Equivalent 
Input 
Noise 
RS = lOOn 
~ 
1- 


en 


Voltage 
f= 
100 Hz 
25 
15 
15 
nW/Hi. 


f = 1000 Hz 
20 
12 
12 
nV/-/Hz 


in 
Equivalent 
Input 
f = 100 Hz 
0.01 
0.01 
0.01 
pA/-/Hz 


Current 
Noise 
f=1000Hz 
0.01 
0.01 
0.01 
pA/-/Hz 


CIN 
Input 
Capacitance 
3 
3 
3 
pF 


Note 1: The maximum 
power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX. 
6jA, and the 
ambient temperature. TA. The maximum available power dissipation at any temperature is Pd = (TjMAX - 
TAI/OjA or the 2SoC PdMAX. which- 


ever is less. 
Note 2: 
Unless otherwise specified the absolute maximum 
negative input voltage is equal to the negative power supply voltage. 


Note 3: 
Unless otherwise stated. these test conditions apply: 


LF155A/6A/7A 
LF255/617 
LF355A/6AI7 A 
LF355B/6B/7B 
LF355/617 
LF155/6/7 


Supply Voltage, Vs 
t15V S; Vs S; t20V 
t15V S; Vs S; t20V 
t15V S; Vs S; tlSV 
t15V S; Vs t20V 
Vs = t15V 


TA 
-55°C S; TA S; +125"C 
-25°C S; TAS; +S5°C 
O°C S; TA S; +70°C 
O°C S; TAS; +70°C 
O°CS; TAS; +70°C 


THIGH 
+12SoC 
+S5°C 
+70°C 
+70°C 
+70°C 


and VOS, IS and 10S are measured at VCM = O. 
Note 4: The Temperature Coefficient 
of the adjusted input 
offset voltage changes only a small amount (o.5pvfc 
tYlJically) for each mV of 
adjustment 
from 
its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 


Note 5: The input bias currents are junction 
leakagecurrents which approximately 
double for every 10"'C increasein the junction 
temperature. TJ. 


Due to limited 
production 
test time, the input bias currents measured are correlated to junction 
temperature. In normal operation the junction 
temperature 
rises above the ambient 
temperature as a result of internal power dissipation. 
Pd. Tj = TA + <-:-)jAPd where 0jA 
is the thermal 
resistance from junction 
to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 


Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously. in accordance with common 
practice. 


Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kn resistors for the LF155/6. 
It is the time required for the error 


voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is applied 
to the Inverter. For the LF157, AV = -5. 
the feedback resistor from output 
to input is 2 kn and the output step is 10V {SeeSettling Time Test 
Circuit, page 3-301. 
Typical 
DC Performance 
Characteristics 


Curves are for 
LF155, 
LF156 
and LF157 
unless otherwise 
specified. 
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Typical AC Performance Characteristics 
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FREQUENCY 
(MHz) 
FREQUENCY(MHz) 
FREQUENCY 
(MHz) 


Common-Mode 
Rejection 
Power Supply 
Rejection 
Ratio 
Power Supply 
Rejection 
Ratio 
Ratio 


~ 
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~ 
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lF155 


" 
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S 
10 
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S 
10 
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100 
.....•. 
'\ 
'\ 
TA "zre 
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"" 
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~ 


60 
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"\ 
lF17 
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60 
"" " 
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I--L[157 
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~ 
40 
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i 


40 


St 


PPLY '\[\ 
~ 
" 
40 
lF156 
'" 
'" 
~ 
20 
~ 
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lri 
20 
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.. 
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~ 
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0 


.....•. 


10 
100 
lk 
lilt< 
lOOk 1M 10M 
10 
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lk 
10k 
lOOk 
1M 
100 
lk 
10k 
lOOk 
1M 
10M 


FREQUENCY 
(Hz) 
FREQUENCY 
(Hz) 
FREQUENCY 
1Hz) 


Equiv8Jent 
Input 
Noise 


Undistorted Output Voltage Swing 


~ 


Equivalent Input Noise Voltage 
Voltage 
(Expandod 
Scalo) 
21 


~ 


~ 


100 


~ 
140 
TA: 25"C 
TA"25°C_ 
~ 
24 
VS'" 
±15V 
VS'" ±15V 
~ 
Vs'" 
±15V 
'" 
Rl 
""211 
'" 
120 
10 


~ 
20 
TA "'25°C 
~ 
'" 
100 
~ 
'" 
16 
AV"" 
> 
60 


"" I 


~ 
80 
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> 
1\ 
~ 
~ 
I- 
~ 
<5 
w 
.\ 
> 
12 t 
LF155~ 
z 
60 
~ 
40 
~ 


LF157 
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"'" 


lF155 
\'\. 
=> 
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1 f- 
~ 
Ay"5 
L 
=> 
5 
z 
40 i 


~ 
'\. 
lF155 
~ 
- 
•... 
z 
" 
4f- 
- 
z 
•... 
20 
~ 
~ 
20 
;:;: 
, 
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L 
f- 
- 
"" 
LF15617 
> 
"" 
0'- 
- 
:; 
0 
> 
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10k 
lOOk 
1M 
10M 
:il 
1 
10 
100 
1k 
10k 
:; 
10 
lk 
lOOk 


FREQUENCV 
(Hz) 
:il 
FREQUENCY1Hz) 
FREQUENCY 
(Hz) 


3-27 


uz 
~~.. 
:> 


~ 
0.1 


10k 
lOOk 
1M 


FREQUENCY 
(Hz) 


Order Number 
LF155AH 
LF156AH 
LF157AH 
LF155H 
LF156H 
LF157H 
LF255H 
LF256H 
LF257H 
L F355AH 
L F356AH 
L F357 AH 
LF355H 
LF356H 
LF357H 
See NS Package HOBe 


Metal Can Package (H) 


Ne 


Order Number LF355N. 
LF356N 
or LF357N 
See NS Package NOBB 


vonages 
Hom 
gate 
to 
source 
and 
drain 
eliminating 
the 
need 
for 
clamps 
across 
the 
inputs. 
Therefore 
large 


differential 
input 
voltages 
can 
easily 
be 
accomodated 


without 
a large 
increase 
in input 
current. 
The 
maximum 


differential 
input 
voltage 
is independent 
of 
the 
supply 
voltages. 
However, 
neither 
of the 
input 
voltages 
should 


be 
allowed 
to 
exceed 
the 
negative 
supply 
as this 
will 


cause 
large 
currents 
to 
flow 
which 
can 
result 
in 
a 


destroyed 
unit. 


Exceeding 
the 
negative 
common·mode 
limit 
on 
either 


input 
will 
cause 
a reversal 
of 
the 
phase 
to 
the 
output 
and 
force 
the 
amplifier 
output 
to 
the 
corresponding 


high 
or low state. 
Exceeding 
the 
negative 
common-mode 
limit 
on 
both 
inputs 
will 
force 
the 
amplifier 
output 
to a 


high 
state. 
In 
neither 
case 
does 
a latch 
occur 
since 


raising 
the 
input 
back 
within 
the 
common-mode 
range 
again 
puts 
the 
input 
stage 
and 
thus 
the 
amplifier 
in a 
normal 
operating 
mode. 


Exceeding 
the 
positive 
common-mode 
limit 
on a single 
input 
will not 
change 
the 
phase 
of the 
output 
however, 
if 
both 
inputs 
exceed 
the 
limit, 
the 
output 
of 
the 
amplifier 
will 
be forced 
to a high 
state. 


These 
amplifiers 
will 
operate 
with 
the 
common-mode 


input 
voltage 
equal 
to 
the 
positive 
supply. 
In fact, 
the 


common-mode 
voltage 
can exceed 
the positive 
supply 
by 


approximately 
100 
mV 
independent 
of 
supply 
voltage 


and 
over 
the 
full 
operating 
temperature 
range. 
The 


positive 
supply 
can 
therefore 
be used 
as a reference 
on 


an 
input 
as, for 
example, 
in a supply 
current 
monitor 


and/or 
limiter. 


Precautions 
should 
be taken 
to 
ensure 
that 
the 
power 


supply 
for the 
integrated 
circuit 
never 
becomes 
reversed 


through 
the 
resulting 
forward 
diode 
within 
the 
IC could 
cause 
fusing 
of 
the 
internal 
conductors 
and 
result 
in a 


destroyed 
unit. 


Because 
these 
amplifiers 
are JFET 
rather 
than 
MOSFET 


input 
op 
amps 
they 
do 
not 
require 
special 
handling. 


All of the bias currents 
in these 
amplifiers 
are set by FET 
current 
sources. 
The drain 
currents 
for the amplifiers 
are 


therefore 
essentially 
independent 
of 
supply 
voltage. 


As with 
most 
amplifiers, 
care 
should 
be taken 
with 
lead 
dress, 
component 
placement 
and 
supply 
decoupling 
in 


order 
to ensure 
stability. 
For example, 
resistors 
from 
the 


output 
to an input 
should 
be placed 
with 
the 
body 
close 


to 
the 
input 
to 
minimize 
"pickup" 
and 
maximize 
the 


frequency 
of 
the 
feedback 
pole 
-by 
minimizing 
the 
capacitance 
from 
the 
input 
to ground. 


A feedback 
pole 
is created 
when 
the 
feedback 
around 
any 
amplifier 
is 
resistive. 
The 
parallel 
resistance 
and 
capacitance 
from 
the 
input 
of 
the 
device 
(usually 
the 


inverting 
input) 
to 
ac ground 
set 
the 
frequency 
of the 


pole. 
In 
many 
instances 
the 
frequency 
of 
this 
pole 
is 


much 
greater 
than 
the 
expected 
3 dB frequency 
of the 


closed 
loop 
gain 
and 
consequently 
there 
is negligible 
effect 
on stability 
margin. 
However, 
if the feedback 
pole 


is less than 
approximately 
six times 
the 
expected 
3 dB 
frequency 
a lead 
capacitor 
should 
be 
placed 
from 
the 


output 
to 
the 
input 
of 
the 
op 
amp. 
The 
value 
of 
the 
added 
capacitor 
should 
be 
such 
that 
the 
RC 
time 


constant 
of 
this 
capacitor 
and 
the 
resistance 
it parallels 


is greater 
than 
or 
equal 
to 
the 
original 
feedback 
pole 


time 
constant. 


v· 


• vas 
is adjusted with a 25k 
potentiometer 


• 
The potentiometer 
wiper is 
connected 
to V+ 


• 
For 
potentiometers 
with 


temperature 
coefficient 
of 
100 ppmfC 
or 
less the 
additional 
drift 
with adjust 
is 
'" 
0.5 
"VfC/mV 
of 
adjustment 


• 
Typical 
overall drift: 
5 jJ.VI 


DC ±(O.5 
"VfC/mV 
of 
adj.) 


*LF155/6 
R = 5k 
LF157 
R=1.25k 


For 
distortion 
$. 
1% and a 20 
Vp-p 


VOUT 
swing.. 
power 
bandwidth 
is: 


500 kHz. 


Due to a unique output stage design, these ampli- 
fiers have the abilitY 
to drive large capacitive 
loads 


and 
still 
maintain 
stability. 
CUMAX) 
~ 
0.01 
J.lF. 


Overshoot < 20% 


Settling 
time (t5) 
;;; 5 J,lS 


-15V 


SUMMING 


NODE 
-........ 


• 
Settling time is tested with the LF155/6 
connected 


as unity 
gain inverter 
and 
LF157 
connected 
for 


AV =-5 


• 
FET used to isolate the probe capacitance 


• 
Output = 10V step 


• 
AV = -5 
for LF157 


• 
AVOUT!AT 
= ±o.oo2%fC 


• 
All resistors and potentiometers 
should be wire-wound 


• 
Pl 
drift adjust 


• 
P2: VOUT 
adjust 


• 
Use LF155 
for 
•. 
Low IS 


•. 
Low drift 


•. 
Low supply current 


• 
Dynamic 
ran-ge: 
100 
pA 
S 
Ii 
:5. 1 
mA 


(5 decades). IVOI = lV/decade 


• 
Transient 
response: 
3 ps for Llli = 1 decade 


• 
C1, 
C2, 
R2. 
R3: 
added 
dynamic 
compen- 
sation 


• 
Vos adjust the LF156to 
minimize 
quiescent 
error 


• 
RT: Tel Labs type QS, 
+ 0.3%fC 


I 
Rr I 
In Vi 
---- 
VREF 
Ri 


• 
Vo 
= 5 Rl/R2 
(VIrnA 
of IS) 


• 
R1, R2. R3: 0.1% resistors 


• 
Use LF155 
for 


.•. 
Common-mode 
range to supply 
range 


.•. 
Low IS 


.•. 
Low Vas 


.•. 
Low supply current 


.2 


'::' 


2N4092 


VA 


'J" 


'::' 


• 
R1. R2 should be matched 
within 
±0.05% 


• 
Full-scale response time: 
3,.,.s 


EO 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
COMMENTS 


+9.920 
, 
1 
, 
, 
, 
, 
, 
, 
Positive 
Full-Scale 


+0.040 
1 
0 
0 
0 
0 
0 
0 
0 
1+) Zero·Scale 


-Q.040 
0 
, 
, 
1 
, 
, 
, 
, 
(-) 
Zero-Scale 


-9.920 
0 
0 
0 
0 
0 
0 
0 
0 
Negative 
Full-Scale 


Wide BW Low Noise, Low Drift Amplifier 


Cl 


fMAX !!!240 kHz 


-:::~ 


• 
Power BW: fMAX 
= ~ 
'" 
240 kHz 
2"Vp 


• 
Parasitic 
input 
capacitance 
C1 
~ 
(3 
pF 
for 
LF155. 
LF156 
and LF157 
plus any additional 
layout 
capacitance) 
interacts 
with 
feedback 
elements and creates undesirable high frequency 
pole. To compensate add C2 such that: R2C2 ~ 
R1Cl. 


~O.lj.lF 


• 
IOUT(MAX) 
'" 150 mA (will drive RL <: lOOn) 


AVOUT 
0.15 
• 
~ 
= 10-2 
VII's (withCLshownl 


Vc 
(R8+R7) 
f= 
[8Vpu 
R8 R1]C 
.o~ 
VC~30V.l0 
Hz ~ f~ 
10 kHz 


R1, R4 matched. Linearity 
0.1% over 2 decades. 


• 
Overshoot 6% 
v- 


• 
ts 
10l-1s 


• 
When 
driving 
large Cl, 
the 
VOUT 
mined by CL and IOUT(MAX): 


C, 
T'·5" 


AVOUT 
= lOUT 


AT 
CL 


_ 
0.02 
V II's = 0.04 V II's (with 
CL shown) 
0.5 


• 
By adding 
01 
and Rf, V01 
"'"0 during hold mode. Leakage of 
02 provided by feedback path through Rf. 


• 
leakage 
of circuit 
is essentially 'b (lF155, 
LF156) 
plus capaci- 
tor leakage of Cpo 


• 
Diode D3 clamps VOUT 
(Alita 
VIN-VD3 
to improve speed and 
to limit reverse bias of 02. 


• 
Maximum 
input 
frequency 
should be « 
1/21TRfC02 
where 


C02 
is the shunt capacitance of 02. 


1 
R1C <: 
(2,,) (5 MHz) 


Rl = 
R2 + RS 
4 


AV(DCI 
= 1 


f_3 
dB ~ 5 MHz 


AVIDC) 
=-1 


f_3dB 
~ 5 MHz 


High Impedance, Low Drift 
Instrumentation 
Amplifier 


+15V 


-15V 


R3 [2R2 
] 
• 
VOUT=R 
R1 + 1 
6.V,V-+2V::;VINcommon-mode::;V+ 


• 
System Vas adjusted via A2 Vas 
adjust 


• 
Trim 
R3 to boost up CMRR to 120 dB. Instrumentation 
amplifier 


Resistor 
array 
RA201 
(National 
Semiconductor) 
recommended 


JFET 
SWITCHES 


lFl1331 


SWl 
OR 


AH0134 


• 
Both amplifiers 
(A 1. A21 have feedback loops individually 
closed with 
stable responses (over- 
shoot negligible) 
. 


• 
Acquisition 
time TA. estimated by: 


[ 
2RON,VIN,Ch] 
1/2 
TA 9: 
Sr 
provided that: 


VIN<2"S,RONChandTA> 
VINCh 
,RONisofSW1 
IOUT(MAXI 


If inequality 
not satisfied: 
TA:;;; 
VIN Ch 
20 mA 


• 
LF156 developes full Sr output capability 
for VIN ~ 1V 


• 
Addition 
of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback 
loop 


• 
Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2 


,- 
Il) 


+15V 


T"" 
LL 
t15V 
..J 
CD 
-l 
Il) 


JFET 
I 


T"" 
S~:~lC3~~SI 
LL 
OR 
I 
Your 


..J 
AH014J 


in 
Il) 
-15V 


T"" 
LL 
-15V 
..J 


• 
By closing the loop through A2, the VOUT accuracy will be determined uniquely 
by A1. 
No Vas adjust required for A2. 


• 
T A can 
be 
estimated 
by 
same 
considerations 
as previously 
but. 
because 
of the 
added 


propagation 
delay in the feedback loop (A2) the overshoot is not negligible. 


• 
Overall 
system 
slower 
than 
fast 
sample 
and 
hold 


• 
R1, Cc: additional 
compensation 


• 
Use LF156 
for 


.•. 
Fast settling 
time 


• 
Low Vos 


VOUT: 10v'Q 
VIN 


• 
Clean 
layout 
recommended 


• 
Response 
to 
a 1 Vp·p 
tone 
burst: 


300,,, 


• 
By adding positive feedback (R2) 
Q increases to 40 


• 
fBP = 100 kHz 


• 
2R1 =R=10Mn 
2C = C1 = 300 pF 


• 
Capacitors should be matched to obtain high Q 


• 
fNOTCH 
= 120 Hz, notch: -55 
dB, Q > 100 


• 
Use LF155 
for 


.6. 
Low IB 


At. 
Low supply current 


~National 
~ 
Semiconductor 


LF351 Wide Bandwidth JFET 
Input Operational Amplifier 


General Description 


The LF351 is a low cost 
high 
speed 
JFET input 
opera- 
tional 
amplifier 
with 
an internally 
trimmed 
input 
offset 


voltage 
(BI-FET 
WM technology). 
The device 
requires 
a 


low supply 
current 
and yet maintains 
a large gain band- 
width 
product 
and 
a fast 
slew 
rate. 
In addition, 
well 


matched 
high 
voltage 
JFET input 
devices 
provide 
very 


low 
input 
bias 
and 
offset 
currents. 
The 
LF351 
is pin 


compatible 
with the standard 
LM741 and uses the same 


offset 
voltage 
adjustment 
circuitry. 
This feature 
allows 


designers 
to 
immediately 
upgrade 
the 
overall 
perfor- 
mance 
of existing 
LM741 designs. 


The 
LF351 
may 
be used 
in applications 
such 
as high 


speed integrators, 
fast D/A converters, 
sample-and-hold 


circuits 
and 
many 
other 
circuits 
requiring 
low 
input 


offset 
voltage, 
low input 
bias current, 
high input 
imped- 


ance, 
high 
slew 
rate 
and wide 
bandwidth. 
The device 


has low noise 
and offset 
voltage 
drift, 
but for applica- 


Operational Amplifiers/Buffers 


~ 
~ 


',.,. 
•.••1 


...... 
-. 
. 
-. 


BI-FET 
II ™ 
Technologv 


tions 
where these requirements 
are critical, 
the LF356 is 


recommended. 
If maximum 
supply 
current 
is important, 


however, 
the LF351 is the better 
choice. 


• 
Internally 
trimmed 
offset voltage 
10 mV 


• 
Low input bias current 
50 pA 


• 
Low input noise voltage 
16nV/vHz 


• 
Low input noise current 
0.01 pAlvHz 


• 
Wide gain bandwidth 
4 MHz 


• 
High slew rate 
13 VII's 


• 
Low supply 
current 
1.8 mA 


• 
High input impedance 
1012Q 


• 
Low total 
harmonic 
distortion 
AV = 10, 
<0.02% 


RL = 10k, Vo = 20Vp-p, 
BW = 20 Hz-20 kHz 


• 
Low 1/f noise corner 


• 
Fast settling 
time to 0.01 % 


50Hz 


21's 


Order Number 
LF351H 
See NS Package 
HOSC 


Dual-In-Line 
Package 


BALANCE 
NC 


INPUT 
y+ 


INPUT 
OUTPUT 


y- 
BALANCE 


TOP VIEW 


Order Number 
LF351N 
See NS Package 
NOSA 


,.. 
Ll) 
Absolute 
Maximum 
Ratings 
~LL 
..J 
Supply 
Voltage 
±18V 


Power 
Dissipation 
(Note 
1) 
500mW 


Operating 
Temperature 
Range 
O·C to 
+ 70·C 


Tj(MAX) 
115·C 


Differential 
Input 
Voltage 
±30V 


Input 
Voltage 
Range 
(Note 
2) 
±15V 


Output 
Short 
Circuit 
Duration 
Continuous 


Storage 
Temperature 
Range 
-65·Cto 
+150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


DC Electrical Characteristics 
(Note 
3) 


LF351 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 


UNITS 


VOS 
Input 
Offset 
Voltage 
RS= 
10kQ, 
TA=25·C 
5 
10 
mV 


Over Temperature 
13 
mV 


tNOS/t:.T 
Average 
TC of Input 
Offset 
RS= 
10kQ 
10 
flV/·C 
Voltage 


10S 
Input 
Offset 
Current 
Tj = 25 ·C, (Notes 
3, 4) 
25 
100 
pA 


Tj" 
70·C 
4 
nA 


IB 
Input 
Bias 
Current 
Tj = 25 ·C, (Notes 
3, 4) 
50 
200 
pA 


Tj" 
70·C 
8 
nA 


RIN 
Input 
Resistance 
Tj = 25·C 
1012 
Q 


AVOL 
Large 
Signal 
Voltage 
Gain 
VS= 
±15V, 
TA=25·C 
25 
100 
V/mV 


VO= 
±10V, 
RL=2kQ 
Over Temperature 
15 
V/mV 


Vo 
Output 
Voltage 
SWing 
Vs = ± 15V, RL = 10kQ 
±12 
±13.5 
V 


VCM 
Input 
Common·Mode 
Voltage 
VS= 
:!:15V 
± 11 
+15 
V 


Range 
-12 
V 


CMRR 
Common-Mode 
Rejection 
Ratio 
RS" 
10kQ 
70 
100 
dB 


PSRR 
Supply 
Voltage 
Rejection 
Ratio 
(Note 
5) 
70 
100 
dB 


IS 
Supply 
Current 
1.8 
3.4 
mA 


LF351 


MIN 
TYP 
MAX 
UNITS 


13 
V/flS 


4 
MHz 


16 
nV/YHZ 


0.01 
pAlYHZ 


SR 


GBW 


Slew 
Rate 


Gain 
Bandwidth 
Product 


Equivalent 
Input 
Noise 
Voltage 


VS= 
±15V, 
TA=25·C 


VS= 
±15V, 
TA=25·C 


TA=25·C, 
RS=100Q, 


f= 
1000Hz 


Tj = 25·C, 
f = 1000Hz 


Note 
1: 
For operating 
at elevated 
temperature, 
the device 
must 
be derated 
based 
on a thermal 
resistance 
of 150·C/W 
junction 
to ambient 
or 45 ·C/W 
junction 
to case. 


Note 
2: 
Unless 
otherwise 
specified 
the 
absolute 
maximum 
negative 
input 
voltage 
is equal 
to the 
negative 
power 
supply 
voltage. 


Note 
3: These 
specifications 
apply 
for Vs = ± 15V and 
O·C <; TA <; 
+ 70 ·C. VOS, 
IS and 
10S are measured 
at VCM = O. 


Note 
4: The 
input 
bias 
currents 
are junction 
leakage 
currents 
which 
approximately 
double 
for every 
10·C 
increase 
in the 
junction 
tem- 


perature, 
Tj. Due to the 
limited 
production 
test 
time, 
the 
input 
bias 
currents 
measured 
are correlated 
to junction 
temperature. 
In normal 


operation 
the 
junction 
temperature 
rises 
above 
the 
ambient 
temperature 
as a result 
of internal 
power 
dissipation, 
PD. Tj =TA 
+0jA 
PD 


where 
0jA 
is the thermal 
resistance 
from 
junction 
to ambient. 
Use of a heat 
sink 
is recommended 
if input 
bias 
current 
is to be kept 
to a 


minimum. 
Note 
5.: 
Supply 
voltage 
rejection 
ratio 
is measured 
for both 
supply 
magnitudes 
increasing 
or decreasing 
simultaneously 
in accordance 
with common practice. 


r- 
Typical 
Performance 
Characteristics 
"T1 
w 


Input 
Bias 
Current 
Input 
Bias 
Current 
Supply 
Current 
C1'I..•. 


1k 
z.z 


100 
Vs= 
:t15V 
VCM:O 
0"::;;TA~+10°C 


~ 
TA" 25 C 
% 


Vs= 
~15V 
:< 
•... 
80 
•... 
~ 
./" 
z 
z 
•... 
~ 
~ 
/ 
z 
1.8 
~ 
60 
~ 
/' 
~ 
/" V 
~ 
~ 'DO 
~ 
u 
~ 


« 
40 
« 
> 
'.6 
iD 
iD 
•... 
•... 
~ 
~ 
...- 
~ 


Z 
~ 
~ 
1.4 
ZO 
z 


0 
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The 
LF351 
is an 
op 
amp 
with 
an 
internally 
trimmed 


input 
offset 
voltage 
and JFETinputdevices 
(8 I-F ET II™I. 
These 
JFETs 
have large reverse 
breakdown 
voltages 
from 


gate 
to source 
and 
drain 
eliminating 
the need 
for clamps 
across 
the 
inputs. 
Therefore, 
large 
differential 
input 


voltages 
can 
easily 
be 
accommodated 
without 
a large 
increase 
in 
input 
current. 
The 
maximum 
differential 


input 
voltage 
is 
independent 
of 
the 
supply 
voltages. 
However, 
neither 
of 
the 
input 
voltages 
should 
be 


allowed 
to exceed 
the 
negative 
supply 
as this 
will cause 


large 
currents 
to 
flow 
which 
can 
result 
in a destroyed 
unit. 


Exceeding 
the 
negative 
common-mode 
limit 
on 
either 
input 
will 
cause 
a reversal 
of 
the 
phase 
to 
the 
output 
and 
force 
the 
amplifier 
output 
to 
the 
corresponding 


high 
or low state. 
Exceeding 
the negative 
common-mode 


limit 
on both 
inputs 
will force 
the amplifier 
output 
to a 


high 
state. 
In 
neither 
case does a latch 
occur 
since 


raising the input 
back within 
the common·mode 
range 
again puts the input 
stage and thus the amplifier 
in a 
normal operating mode. 


Exceeding the positive common-mode 
limit 
on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output 
of the ampli· 


fier will be forced to a high state. 


The amplifier 
will 
operate with 
a common-mode 
input 


voltage equal to the positive supply; however, the gain 
bandwidth 
and slew rate may be decreased in this condi· 


tion. 
When the negative common-mode 
voltage swings 
to within 
3V of the negative supply, an increase in input 


offset voltage may occur. 


The LF351 
is biased by a zener reference which allows 
normal circuit 
operation 
on ±4V power supplies. Supply 


voltages less than these may result in lower gain band· 
width and slew rate. 


The LF351 
will 
drive a 2 kn 
load resistance to ±10V 


over the full 
temperature 
range of O°C to +70°C. If the 
amplifier 
is forced 
to drive heavier load currents, how· 


ever, an increase in input 
offset 
voltage may occur on 
the 
negative voltage swing and finally 
reach an active 


current 
limit 
on 
both 
positive 
and 
negative swings. 


Precautions 
should be taken to ensure that 
the power 


supply for the integrated circuit 
never becomes reversed 
in polarity 
or that the unit 
is not inadvertently 
installed 


backwards 
in 
a socket as an unlimited 
current 
surge 
through the resulting forward 
diode within 
the IC could 
cause fusing of the internal 
conductors 
and result in a 
destroyed unit. 


Because these amplifiers 
are JFET rather than MOSFET 
input 
op amps they 
do not 
require 
special handling. 


As with most amplifiers, care should be taken with lead 
dress, component 
placement and supply 
decoupling 
in 
order to ensure stability. 
For example, resistors from the 
output 
to an input should be placed with the body close 
to the input 
to minimize 
"pick·up" 
and maximize the 
frequency 
of 
the 
feedback 
pole 
by 
minimizing 
the 
capacitance from the input to ground. 


A feedback pole is created when the feedback around 
any 
amplifier 
is resistive. The 
parallel 
resistance and 
capacitance from 
the 
input 
of the device (usually 
the 
inverting 
input) 
to AC ground set the frequency 
of the 
pole. 
In many 
instances the frequency 
of this pole is 
much greater than the expected 3 dB frequency 
of the 
closed 
loop 
gain and consequently 
there 
is negligible 
effect 
on 
stability 
margin. 
However, 
if 
the 
feedback 


pole is less than 
approximately 
6 times the expected 
3 dB frequency 
a lead capacitor should be placed from 
the output 
to the input of the op amp. The value of the 
added capacitor 
should be such that the RC time con- 


stant 
of 
this 
capacitor 
and the 
resistance it 
parallels 


is greater than 
or equal to the original 
feedback pole 
time constant. 


- 
IS 
+ 


lN914 
Vo 


Parasitic 
input 
capacitance 
C1 
i:;! 
(3 pF for 
LF351 
plus 
any 
additional 
layout 
capacitance) 
interacts 


with 
feedback 
elements 
and 
creates 
undesirable 


high frequency 
pole. To compensate, 
add C2 such 
that: 
R2C2 
'" R1C1. 


RESET 
--...r- 


INTEGRATE 


c*T 


1 
12 


VOUT' 
RC /' 
VIN 
Oil 
'I 


4.8 - Vs 
2VS-7.8 


Vs - 
7.8 


* Low leakage capacitor 


• 
50k 
pot used for less sensitive 
Vas adjust 


where Vs ""V+ + 
IV-I 


*Iaw 
leakage capacitor 


Lr-~:>~wloe Bandwidth Dual 
J FET Input Operational Amplifier 


General Description 


These devices 
are low cost, high speed, dual JFET input 


operational 
amplifiers 
with 
an internally 
trimmed 
input 


offset 
voltage 
(BI-FET IITM technology). 
They require 
low 


supply 
current 
yet 
maintain 
a large 
gain 
bandwidth 


product 
and fast 
slew 
rate. 
In addition, 
well 
matched 


high voltage 
JFET input 
devices 
provide 
very low input 


bias 
and offset 
currents. 
The LF353 is pin compatible 


with 
the 
standard 
LM1558 
allowing 
designers 
to 


immediately 
upgrade the overall performance 
of existing 


LM1558 and LM358 designs. 


These 
amplifiers 
may be used in applications 
such as 


high speed integrators, 
fast 
DfA converters, 
sample 
and 


hold circuits 
and many other circuits 
requiring 
low input 


offset 
voltage, 
low input bias current, 
high input imped- 


ance, 
high 
slew 
rate and wide 
bandwidth. 
The devices 


also exhibit 
low noise and offset 
voltage 
drift. 


~ 


BI.FET II ™ 
Technology 


• 
Internally 
trimmed 
offset 
voltage 
10 mV 


• 
Low input bias current 
50pA 


• 
Low input noise voltage 
16nVfvHz 


• 
Low input noise current 
0.01 pAlvHz 


• 
Wide gain bandwidth 
4MHz 


• 
High slew rate 
13Vfl's 


• 
Low supply current 
3.6mA 


• 
High input impedance 
1012Q 


• 
Low total 
harmonic 
distortion 
AV = 10, 
<0.02% 


RL=10k, 
Vo=20Vp-p, 
BW=20Hz-20kHz 


• 
Low 1ff noise corner 


• 
Fast settling 
time to 0.01 % 


50Hz 


21's 


Order Number LF353H 
See NS Package HOSC 


v. 
OUTPUT 
A 
v· 


INVERTING 
INPUT 
A 
OUTPUT B 


NON·INVERTING 
, 


INPUT 
A 
INVERTING 
INPUT 
B 


v- 
NON·INVERTING 
INPUT 8 


Order Number LF353N 
See NS Package NOSA 


r- 


Absolute 
Maximum 
Ratings 
." 
CN 
(J1 


Supply 
Voltage 
±18V 
Input Voltage 
Range (Note 2) 
±15V 
CN 


Power Dissipation 
(Note 1) 
500mW 
Output 
Short Circuit 
Duration 
Continuous 


Operating 
Temperature 
Range 
O'Cto 
+70'C 
Storage 
Temperature 
Range 
-65'Cto 
+150'C 


Tj(MAX) 
115'C 
Lead Temperature 
(Soldering, 
10 seconds) 
300'C 


Differential 
Input Voltage 
±30V 


DC Electrical Characteristics 
(Note 
4) 


LF353 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VOS 
Input 
Offset 
Voltage 
RS=10kQ, 
TA=25'C 
5 
10 
mV 


Over Temperature 
13 
mV 


t.vOS/11T 
Average 
TC of Input 
Offset 
RS = 10kQ 
10 
",V/'C 
Voltage 


10S 
Input 
Offset 
Current 
Tj = 25 'C, (Notes 
4, 5) 
25 
100 
pA 


Tj" 
70'C 
4 
nA 


IB 
Input 
Bias Current 
Tj = 25 'C, (Notes 
4, 5) 
50 
200 
pA 


Tj" 
70'C 
8 
nA - 


RIN 
Input 
Resistance 
Tj =25'C 
1012 
Q 


AVOL 
Large Signal 
Voltage 
Gain 
VS= 
±15V, 
TA=25'C 
25 
100 
V/mV 


VO= 
±10V, 
RL=2kQ 
Over Temperature 
15 
V/mV 


Va 
Output 
Voltage 
SWing 
VS= 
±15V, 
RL=10kQ 
±12 
±13.5 
V 


VCM 
Input 
Common· 
Mode 
Voltage 
VS= 
±15V 
±11 
+15 
V 


Range 
-12 
V 


CMRR 
Common·Mode 
Rejection 
Ratio 
RS" 
10kQ 
70 
100 
dB 


PSRR 
Supply 
Voltage 
Rejection 
Ratio 
(Note 
6) 
70 
100 
dB 


IS 
Supply 
Current 
3.6 
6.5 
mA 


AC Electrical Characteristics 
(Note 
4) 


LF353 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Amplifier 
to Amplifier 
Coupling 
TA=25'C, 
f= 
1 Hz- 
-120 
dB 
20 kHz (Input 
Referred) 


SR 
Slew 
Rate 
VS= 
±15V, 
TA=25'C 
13 
V/",s 


GBW 
Gain 
Bandwidth 
Product 
VS= 
±15V, 
TA=25'C 
4 
MHz 


en 
Equivalent 
Input 
Noise 
Voltage 
TA=25'C, 
RS=100Q, 
16 
nV/v'RZ 


f = 1000Hz 


in 
Equivalent 
Input 
Noise 
Current 
Tj = 25'C, 
f = 1000 I-!z 
0.01 
pAlv'RZ 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 16D'C/W 
junction to ambient 
for the N package, and 15D'C/W 
junction 
to ambient for the H package. 
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
Note 3: The power dissipation 
limit, however, cannot be exceeded. 
Note 4: These specifications 
apply for Vs = :!: 15V and DOC" TA" 
+ 7DoC.VOS, IB and 10S are measured at VCM = D. 
Note 5: The input bias currents are junction 
leakage currents which approximately 
double for every 1DoC increase in the junction 
tem· 
perature, Tj. Due to the limited production 
test time, the input bias currents measured are correlated to junction temperature. 
In normal 
operation the junction 
temperature 
rises above the ambient temperature as a result of internal power dissipation, 
PD· Tj = TA + 0jA Po 
where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a 
minimum. 
Note 6.: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously 
in accordance 
with 
common 
practice. 
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Typical Performance 
Characteristics 
(Continued) 


Undistorted 
Output 
Voltage 


Distortion 
vs Frequency 
Swing 
Open 
Loop 
Frequency 
Response 
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These 
devices 
are 
op 
amps 
with 
an 
internally 
trimmed 
input 
offset 
voltage 
and JFET 
input 
devices 
(BI-FET 
II). 
These 
JFETs 
have large reverse 
breakdown 
voltages 
from 
gate 
to source 
and 
drain 
eliminating 
the need 
for clamps 
across 
the 
inputs. 
Therefore, 
large 
differential 
input 
voltages 
can 
easily 
be 
accommodated 
without 
a large 
increase 
in 
input 
current. 
The 
maximum 
differential 
input 
voltage 
is 
independent 
of 
the 
supply 
voltages. 
However, 
neither 
of 
the 
input 
voltages 
should 
be 


allowed 
to exceed 
the 
negative 
supply 
as this 
will cause 


large 
currents 
to 
flow 
which 
can 
result 
in a destroyed 
unit. 


Exceeding 
the 
negative 
common-mode 
limit 
on 
either 


input 
will 
cause 
a reversal 
of 
the 
phase 
to 
the 
output 
and 
force 
the 
amplifier 
output 
to 
the 
corresponding 


high 
or low state. 
Exceeding 
the negative 
common-mode 


limit 
on 
both 
inputs 
will force 
the amplifier 
output 
to a 


high 
state. 
In 
neither 
case does a latch 
occur since 
raising the input 
back within 
the common·mode 
range 
again puts the input 
stage and thus the amplifier 
in a 


normal operating mode. 


Exceeding the positive common·mode 
limit 
on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli· 
fier will be forced to a high state. 


The amplifiers will operate with a common· mode input 
voltage equal to the positive supply; however, the gain 
bandwidth 
and slew rate may be decreased in this condi· 
tion. 
When the negative common·mode 
voltage swings 
to within 
3V of the negative supply, an increase in input 


offset voltage may occur. 


Each amplifier 
is individually 
biased by a zener reference 
which 
allows 
normal 
circuit 
operation 
on ±4V 
power 


supplies. Supply voltages less than these may result in 
lower gain bandwidth and slew rate. 


The amplifiers will drive a 2 kD. load resistance to ±10V 
over the full temperature 
range of O°C to +70°C. If the 
amplifier 
is forced to drive heavier load currents, how· 
ever, an increase in input 
offset voltage may occur on 


the negative voltage swing and finally 
reach an active 
current 
limit 
on 
both 
positive 
and 
negative swings. 


Precautions should be taken to ensure that the power 
supply for the integrated circuit 
never becomes reversed 
in polarity 
or that the unit is not inadvertently 
installed 


Detailed Schematic 
Vee 


backwards 
in 
a socket as an unlimited 
current 
surge 


through the resulting forward diode within 
the IC could 
cause fusing of the internal 
conductors 
and result in a 


destroyed unit. 


Because these ampl ifiers are J FET rather than MOSF ET 
input 
op amps they 
do not 
require 
special handling. 


As with most amplifiers, care should be taken with lead 
dress, component 
placement and supply decoupling 
in 
order to ensure stability. 
For example, resistors from the 


output 
to an input should be placed with the body close 
to the input 
to minimize 
"pick-up" 
and maximize the 
frequency 
of 
the 
feedback 
pole 
by 
minimizing 
the 
capacitance from the input to ground. 


A feedback pole is created when the feedback around 
any 
amplifier 
is resistive. The parallel 
resistance and 
capacitance from 
the input 
of the device (usually 
the 


inverting 
input) 
to AC ground set the frequency of the 
pole. 
In many 
instances the frequency 
of this pole is 


much greater than the expected 3 dB frequency 
of the 
closed 
loop 
gain and consequently 
there 
is negligible 


effect 
on 
stability 
margin. 
However, 
if 
the feedback 


pole 
is less than 
approximately 
6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output 
to the input of the op amp. The value of the 
added capacitor 
should be such that the RC time con- 


stant 
of 
this 
capacitor 
and the resistance it 
parallels 


is greater than 
or equal to the original 
feedback pole 


time constant. 


R5 
22 


Vo 


R6 
30 


R3 


1.8k 
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Not8 1: All controls flat. 


Note 
2: 
Bass and treble 
boost, 
mid flat. 


Note 
3: 
Bass and treble 
cut, 
mid flat. 


-Note 
4: 
Mid boost, 
bass and treble 
flat. 


Not85: 
Mid cut, 
bass and treble 
flat. 


• 
All potentiometers 
are linear taper 


• 
Use the LF347 
Ouad for stereo applications 


Typical Applications 
(Continued) 


Improved 
CMRR 
Instrumentation 
Amplifier 


h 
r 
h 
r 


-Vs' 


( 
2R2 
) 
AV ~ R1 + 1 
m 
and '*' 
are separate isolated grounds 


Matching 
of R2's, R4's and RS's control 
CMRR 


With 
AVT 
= 1400, 
resistor 
matching 
= 0.01%: 
CMRR 
= 136 
dB 


• 
Very 
high input impedance 


• 
Super high CMRR 


• 
Corner 
frequency 
(fcl 
= j 
1 


R1R2CCl 


• 
Passband 
gain (Hal 
= (1 + R4/R31 
(1 + R4'/R3'1 


• 
First stage 
Q 
=: 1.31 


• 
Second 
stage 
Q = 0.541 


• 
Circuit 
shown uses nearest 5% tolerance 
resistor values for a filter 
with a corner frequency 
of 100 Hz and a passband gain of 100 


• 
Offset 
nulling necessary for accurate 
DC performance 


V1No-1 


C 
0.001 


Corner 
frequency 
(lei 
= j 
1 
2 
• 
R1 R2C 
2" 


• 
Passband 
gain 
1Hal = 
11 + R4/R3111 + R4'/R3'1 


• 
First stage Q = 1.31 


• 
Second stage Q = 0.541 


• 
Circuit 
shown uses closest 5% tolerance 
resistor values for a filter 
with a corner frequency 
of 1 kHz and a passband gain of 10 


'M 
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1V 


Va 
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RLADDER 
x RX 


~National 
~ 
Semiconductor 
Operational Amplifiersl Buffers 


PRELIMINARY 
~ 


BI-FET 
™ 
Technology 


LF400C Fast Settling JFET Input Operational Amplifier 


The LF400C 
is a fast settling 
(400 ns toO.01 % for a 10Vout- 
put step in the test circuit) 
BI-FET™ operational 
amplifier. 


It also 
features 
an 18 MHz bandwidth, 
an inverting 
slew 


rate 
of 57V/p.s and 
adjustable 
short 
circuit 
current 
limit 


allowing 
capacitive 
and/or 
600flloads. 


• 
Cable 
drivers 


• 
High 
speed 
ramp 
generators 


• 
DAC output 
amplifiers 


• 
Fast 
buffers 


• 
Sample 
and holds 


• 
Fast 
integrators 


• 
Piezoelectric 
transducer 
signal 
conditioners 


•• 
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Differential 
Input Voltage 
± 40V 


Input Voltage 
Range (Note 2) 
± 20V 


Output 
Short Circuit 
Duration 
Continuous 


Storage 
Temperature 
Range 
- 65'C 
to + 150'C 


Lead Temperature(Soldering, 
10 seconds) 
300'C 


Supply 
Voltage 


Power Dissipation 
(poat 
25'C) 
and Thermal 
Resistance 
(OjA)(Note 1) 


Operating 
Temperature 
Range (TA) 
TjMAX 


(H Package) 
(N Package) 


(H Package) 
Po 


°jA 


(N Package) 
Po 


°iA 


115'C 
100'C 


570mW 
150'C/W 
500mW 
155'C/W 


Symbol 
Parameter 
Conditions 


Vas 
Input 
Offset 
Voltage 
Rs = 50n, TA = 25'C 
Over Temperature 


'iVos/tiT 
Average 
TC of Input 
Offset 
Voltage 
Rs=50n 


los 
Input 
Offset 
Current 
Ti = 25'C, 
(Notes 
3 and 4) 


Tj"THIGH 


IB 
Input 
Bias Current 
Ti = 25'C, 
(Notes 
3 and 4) 


Tj"TH1GH 


R1N 
Input 
Resistance 
Tj = 25'C 


AVOL 
Large Signal 
Voltage 
Gain 
Vs = ± 15V, TA= 25'C, 


Va = ± 10V, RL = 2k 
Over Temperature 


Va 
Output 
Voltage 
Swing 
Vs= 
± 15V, RL = 10k 


Vs= 
±15V, 
RL=2k 


VCM 
Input 
Common-Mode 
Voltage 
Range 
Vs= 
±15V 


CMRR 
Common-Mode 
Rejection 
Ratio 


PSRR 
Supply 
Voltage 
Rejection 
Ratio 
(Note 5) 


Is 
Supply 
Current 
TA= 25'C, 
Vs = ± 15V 


ts 


SR 


GBW 


Settling 
Time 
to 0.01 % 


Slew Rate 


Gain 
Bandwidth 
Product 


mV 
mV 


pV/'C 


pA 
nA 


pA 
nA 
n 


V/mV 


V/mV 
V/mV 


V 
V 


V 


V 


dB 


dB 


mA 


±13 
± 12 


±14 
-12 


100 


100 


8 


Typ 
Max 
Units 


400 
ns 


57 
Vips 


18 
MHz 


Note 1: The maximum 
power dissipation 
for these devices must be derated at elevated temperatures 
and is dictated 
by TjMAX. 8jA. and the 


ambient 
temperature, 
TA The maximum 
available 
power dissipation 
at any temperature 
is Po = (TjMAX - TA)/8jA or the 25°C POMAX. whichever 
is 


less. 


Nole 2: Unless otherwise 
specified 
the absolute 
maximum 
negative 
input voltage 
is equal to the negative power supply 
voltage. 


Note 3: These specifications 
apply for Vs = ± 15V and O°CsTAS 
+ 70 


oe. 
VOS, IB and 10S are measured 
at VCM =0. 


Note4: 
The input bias currents 
are junction 
leakage currents 
which approximately 
double for every 10°C increase 
in the junction 
temperature, 
Tj. 


Due to limited 
production 
test time, 
the input 
bias currents 
measured 
are correlated 
to junction 
temperature. 
In normal 
operation 
the junction 


temperature 
rises above the ambient 
temperature 
as a result of internal 
power dissipation, 
PO. Tj = TA + 8jA Po where8jA 
is the thermal 
resistance 
from junction 
to ambient. 
Use of a heat sink is recommended 
if input 
bias current 
is to be kept to a minimum. 


NoteS: 
Supply Voltage 
Rejection 
is measured 
for both supply 
magnitudes 
increasing 
or decreasing 
simultaneously. 
in accordance 
with common 
practice. 


Operational Amplifiersl Buffers 


~ 


BI.FET II™ 
Technology 


~National 
~ 
Semiconductor 


LF411A/LF411 Low Offset, Low Drift JFET 
Input Operational Amplifier 


These devices are low cost, high speed, JFET input opera- 
tional 
amplifiers 
with 
very low input 
offset 
voltage 
and 


guaranteed 
input 
offset 
voltage 
drift. 
They require 
low 


supply 
current 
yet maintain 
a large gain bandwidth 
prod· 


uct 
and 
fast 
slew 
rate. 
In addition, 
well 
matched 
high 


voltage J FET input devices provide very low input bias and 
offset 
currents. 
The 
LF411 is pin 
compatible 
with 
the 


standard 
LM741 
allowing 
designers 
to 
immediately 


upgrade 
the overall 
performance 
of existing 
designs. 


These amplifiers 
may be used in applications 
such as high 


speed 
integrators, 
fast 
D/A converters, 
sample 
and hold 


circuits 
and many other circuits 
requiring 
low input offset 


voltage 
and drift, low input bias current, 
high input imped- 


ance, high slew rate and wide bandwidth. 


• 
Internally 
trimmed 
offset voltage 
0.5 mV (max) 


• 
Input offset voltage drift 
10I'V/OC(max) 


• 
Low input bias current 
50 pA 


• 
Low input noise current 
0.01 pAl.jHZ 


• 
Wide gain bandwidth 
3 MHz(min) 


• 
Highslewrate 
10Vll's(min) 


• 
Low supply current 
1.8 mA 


• 
High input impedance 
10120 


• 
Low total harmonicdistortionAv= 
10, 
<0.02% 


RL = 10k, Vo = 20 Vp-p, BW = 20 Hz-20 
kHz 


• 
Low 1/f noise corner 
50 Hz 


• 
FastsettlingtimetoO.01% 
21's 
_ 


Ordering Information 


LF411XYZ 


X indicates 
electrical 
grade 


Y indicates 
temperature 
range 


"M" 
for military, 
"C" 
for commercial 


Z 
indicates 
package 
type 


"H" or"N" 


Connection Diagrams 


LF411AMH/LF411 MH, LF411ACH/LF411CH 
Metal Can Package 


Order Number 
LF411AMH, LF411MH, LF411ACH 
or LF411CH 
See NS Package 
HOSB 


LF411ACN, LF411CN 
Dual-In-Line 
Package 


Order Number 
LF411ACN or LF411CN 
See NS Package 
NOSA 


;:JUI-'I-'ly 
YUlli::lye 
±: ~~V 
±: ltiV 
Power Dissipation 
670mW 
SOOmW 


Differential 
Input Voltage 
±3BV 
±30V 
(Note 2) 


Input Voltage Range 
± 19V 
±15V 
Tj max 
1S0'C 
11S'C 


(Note 1) 
8jA 
150'CIW 
1BO'CIW 


Output Short Circuit 
Continuous 
Continuous 
Operating Temperature 
(Note 3) 
(Note 3) 
Duration 
Range 


Storage Temperature 
- 6S'C"TA" 
lS0'C 
-6S'C"TA"lS0'C 
Range 


Lead Temperature 
3OO'C 
300'C 


(Soldering, 
10 seconds) 


DC Electrical 
Characteristics 
(Note 
4) 


Symbol 
Parameter 
Conditions 
LF411A 
LF411 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Input 
Offset 
Voltage 
Rs = 10 kO, TA= 25'C 
0.3 
0.5 
0.8 
2.0 
mV 


tNoslf1T 
Average 
TC of Input 
Rs = 10 kO (Note 
5) 
7 
10 
7 
20 
ILV/'C 
Offset 
Voltage 
(Note 
5) 


Vs= 
± 15V 
Tj=25'C 
25 
100 
25 
100 
pA 


los 
Input 
Offset 
Current 
T =70'C 
2 
2 
nA 
Notes 
4 and 6 
Tj = 125'C 
25 
25 
nA 


Vs= 
± 15V 
T =25'C 
50 
200 
50 
200 
pA 
IB 
Input 
Bias Current 
T=70'C 
4 
4 
nA 
Notes 
4 and 6 
Tj = 125'C 
50 
50 
nA 


R'N 
Input 
Resistance 
Tj =25'C 
1012 
1012 
0 


Large 
Signal 
Voltage 
Vs= 
±15V, 
Vo= 
±10V, 
50 
200 
25 
200 
V/mV 


AvoL 
Gain 
R, = 2k, TA = 25'C 


Over Temperature 
25 
200 
15 
200 
V/mV 


Va 
Output 
Voltage 
Swing 
Vs= 
±15V, 
RL=10k 
±12 
±13.5 
±12 
±13.5 
V 


VCM 


Input 
Common-Mode 
+ 16 
+19.5 
+11 
+14.5 
V 
Voltage 
Range 
-16.5 
-11.5 
V 


CMRR 
Common-Mode 
Rs" 
10k 
80 
100 
70 
100 
dB 
Rejection 
Ratio 


PSRR 
Supply 
Voltage 
(Note 
7) 
80 
100 
70 
100 
dB 
Rejection 
Ratio 


Is 
Supply 
Current 
1.8 
2.8 
1.8 
3.4 
mA 


AC Electrical 
Characteristics 
(Note 
4) 


Symbol 
Parameter 
Conditions 
LF411A 
LF411, 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


SR 
Slew 
Rate 
Vs = ± 15V, TA= 25'C 
10 
15 
8 
15 
V/lLs 


GBW 
Gain-Bandwidth 
Product 
Vs = ± 15V, TA= 25'C 
3 
4 
2.7 
4 
MHz 


en 
Equivalent 
Input 
Noise 
Voltage 
TA = 25'C, 
Rs = 1000, 
25 
25 
nV/-JFfi- 


f= 
1 kHz 


in 
Equivalent 
Input 
Noise 
Current 
TA = 25'C, 
f = 1 kHz 
0.01 
0.01 
pA/y'Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 


Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA. 


Note 3: These devices are available in both the commercial 
temperature range O°CsTA s 70°C and the military temperature range - 55°C sTA s 125°C. The 


temperature range is designated by the position just before the package type in the device number. A "C" indicates the commercial temperature range and an 
"M" indicates the military temperature range. The military temperature range is available in "H" package only. 


Note 4: Unless otherwise specified, the specifications 
apply over the full temperature range and for Vs = ± 20V for the LF411A and for Vs = ± 15V for the 


LF411. VOS, IB, and 10S are measured at VCM =0. 


Note 5: The LF411A is 100% tested to this specification. 
The LF411 is sample tested to insure at least 90% of the units meet this specification. 


Note 6: The input bias currents are junction 
leakage currents which approximately 
double lor every 10°C increase in the junction 
temperature. Tl. Due to 


limited production 
test time, the input bias currents measured are correlated to junction 
temperature. In normal operation the junction 
temperature rises 


above the ambient temperature as a result of internal power dissipation, 
PO.Tj = TA + 0jA Po where 0jA is the thermal resistance from junction to ambient. Use 


of a heat sink is recommended if input bias current is to be kept to a minimum. 


Note 7: Supply voltage rejection 
ratio is measured for both supply magnitudes 
increasing 
or decreasing 
simultaneously 
in accordance 
with common 


practice. 
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Typical Performance Characteristics (Continued) 
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The LF411 series of internally 
trimmed JFET input op amps 
(BI-FET 
II™) 
provide 
very low 
input 
offset 
voltage 
and 
guaranteed 
input 
offset 
voltage 
drift. 
These JFETs have 
large reverse breakdown 
voltages 
from gate to source and 
drain eliminating 
the need for clamps 
across 
the inputs. 
Therefore, 
large differential 
input voltages 
can easily 
be 
accommodated 
without 
a large increase 
in input current. 


The maximum 
differential 
input voltage 
is independent 
of 
the supply voltages. 
However, neither of the input voltages 
should 
be allowed 
to exceed 
the negative 
supply 
as this 
will 
cause 
large currents 
to flow 
which 
can result 
in a 
destroyed 
unit. 


Exceeding 
the negative 
common-mode 
limit on either 
in- 


put will cause a reversal 
of the phase to the output 
and 
force 
the amplifier 
output 
to the corresponding 
high or 
low state. 
Exceeding 
the negative 
common-mode 
limit 
on both 
inputs 
will 
force 
the amplifier 
output 
to a high 
state. In neither case does a latch occur since raising 
the 
input 
back within 
the common-mode 
range again 
puts 
the input 
stage and thus the amplifier 
in a normal 
oper- 
ating 
mode. 


Exceeding 
the positive 
common-mode 
limit 
on a single 


input will not change the phase of the output; 
however, if 
both inputs 
exceed 
the limit, 
the output 
of the amplifier 
may be forced to a high state. 


UdllUYVIUlil 
CtIIU ::jlew rcHe may De aecreasea 
In tnls condI- 
tion. 
When 
the negative 
common-mode 
voltage 
swings 
to within 
3V of the negative 
supply, 
an increase 
in input 


offset 
voltage 
may occur. 


The LF411 is biased 
by a zener 
reference 
which 
allows 
normal 
circuit 
operation 
on 
± 4.5V 
power 
supplies. 
Supply 
voltages 
less than these may result 
in lower gain 


bandwidth 
and slew rate. 


The LF411 will drive a 2 kflload 
resistance 
to ± 10V over 


the full 
temperature 
range. 
If the amplifier 
is forced 
to 
drive heavier load currents, 
however, an increase 
in input 


offset 
voltage 
may occur 
on the negative 
voltage 
swing 


and finally 
reach an active 
current 
limit 
on both positive 
and negative 
swings. 


Precautions 
should 
be taken 
to ensure 
that 
the power 


supply 
for the integrated 
circuit 
never becomes 
reversed 


in polarity 
or that 
the unit 
is not inadvertently 
installed 


backwards 
in a socket 
as an unlimited 
current 
surge 
through 
the reSUlting 
forward 
diode 
within 
the IC could 


cause 
fusing 
of the internal 
conductors 
and result 
in a 


destroyed 
unit. 


As with 
most amplifiers, 
care should 
be taken 
with 
lead 
dress, 
component 
placement 
and supply 
decoupling 
in 


order to ensure 
stability. 
For example, 
resistors 
from the 
output 
to an input should 
be placed 
with the body close 


to the input to minimize 
"pick-up" 
and maximize 
the fre- 


quency 
of the feedback 
pole by minimizing 
the capaci- 


tance 
from the input to ground. 
. 


A feedback 
pole 
is created 
when 
the feedback 
around 
any amplifier 
is resistive. 
The 
parallel 
resistance 
and 
capacitance 
from the input of the device (usually 
the in- 


verting 
input) to AC ground 
set the frequency 
of the pole. 


In many 
instances 
the frequency 
of this 
pole 
is much 
greater 
than the expected 
3 dB frequency 
of the closed 


loop gain and consequently 
there 
is negligible 
effect 
on 


stability 
margin. 
However, 
if the feedback 
pole 
is less 


than approximately 
6times 
the expected 
3 dB frequency, 


a lead capacitor 
should 
be placed 
from the output 
to the 
input 
of the op amp. The value 
of the added 
capacitor 
should 
be such that the RC time constant 
of this capac- 


itor and the resistance 
it parallels 
is greater 
than or equal 
to the original 
feedback 
pole time constant. 
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LF412A/LF412 Low Offset, Low Drift 
Dual JFET Input Operational Amplifier 


~ 


BI.FET 
II™ 
Technology 


These devices 
are low cost, 
high speed, JFET input opera- 


tional 
amplifiers 
with 
very 
low 
input 
offset 
voltage 
and 


guaranteed 
input 
offset 
voltage 
drift. 
They 
require 
low 


supply 
current 
yet maintain 
a large gain 
bandwidth 
prod- 
uct 
and 
fast 
slew 
rate. 
In addition, 
well 
matched 
high 


voltage 
J FET input devices 
provide 
very low input 
bias and 


offset 
currents. 
LF412 
dual 
is pin 
compatible 
with 
the 
LM1558, 
allowing 
designers 
to immediately 
upgrade 
the 


overall 
performance 
of existing 
designs. 


These amplifiers 
may be used in applications 
such as high 


speed 
integrators, 
fast 
D/A converters, 
sample 
and hold 


circuits 
and many other 
circuits 
requiring 
low input 
offset 


voltage 
and drift, 
low input 
bias current, 
high input 
imped- 


ance, 
high slew 
rate and wide 
bandwidth. 


• 
Internally 
trimmed 
offset 
voltage 


• 
Input offset 
voltage 
drift 


• 
Low input bias current 


• 
Low input noise current 


• 
Wide gain bandwidth 


• 
High slew rate 


• 
Lowsupplycurrent 


• 
High input 
impedance 


• 
Low total 
harmonic 
distortion 
Av = 10, 


RL = 10k, Vo = 20 Vp-p, BW = 20 Hz-20 
kHz 


• 
Low llf noise corner 


• 
FastsettiingtimetoO.Ol% 


1 mV(max) 


lO/LV/OC(max) 


50pA 


O.OlpAJ~ 


3MHz(min) 


10V//Ls(min) 


1.8 mAJAmplifier 
10120 


<0.02% 


50Hz 


2/Ls 


Typical Connection 


RI 
LF412AMH/LF412MH, 
LF412ACH/LF412CH 
Metal 
Can Package 
LF412XYZ 


X 
indicates 
electrical 
grade 


Y 
indicates 
temperature 
range 
"M" 
for military 


"C" 
for commercial 


Z 
indicates 
package 
type 


"H" or"N" 


v· 


Note. Pin 4 connected to case. 


TOPVIEW 


Order Number 
LF412AMH, 
LF412MH, 


LF412ACH 
or LF412CH 
See NS Package 
H08B 


LF412ACN, 
LF412CN 
Dual-In-Line 
Package 


Order Number 
LF412ACN 
or LF412CN 
See NS Package 
N08A 


Absolute Maximum Ratings 


LF412A 
LF412 
H Package 
N Package 


Supply Voltage 
±22V 
±18V 
Power Dissipation 
670mW 
500mW 


Differential 
Input Voltage 
±38V 
±30V 
(Note3) 


Input Voltage 
Range 
±19V 
±15V 
Tj max 
150'C 
11S'C 
(Note 1) 
9jA 
150'CIW 
160'CIW 


Output 
Short Circuit 
Continuous 
Continuous 
Operating 
Temperature 
(Note 4) 
(Note 4) 
Duration 
(Note 2) 
Range 


Storage 
Temperature 
-6S'CsTAS1S0'C 
-6S'CsTAS1S0'C 
Range 


lead 
Temperature 
300'C 
300'C 


(Soldering,10seconds) 


DC Electrical Characteristics 
(Note 
5) 


Symbol 
Parameter 
Conditions 
LF412A 
LF412 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Input 
Offset 
Voltage 
Rs = 10 kll, TA= 25°C 
0.5 
1.0 
1.0 
3.0 
mV 


tNosJAT 
Average 
TC of Input 
Rs = 10 kll (Note 6) 
7 
10 
7 
20 
I'VioC 
Offset 
Voltage 
(Note 
6) 


Vs= 
±15V 
Tj = 25°C 
25 
100 
25 
100 
pA 


los 
Input 
Offset 
Current 
T=70°C 
2 
2 
nA 
(Notes 
5 and 7) 
Tj=125°C 
25 
25 
nA 


Vs= 
± 15V 
T=25°C 
50 
200 
50 
200 
pA 


IB 
Input 
Bias Current 
T=70°C 
4 
4 
nA 
(Notes 
5 and 7) 
Tj = 125°C 
50 
50 
nA 


RIN 
Input 
Resistance 
Tj=25°C 
1012 
1012 
Il 


Large Signal 
Voltage 
Vs= 
±15V, Vo= 
±10V, 
50 
200 
25 
200 
V/mV 


AVOL 
Gain 
RL=2k, 
TA=25°C 
Over Temperature 
25 
200 
15 
200 
V/mV 


Vo 
Output 
Voltage 
Swing 
Vs= 
±15V, 
RL=10k 
±12 
±13.5 
±12 
±13.5 
V 


VCM 


Input 
Common-Mode 
±16 
+19.5 
±11 
+14.5 
V 


Voltage 
Range 
-16.5 
-11.5 
V 


CMRR 
Common-Mode 
Rs:S 10k 
80 
100 
70 
100 
dB 
Rejection 
Ratio 


PSRR 
Supply 
Voltage 
(Note 
8) 
80 
100 
70 
100 
dB 
Rejection 
Ratio 


Is 
Supply 
Current 
3.6 
5.6 
3.6 
6.8 
mA 


AC Electrical Characteristics 
(Note 
5) 


Symbol 
Parameter 
Conditions 
LF412A 
LF412 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Amplifier 
to Amplifier 
TA- 25°C, f - 1 Hz-20 
kHz 
-120 
-120 
dB 
Coupling 
(Input 
Referred) 


SR 
Slew 
Rate 
Vs= 
±15V, 
TA=25°C 
10 
15 
8 
15 
VII's 


GBW 
Gain-Bandwidth 
Product 
Vs = ± 15V, TA= 25°C 
3 
4 
2.7 
4 
MHz 


en 


Equivalent 
Input 
Noise 
TA = 25°C, 
Rs = 100ll, 
25 
25 
nV/.jHZ 
Voltage 
f= 
1 kHz 


in 


Equivalent 
Input 
Noise 
TA= 25°C, f = 1 kHz 
0.01 
0.01 
pAl..{Hz 


Current 


Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, 
however, more than one should not be simultaneously 
shorted as the maximum 
junction 
temperature will be exceeded. 


Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6jA. 


Note 4: These devices are available in both the commercial 
temperature range O°CsTA.s lO°C and the military temperature range - 55°C .sTA.s 125"C. The 
temperature range is designated by the position just before the package type in the device number. A "C" indicates the commercial temperature range and an 
I'M" indicates the military temperature range. The military temperature range is available in "H" package only. 


Note 5: Unless otherwise specified, the specifications 
apply over the full temperature range and for Vs = ± 20V for the LF412A and for Vs = ± 15V for the 
LF4l2. VOS, IS, and 105 are measured at VCM =0. 
Note 6: The LF412A is 100% tested to this specification. 
The LF412 is sample tested on a per amplifier basis to insure at least 90% of the amplifiers meet this 
specification. 


Note 7: The input bias currents are junction 
leakage currents which approximately 
double for every 10°C increase in the junction 
temperature, Tj. Due to 
limited production 
test time, the input bias currents measured are correlated to junction 
temperature. In normal operation the junction 
temperature rises 


above the ambient temperature as a result of internal power dissipation, 
PO. Tj = TA + 8jA Po where8jA is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 


Note 8: Supply voltage rejection 
ratio is measured for both supply magnitudes 
increasing 
or decreasing 
simultaneously 
in accordance 
with common 
practice. 


Typical Performance 
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Typical Performance 
Characteristics 
(Continued) 
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The LF412 series of JFET input dual op amps are internally 
trimmed 
(BI·FET 
II™) 
providing 
very 
low 
input 
offset 


voltages 
and guaranteed 
input offset 
voltage 
drift. These 


JFETs have large reverse breakdown 
voltages 
from gate to 


source 
and drain eliminating 
the need for clamps 
across 
the inputs. Therefore, 
large differential 
input voltages 
can 


easily be accommodated 
without 
a large increase 
in input 


current. 
The maximum 
differential 
input voltage 
is inde· 


pendent of the supply voltages. 
However, neither of the in· 
put voltages 
should 
be allowed 
to exceed 
the negative 
supply 
as this will cause large currents 
to flow which can 
result in a destroyed 
unit. 


Exceeding 
the negative 
common·mode 
limit on either 
in- 


put will 
cause a reversal 
of the phase to the output 
and 
force 
the amplifier 
output 
to the corresponding 
high or 
low state. 
Exceeding 
the negative 
common-mode 
limit 


on both 
inputs 
will 
force 
the amplifier 
output 
to a high 


state. In neither 
case does a latch occur since raising 
the 
input 
back within 
the common-mode 
range 
again 
puts 


the 
input 
stage 
and 
thus 
the 
amplifier 
in 
a normal 


operating 
mode. 


Exceeding 
the positive 
common-mode 
limit 
on a single 
input will not change the phase of the output, 
however, if 
both inputs 
exceed 
the limit, 
the output 
of the amplifier 
may be forced 
to a high state. 


The amplifiers 
will 
operate 
with 
a common·mode 
input 
voltage 
equal 
to the positive 
supply; 
however, 
the gain 
bandwidth 
and slew rate may be decreased 
in this condi· 


tion. When 
the negative 
common·mode 
voltage 
swings 
to within 
3V of the negative 
supply, an increase 
in input 
offset 
voltage 
may occur. 


Each amplifier 
is individually 
biased by a zener reference 
which 
allows 
normal 
circuit 
operation 
on ± 4.5V power 
supplies. 
Supply 
voltages 
less than these 
may result 
in 
lower gain bandwidth 
and slew rate. 


The amplifiers 
will drive a 2 kn load resistance 
to ± 10V 
over the full temperature 
range. If the amplifier 
is forced 
to drive heavier load currents, 
however, an increase 
in in· 


put 
offset 
voltage 
may occur 
on the 
negative 
voltage 
swing 
and finally 
reach 
an active 
current 
limit 
on both 
positive 
and negative 
swings. 


quency 
of the feedback 
pole by minimizing 
the capaci- 


tance from the input to ground. 


A feedback 
pole is created 
when the feedback 
around 


any amplifier 
is resistive. 
The 
parallel 
resistance 
and 


capacitance 
from the input of the device (usually 
the in- 


verting 
input) to AC ground 
set the frequency 
of the pole. 


In many 
instances 
the frequency 
of this 
pole 
is much 


greater 
than the expected 
3 dB frequency 
of the closed 


loop gain and consequently 
there is negligible 
effect 
on 


stability 
margin. 
However, 
if the feedback 
pole 
is less 
than approximately 
6 times the expected 
3 dB frequency 


a lead capacitor 
should 
be placed 
from the output 
to the 


input 
of the op amp. The value of the added 
capacitor 


should 
be such that the RC time constant 
of this capaci- 


tor and the resistance 
it parallels 
is greater 
than or equal 


to the original 
feedback 
pole time constant. 


Precautions 
should 
be taken 
to ensure 
that 
the power 


supply 
for the integrated 
circuit 
never becomes 
reversed 


in polarity 
or that the unit 
is not inadvertently 
installed 


backwards 
in a socket 
as an unlimited 
current 
surge 


through 
the resulting 
forward 
diode within 
the IC could 


cause 
fusing 
of the internal 
conductors 
and result 
in a 


destroyed 
unit. 


Because 
these amplifiers 
are J FET rather than MOSFET 


input 
op amps they do not require 
special 
handling. 


As with most amplifiers, 
care should 
be taken with 
lead 


dress, 
component 
placement 
and supply 
decoupling 
in 


order to ensure stability. 
For example, 
resistors 
from the 


output 
to an input should 
be placed 
with the body close 


to the input to minimize 
"pick-up" 
and maximize 
the fre- 


T 


O 


. 
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LF441A/LF441 Low Power JFET 
Input Operational Amplifier 


The LF441 low power operational 
amplifier 
provides 
many 
of the same 
AC characteristics 
as the industry 
standard 
LM741 while 
greatly 
improving 
the DC characteristics 
of 
the 
LM741. 
The amplifier 
has the same 
bandwidth, 
slew 
rate, and gain (10 kG load) as the LM741 and only draws 
one 
tenth 
the supply 
current 
of the LM741. In addition 
the well 
matched 
high 
voltage 
JFET 
input 
devices 
of the 
LF441 
reduce 
the 
input 
bias 
and offset 
currents 
by a factor 
of 
10,000 over 
the 
LM741. 
A combination 
of careful 
layout 
design 
and 
internal 
trimming 
guarantees 
very low 
input 


offset 
voltage 
and voltage 
drift. 
The LF441 also 
has a very 
low 
equivalent 
input 
noise 
voltage 
for 
a 
low 
power 


amplifier. 


The LF441 
is pin compatible 
with 
the LM741 allowing 
an 


immediate 
10 times 
reduction 
in power 
drain 
in many 
ap- 


plications. 
The 
LF441 
should 
be used 
where 
low 
power 
dissipation 
and 
good 
electrical 
characteristics 
are the 
major 
considerations. 


-VEE 


BI_FET™ 
is a trademark 
of National 
Semiconductor 
Corp. 


~ 


BI.FET II™ 
Technology 


• 
1110supply 
current 
of a LM741 


• 
Low input bias current 


• 
Low input offset 
voltage 


• 
Low input offset 
voltage 
drift 


• 
High gain bandwidth 


• 
High slew rate 


• 
Low noise voltage 
for low power 


• 
Low input noise current 


• 
High input 
impedance 


• 
High gain Vo = ± 10V, RL = 10k 


200/,A(max) 


50pA(max) 


0.5mV(max) 


10/,V/OC(max) 


1 MHz 


1V//'s 


35 nV/-.jFfZ 


0.01 pA/-.jFfZ 


101~1 


50k(min) 


Connection Diagrams 


LF441AMH, 
LF441ACH/LF441CH 


Metal 
Can Package 


NC 


Order 
Number 
LF441AMH, 
LF441ACH 
or LF441CH 
See NS Package 
HOSB 


LF441ACN/LF441CN 
Dual-In-Line 
Package 


Ordering Information 


LF441XYZ 


X 
indicates 
electrical 
grade 


Y 
indicates 
temperature 
range 


"M" 
for military, 


"C" 
for commercial 


Z 
indicates 
package 
type 


"H" or"N" 


Order 
Number 
LF441ACN 


or LF441CN 
See NS Package 
NOSA 


Supply Voltage 
±22V 
±18V 
Power Dissipation 
670mW 
500mW 


Differential 
Input Voltage 
±38V 
± 30V 
(Note2) 


Input Voltage Range 
±19V 
±15V 
Tj max 
150"C 
115"C 
(Note 1) 
°jA 
150"C/W 
160"C/W 


Output Short Circuit 
Continuous 
Continuous 
Operating Temperature 
(Note 3) 
(Note 3) 


Duration 
Range 


Storage Temperature 
-65°C~TA==: 150°C 
-65"CsTAS150"C 


Range 


Lead Temperature 
300"C 
300"C 
(Soldering, 10 seconds) 


DC Electrical Characteristics 
(Note 4) 


Symbol 
Parameter 
Conditions 
LF441A 
LF441 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Input 
Offset 
Voltage 
R" = 10 kG, TA = 25"C 
0.3 
0.5 
1 
5 
mV 


Over Temperature 
7.5 
mV 


tNos/1!.T 
Average 
TC of Input 
Rs = 10 kG (Note 
5) 
7 
10 
10 
20 
p.V/"C 
Offset 
Voltage 


Vs= 
± 15V 
Ti=25"C 
5 
25 
5 
50 
pA 


los 
Input 
Offset 
Current 
T;=70"C 
1.5 
1.5 
nA 
(Notes 
4 and 6) 
Tj= 125°C 
10 
nA 


Vs= 
± 15V 
T; = 25°C 
10 
50 
10 
100 
pA 


16 
Input 
Bias Current 
(Notes 
4 and 6) 
Tj=70"C 
3 
3 
nA 


Tj= 
125"C 
20 
nA 


R1N 
Input 
Resistance 
Tj= 25°C 
1012 
1012 
G 


Large 
Signal 
Voltage 
Vs= 
±15V, 
Vo= 
±10V, 
50 
100 
25 
100 
V/mV 


AvoL 
RL = 10 kG, TA= 25"C 
Gain 
Over Temperature 
25 
15 
V/mV 


Vo 
Output 
Voltage 
SWing Vs= 
±15V, 
RL=10 
kG 
±12 
±13 
±12 
±13 
V 


VCM 
Input 
Common-Mode 
±16 
+18 
±11 
+14 
V 
Voltage 
Range 
-17 
-12 
V 


CMRR 
Common-Mode 
Rs:S 10 kG 
80 
100 
70 
95 
dB 
Rejection 
Ratio 


PSRR 
Supply 
Voltage 
(Note 
7) 
80 
100 
70 
90 
dB 
Rejection 
Ratio 


Is 
Supply 
Current 
150 
200 
150 
250 
p.A 


AC Electrical 
Characteristics 
(Note 
4) 


Symbol 
Parameter 
Conditions 
lF441A 
lF441 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


SR 
Slew 
Rate 
Vs= 
±15V, 
TA=25°C 
0.8 
1 
0.6 
1 
VII's 


GBW 
Gain-Bandwidth 
Product 
Vs= 
±15V, 
TA=25°C 
0.8 
1 
0.6 
1 
MHz 


en 
Equivalent 
Input 
Noise 
Voltage 


TA=25°C, 
Rs=1001l, 


35 
35 
nV/.JHZ 


f= 
1 kHz 


in 
Equivalent 
Input 
Noise 
Current 
TA=25°C,f=1 
kHz 
0.01 
0.01 
pA/~z 


Note 1: Unless otherwise 
specified 
the absolute 
maximum 
negative 
input voltage 
is equal to the negative 
power supply 
voltage. 


Not8 2: For operating 
at elevated 
temperature, 
these devices 
must be derated 
based on a thermal 
resistance 
of 0jA. 


Note 
3: The LF441A and LF441B are available 
in both the commercial 
temperature 
range O·CsTA s70·C 
and the military 
temperature 
range 
-55°C 


sTAS 
12SoC. The LF441 is available 
in the commercial 
temperature 
range only. The temperature 
range is designated 
by the position 
just before the package 
type in the device number. A "e" indicates 
the commercial 
temperature 
range and an ··M" indicates 
the military 
temperature 
range. The military 
temperature 
range is available 
in "H" package 
only. 


Note 4: Unless otherwise 
specified 
the specifications 
apply over the full temperature 
range and for Vs = ±20V for the LF441A/LF441 
Band forVS = ± 15V for 


the LF441. VOS, IB, and 10S are measured at VCM =0. 


Note 5: The LF441A is 100% tested 
to this specification. 


Note 6: The input 
bias currents 
are junction 
leakage 
currents 
which 
approximately 
double 
for every 1Q 
ee increase 
in the junction 
temperature, 
Tj. Due to 
limited 
production 
test time, 
the input 
bias currents 
measured 
are correlated 
to junction 
temperature. 
In normal 
operation 
the junction 
temperature 
rises 
above the ambient 
temperature 
as a result of internal 
power dissipation, 
PD. Tj = TA + 8jA Po where8jA 
is the thermal 
resistance 
from junction 
to ambient. 
Use 


of a heat sink is recommended 
if input bias current 
is to be kept to a minimum. 


Note 
7: Supply 
voltage 
rejection 
ratio 
is measured 
for 
both 
supply 
magnitudes 
increasing 
or decreasing 
simultaneously 
in accordance 
with 
com· 
mon practice. 
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This 
device 
is a low 
power 
op amp 
with 
an internally 
trimmed 
input 
offset 
voltage 
and JFET 
input 
devices 
(BI-FET II). These 
JFETs have large reverse breakdown 


voltages 
from 
gate to source 
and drain 
eliminating 
the 


need for clamps 
across 
the inputs. 
Therefore, 
large dif- 
ferential 
input 
voltages 
can 
easily 
be accommodated 
without 
a large increase 
in input current. 
The maximum 


differential 
input 
voltage 
is independent 
of the supply 
voltages. 
However, neither of the input voltages should be 
allowed 
to exceed the negative supply as this will cause 
large currents 
to flow which can result in a destroyed 
unit. 


Exceeding 
the negative 
common-mode 
limit on either in· 
put will cause a reversal 
of the phase to the output 
and 
force the amplifier 
output 
to the corresponding 
high or 
low state. 
Exceeding 
the negative 
common-mode 
limit 
on both 
inputs 
will 
force 
the amplifier 
output 
to a high 
state. In neither case does a latch occur since raising the 
input 
back within 
the common-mode 
range again 
puts 
the 
input 
stage 
and 
thus 
the 
amplifier 
in a normal 


operating 
mode. 


Exceeding 
the positive 
common·mode 
limit 
on a single 
input will not change the phase of the output; 
however, if 


both inputs 
exceed the limit, 
the output 
of the amplifier 


will be forced 
to a high state. 


The amplifier 
will 
operate 
with 
a common-mode 
input 


voltage 
equal 
to the positive 
supply; 
however, the gain 
bandwidth 
and slew rate may be decreased 
in this condi· 
tion. When the negative 
common·mode 
voltage 
swings 
to within 
3V of the negative 
supply, an increase 
in input 
offset 
voltage 
may occur. 


The amplifier 
is biased to allow 
normal circuit 
operation 


with 
power supplies 
of ± 3V. Supply 
voltages 
less than 


these may degrade 
the common·mode 
rejection 
and reo 


strict 
the output 
voltage 
swing. 


The amplifier 
will drive a 10 kfl load resistance 
to ± 10V 
over the full temperature 
range. 


Precautions 
should 
be taken 
to ensure 
that 
the power 
supply for the integrated 
circuit 
never becomes 
reversed 


in polarity 
or that the unit is not inadvertently 
installed 


backwards 
in a socket 
as an unlimited 
current 
surge 


through 
the resulting 
forward 
diode within 
the IC could 
cause fusing 
of the internal 
conductors 
and result 
in a 
destroyed 
unit. 


Because 
this 
amplifier 
is a JFET rather 
than 
MOSFET 
input op amp it does not require special 
handling. 


As with most amplifiers, 
care should 
be taken with lead 
dress, component 
placement 
and supply 
decoupling 
in 
order to ensure stability. 
For example, 
resistors 
from the 
output 
to an input should 
be placed with the body close 
to the input to minimize 
"pick-up" 
and maximize 
the fre· 
quency 
of the feedback 
pole by minimizing 
the capaci· 


tance from the input to ground. 


A feedback 
pole is created 
when the feedback 
around 
any amplifier 
is resistive. 
The parallel 
resistance 
and 
capacitance 
from the input of the device (usually 
the in· 
verting 
input to AC ground set the frequency 
of this pole. 


In many 
instances 
the frequency 
of this 
pole is much 
greater 
than the expected 
3 dB frequency 
of the closed 
loop gain and consequently 
there is negligible 
effect 
on 
stability 
margin. 
However, 
if the feedback 
pole is less 
than approximately 
6 times the expected 
3 dB frequency 


a lead capacitor 
should 
be placed from the output 
to the 


input 
of the op amp. The value of the added 
capacitor 
should 
be such that the RC time constant 
of this capac· 


itor and the resistance 
it parallels 
is greater than or equal 


to the original 
feedback 
pole time constant. 


Single 
supply 
(15V) 
operation. 


Runs 
on 
battery. 


Ideal 
for bench 
check 
of voltmeter 


accuracy. 


SOOk 
(TRIM TO 
DESIRED ACCURACY) 


R1 
11.7k 
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Semiconductor 
Operational Amplifiersl Buffers 


LF442A/LF442 Dual Low Power 
J FET Input Operational Amplifier 


The LF442 dual 
low power 
operational 
amplifiers 
provide 
many 
of 
the 
same 
AC 
characteristics 
as 
the 
industry 
standard 
LM1458 while 
greatly 
improving 
the DC charac· 
teristics 
of 
the 
LM1458. 
The 
amplifiers 
have 
the 
same 
bandwidth, 
slew 
rate, and gain (10 kflload) 
as the LM1458 
and only draw one tenth 
the supply 
current 
of the LM1458. 


In addition 
the well matched 
high voltage 
JFET 
input 
de· 
vices 
of the 
LF442 
reduce 
the 
input 
bias 
and offset 
cur· 
rents 
by a factor 
of 10,000 over the LM1458. A combination 
of careful 
layout 
design 
and internal 
trimming 
guarantees 
very low input 
offset 
voltage 
and voltage 
drift. 
The LF442 
also has a very low equivalent 
input 
noise voltage 
for a low 
power 
amplifier. 


The LF442 
is pin compatible 
with 
the LM1458 allowing 
an 
immediate 
10 times 
reduction 
in power 
drain 
in many ap· 
plications. 
The 
LF442 
should 
be used 
where 
low 
power 
dissipation 
and 
good 
electrical 
characteristics 
are the 
major 
considerations. 


~ 
~ 
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BI.FET 
II ™ 
Technology 


• 
1110supply 
current 
of a LM1458 


• 
Low input bias current 


• 
Low input offset 
voitage 


• 
Low input offset 
voltage 
drift 


• 
High gain bandwidth 


• 
High slew rate 


• 
Low noise voltage 
for low power 


• 
Low input 
noise current 


• 
High input 
impedance 


• 
HighgainVo= 
±10V,RL=10k 


400"Po 
(max) 


50pA(max) 


1 mV(max) 


10 I'VI'C 
(max) 


1 MHz 


1 VII'S 
35 nVlvIHZ 


0.01 pAlvIHZ 


1012fl 


50k(min) 


Ordering Information 


LF442XYZ 


X indicates 
electrical 
grade 


Y 
indicates 
temperature 
range 


"M" 
for military, 


"C" 
for commercial 


Z 
indicates 
package 
type 


"H" or"N" 


Simplified Schematic 


-1/2Dual 


Connection Diagrams 


LF442AMH, 
LF442ACH, 
LF442CH 
Metal 
Can Package 


v+ 


TOPVIEW 


Note. Pin 4 connected to case. 


Order 
Number 
LF442AMH, 
LF442ACH 
or LF442CH 
See NS Package 
H08B 


LF442ACN, 
LF442CN 
Dual·ln·Line 
Package 


TOPVIEW 


Order 
Number 
LF442ACN 
or LF442CN 
See NS Package 
N08A 


150'C 


150'CIW 


(Note 4) 


115'C 


160'CIW 


(Note 4) 


Tj max 


9jA 
Operating Temperature 


Range 


Storage Temperature 
Range 


Lead Temperature 


(Soldering, 10 seconds) 


Input Voltage Range 


(Note 1) 


Output Short Circuit 
Duration (Note 2) 


Symbol 
Parameter 
Conditions 
LF442A 
LF442 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Vas 
Input 
Offset 
Voltage 
Rs = 10 kfl. TA= 25·C 
0.5 
1.0 
1.0 
5.0 
mV 


Over Temperature 
7.5 
mV 


tNoslt!.T 
Average 
TC of Input 
Rs= 
10 kfl 
7 
10 
7 
p.VloC 


Offset 
Voltage 


Vs= 
± 15V 
Tj=25·C 
5 
25 
5 
50 
pA 


los 
Input 
Offset 
Current 
Tj=70·C 
1.5 
1.5 
nA 
(Notes 
5 and 6) 
Tj = 125·C 
10 
nA 


Vs= 
± 15V 
Tj=25·C 
10 
50 
10 
100 
pA 


Is 
Input 
Bias Current 
Tj=70·C 
3 
3 
nA 
(Notes 
5 and 6) 
Tj = 125°C 
20 
nA 


R1N 
Input 
Resistance 
Tj =25°C 
1012 
1012 
fl 


Large 
Signal 
Voltage 
Vs= 
±15V. 
Vo= 
±10V. 
50 
200 
25 
200 
VlmV 


AvoL 
Gain 
RL = 10 kfl. TA= 25°C 
Over Temperature 
25 
200 
15 
200 
VlmV 


Va 
Output 
Voltage 
Swing 
Vs = ± 15V. RL = 10 kfl 
±12 
±13 
±12 
±13 
V 


VCM 


Input 
Common-Mode 
±16 
+18 
±11 
14 
V 
Voltage 
Range 
-17 
-12 
V 


CMRR 
Common-Mode 
RS:510 kfl 
80 
100 
70 
95 
dB 
Rejection 
Ratio 


PSRR 
Supply 
Voltage 
(Note 
7) 
80 
100 
70 
90 
dB 
Rejection 
Ratio 


Is 
Supply 
Current 
300 
400 
400 
500 
p.A 


Symbol 
Parameter 
Conditions 
LF442A 
LF442 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Amplifier 
to Amplifier 
TA = 25°C. f = 1 Hz-20 
kHz 
-120 
-120 
dB 
Coupling 
(Input 
Referred) 


SR 
Slew 
Rate 
Vs = ± 15V, TA= 25°C 
0.8 
1 
0.6 
1 
Vlp.s 


GBW 
Gain-Bandwidth 
Product 
Vs = ± 15V. TA= 25°C 
0.8 
1 
0.6 
1 
MHz 


en 


Equivalent 
Input 
Noise 
TA= 25°C, Rs = 100fl, 
35 
35 
nVI,,'Hz 
Voltage 
f= 
1 kHz 


in 


Equivalent 
Input 
Noise 
TA= 25°C, f = 1 kHz 
0.01 
0.01 
pA/,,'"H·z 
Current 


Notes 


Note 1: Unless otherwise 
specified 
the absolute 
maximum 
negative input voltage is equal to the negative power supply voltage. 


Note 2: Any of the amplifier 
outputs can be shorted to ground indefinitely, 
however, more than one should not be simultaneously 
shorted as the maximum 
junction 
temperature 
will be exceeded. 


Not83: 
For operating 
at elevated temperature, 
these devices must be derated based on a thermal resistance 
of OjA. 


Note 4: These devices are available in both the commercial 
temperature 
range QOCsTA:5 700e and the military temperature 
range - 55°C:s TA:S 125°C. The 


temperature 
range is designated 
by the position just before the package type in the device number. A "e" indicates the commercial 
temperature range and an 
"M" indicates 
the military 
temperature 
range. The military 
temperature 
range is available in "H" package only. 


Note 5: Unless otherwise 
specified, 
the specifications 
apply over the full temperature 
range and for Vs = ± 20V for the LF442A and for Vs = ± 15V for the 
LF442. VOS. IS. and 10S are measured 
at VCM; 
O. 


Note 6: The input bias currents 
are junction 
leakage currents 
which approximately 
double for every 10°C increase in the junction 
temperature, 
Tj. Due to 


limited 
production 
test time, the input bias currents 
measured are correlated 
to junction 
temperature. 
In normal operation 
the junction 
temperature 
rises 


above the ambient temperature as a result of internal power dissipation, 
PD. Tj = TA + 0jA Po whereOjA is the thermal resistance 
from junction to ambient. Use 


of a heat sink is recommended 
if input bias current is to be kept to a minimum. 


Note 7: Supply voltage 
rejection 
ratio is measured 
for both supply 
magnitudes 
increasing 
or decreasing 
simultaneously 
in accordance 
with common 
practice. 


Typical Performance 
Characteristics 
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Pulse Response RL= 10 kG, CL= 10 pF 


Small Signal Inverting 


This device 
is a dual 
low power op amp with 
internally 


trimmed 
input 
offset 
voltages 
and JFET 
input 
devices 


(BI-FET II). These 
JFETs 
have large 
reverse 
breakdown 
voltages 
from 
gate to source 
and drain 
eliminating 
the 
need for clamps 
across 
the inputs. 
Therefore, 
large dif- 
ferential 
input 
voltages 
can 
easily 
be accommodated 
without 
a large increase 
in input current. 
The maximum 
differential 
input 
voltage 
is independent 
of the supply 


voltages. 
However, neither of the input voltages should be 
allowed 
to exceed the negative 
supply as this will cause 
large currents 
to flow which can result in a destroyed 
unit. 


Exceeding 
the negative 
common-mode 
limit on either in- 
put will cause 
a reversal 
of the phase to the output 
and 
force 
the amplifier 
output 
to the corresponding 
high or 
low state. 
Exceeding 
the negative 
common-mode 
limit 


on both 
inputs 
will 
force 
the amplifier 
output 
to a high 


state. In neither case does a latch occur since raising the 
input 
back within 
the common-mode 
range 
again 
puts 


the input stage 
and thus the amplifier 
in a normal 
oper- 
ating 
mode. 


Exceeding 
the positive 
common-mode 
limit 
on a single 
input will not change the phase of the output; 
however, if 
both inputs 
exceed the limit, 
the output 
of the amplifier 
will be forced 
to a high state. 


The amplifiers 
will operate 
with 
a common-mode 
input 
voltage 
equal 
to the positive 
supply; 
however, the gain 


bandwidth 
and slew rate may be decreased 
in this condi- 
tion. 
When the negative 
common-mode 
voltage 
swings 


to within 
3V of the negative 
supply, an increase 
in input 


offset 
voltage 
may occur. 


Each amplifier 
is individually 
biased to allow 
normal cir- 
cuit 
operation 
with 
power 
supplies 
of 
± 3.0V. Supply 


voltages 
less than these may degrade the common-mode 
rejection 
and restrict 
the output 
voltage 
swing. 


The amplifiers 
will drive a 10 kG load resistance 
to ± 10V 
over the full temperature 
range. 


Precautions 
should 
be taken 
to ensure 
that 
the power 
supply 
for the integrated 
circuit 
never becomes 
reversed 
in polarity 
or that the unit is not inadvertently 
installed 


backwards 
in a socket 
as an unlimited 
current 
surge 


through 
the resulting 
forward 
diode within 
the IC could 


cause 
fusing 
of the internal 
conductors 
and result 
in a 


destroyed 
unit. 


Because 
these amplifiers 
are JFET rather than MOSFET 
input op amps they do not require 
special 
handling. 


As with 
most amplifiers, 
care should 
be taken with 
lead 
dress, 
component 
placement 
and supply 
decoupling 
in 
order to ensure stability. 
For example, 
resistors 
from the 


output 
to an input should 
be placed with the body close 


to the input to minimize 
"pick-up" 
and maximize 
the fre- 


quency 
of the feedback 
pole by minimizing 
the capaci- 


tance from the input to ground. 


A feedback 
pole is created 
when the feedback 
around 
any amplifier 
is resistive. 
The parallel 
resistance 
and 


capacitance 
from the input of the device (usually 
the in- 


verting 
input) to AC ground 
set the frequency 
of the pole. 


In many 
instances 
the frequency 
of this 
pole 
is much 
greater 
than the expected 
3 dB frequency 
of the closed 


loop gain and consequently 
there is negligible 
effect 
on 
stability 
margin. 
However, 
if the feedback 
pole 
is less 


than approximately 
6 times the expected 
3 dB frequency 


a lead capacitor 
should 
be placed from the output 
to the 


input 
of the op amp. The value of the added 
capacitor 


should 
be such that the RC time constant 
of this capaci- 
tor and the resistance 
it parallels 
is greater than or equal 
to the original 
feedback 
pole time constant. 


Battery Powered Strip Chart Preamplifier 


TIME CONSTANT 


Runs from 9V batteries (± 9V supplies) 


Fully settable gain and time constant 


Battery powered supply allows direct 
plug-in interface 
to strip chart 


recorder without 
common-mode 
problems 


OUTPUTTO 


STRIP 
CHART 
t 1Jz04{ 


~50~10~ 
~Ok 


Trim 1M pot for 1 kHz fUll-scale output 


15 mW power drain 


No integrator 
reset FET required 


Mount 01 and 02 in close proximity 


1% linearity to 1 kHz 


• Tcontrol 
= 75°C 
15V 


• Al's output 


represents 
the 


amplified 
difference 
lOOk 


between the LM335 
temperature 
sensor 
and the crystal oven's 
temperature 


• A2, a free running 
duty cycle modulator, 
drives the LM395 to 
complete 
a servo loop 


• Switched 
mode 
operation yields high 
efficiency 


·1% metal film 
resistor 
10k 


-15V 


--, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
_____ 
..J 


~Ol 


l5V 
E,N 


OF~~~~I 
VOLTAGE 
AOJUST 


-15V 


EOUT= 
- 
[lOg 10 
~ ~:~~ 
+ 5] 


@;Tel 
Labstype081 


Trim 5k for 10 p.Athrough the 5k-120k 
combination 


·1% 
film resistor 


lOOk 
SCALE 
FACTOR 
AOJUST 


I 
E lOG INPUT o--'\IIIIr .J 


l5V 


50k ~ 
ZERO 
AOJUST 


-15V 


01,02,03 
are included on LM389 amplifier 


chip which is temperature-stabilized 
by the 
LM389 and 02-03, 
which act as a heater·sensor pair. 


01, the logging transistor, is thus immune to ambient 
temperature 
variation and requires no temperature compensation 
at all. 


~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


~ 


BI-FET II™ 
Technology 
LF444A/LF444 Quad Low Power J FET 
Input Operational Amplifier 


The LF444 quad low power operational 
amplifier 
provides 
many 
of 
the 
same 
AC 
characteristics 
as the 
industry 
standard 
LM148 while greatly 
improving 
the DC character- 
istics 
of the 
LM148. The amplifier 
has the same 
band- 
width, 
slew 
rate, and gain (10 kllioad) 
as the LM148 and 


only draws one fourth 
the supply 
current 
of the LM148. In 


addition 
the well matched 
high voltageJFET 
input devices 
of the LF444 reduce the input bias and offset 
currents 
by a 
factor 
of 10,000 over the LM148. The LF444 also has a very 
low 
equivalent 
input 
noise 
voltage 
for 
a 
low 
power 


amplifier. 


The LF444 is pin compatible 
with the LM148 allowing 
an 
immediate 
4 times 
reduction 
in 
power 
drain 
in 
many 
applications_ 
The 
LF444 
should 
be used 
wherever 
low 
power dissipation 
and good electrical 
characteristics 
are 
the major considerations. 


Ordering Information 


LF444XYZ 


X 
indicates 
electrical 
grade 


Y 
indicates 
temperature 
range 


"M" 
for military, 
"C" 
for commercial 


Z 
indicates 
package 
type "D" or "N" 


• 
1/4supplycurrentofaLM148 


• 
Low input bias current 


• 
High gain bandwidth 


• 
High slew rate 


• 
Low noise voltage 
for low power 


• 
Low input noise current 


• 
High input impedance 


• 
HighgainVo= 
±10V,RL=10k 


200 I'A/Ampl ifier (max) 


50pA(max) 


1 MHz 


W/l's 
35 nV/--jHZ 


0.01 pA/--jHZ 


10121l 


50k(min) 


LF444AM D/LF444CD/LF444ACN/LF444CN 


Dual·ln·Line 
Package 


Order Number 
LF444AMD 
or LF444CD 
See NS Package 
D14E 


Order Number 
LF444ACN 
or LF444CN 
See NS Package 
N14A 


Absolute 
Maximum 
Ratings 


LF444A 
LF444 
H Package 
N Package 


Supply 
Voltage 
±22V 
±1BV 
Power Dissipation 
gOOmW 
SOOmW 


Differential 
Input Voltage 
±3BV 
±30V 
(Note 3) 


Input Voltage 
Range 
±19V 
± 15V 
Tj max 
1S0·C 
11S·C 


(Note 1) 
8jA 
100·CIW 
1S0·CIW 
Output Short Circuit 
Continuous 
Continuous 
Operating 
Temperature 
(Note 4) 
(Note 4) 


Duration 
(Note 2) 
Range 


Storage 
Temperature 
-6S·C",TAS1S0·C 
-6S·C",TA"'1S0·C 


Range 


Lead Temperature 
300·C 
300·C 
(Soldering, 
10 seconds) 


DC Electrical 
Characteristics 
(Note 
5) 


Symbol 
Parameter 
Conditions 
LF444A 
LF444 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Input 
Offset 
Voltage 
Rs=10k, 
TA=25·C 
2 
5 
3 
10 
mV 
0·C:sTA:s70·C 
6.5 
12 
mV 
- 55·C :sTA:s 125·C 
8 
mV 


t!NosIAT 
Average 
TC of Input 
Rs= 
10 kG 
10 
10 
p.VI·C 
Offset 
Voltage 


Vs= 
± 15V 
TJ=25·C 
5 
25 
5 
50 
pA 


los 
Input 
Offset 
Current 
TJ-70·C 
1.5 
1.5 
nA 
(Notes 
5 and 6) 
Tj = 125·C 
10 
nA 


Vs= 
± 15V 
TJ = 25·C 
10 
50 
10 
100 
pA 
IB 
Input 
Bias Current 
TJ=70·C 
3 
3 
nA 
(Notes 
5 and 6) 
TI-125·C 
20 
nA 


RJN 
Input 
Resistance 
Tj = 25·C 
1012 
1012 
G 


Large Signal 
Voltage 
Vs= 
±15V, 
Vo= 
±10V, 
50 
100 
25 
100 
VlmV 
AVOL 
Gain 
RL = 10 kG, TA= 25·C 


Over Temperature 
25 
15 
VlmV 


Vo 
Output 
Voltage 
Swing 
Vs= 
± 15V, RL = 10 kG 
±12 
±13 
±12 
±13 
V 


VCM 


Input 
Common-Mode 
±16 
+18 
±11 
+14 
V 


Voltage 
Range 
-17 
-12 
V 


CMRR 
Common·Mode 


Rs:S 10 kG 
80 
100 
Rejection 
Ratio 
70 
95 
dB 


PSRR 
Supply 
Voltage 
(Note 7) 
80 
100 
70 
90 
dB 
Rejection 
Ratio 


's 
Supply 
Current 
0.6 
0.8 
0.8 
1.0 
mA 


;,ymoOl 
•...arameler 
\"UIIUIUUII:J 
Min 
Typ 
Max 
Min 
Typ 
Max 


Villi;:) 


Ampl 
ilier-to-Ampl 
il ier 
-120 
-120 
dB 
Coupiing 


SR 
Slew 
Rate 
Vs= 
±15V, 
TA=25°C 
1 
1 
VII's 


GBW 
Gain-Bandwidth 
Product 
Vs = ± 15V, TA = 25°C 
1 
1 
MHz 


en 
Equivalent 
Input 
Noise 
Voltage 
TA = 25°C, 
Rs = 100n, 


35 
35 
nV/.jF[Z 


1= 
1 kHz 


in 
Equivalent 
Input 
Noise 
Current 
TA = 25°C, 
1=1 
kHz 
0.01 
0.01 
pA/)Hz 


Note 1: Unless otherwise 
specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 


Note 2: Any of the amplifier 
outputs can be shorted to ground indefinitely, 
however, more than one should not be simultaneously 
shorted as the maximum 


junction 
temperature 
will be exceeded. 


Note 3: For operating at elevated temperature, 
these devices must be derated based on a thermal resistance 
of 0jA. 


Note 4: The LF444A is available in both the commercial 
temperature 
range DoC ::sTA ::S70"C and the military 
temperature 
range -55"C 
::sTA~ 125"C. The 
LF444 is available in the commercial 
temperature 
range only. The temperature 
range is designated by the position just before the package type in the device 
number. A "C" indicates the commercial 
temperature range and an "M" 
indicates the military temperature range. The military temperature 
range is available 
in "0" package only. 


Note 5: Unless otherwise 
specified 
the specifications 
apply over the full temperature 
range and for Vs = ±20V for the LF444A and for Vs = ± 15V for the 
LF444. Vas, 
lB, and IOS are measured at VCM = o. 


Note 6: The input bias currents are junction 
leakage currents which approximately 
double for every 1Q°C increase in the junction 
temperature, 
Tj. Due to 
limited 
production 
test time, the input bias currents 
measured are correlated 
to junction 
temperature. 
In normal operation the junction 
temperature 
rises 
above the ambient temperature as a result of internal power dissipation, 
PD. Tj = TA + OjAPo whereOjA is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended 
if input bias current is to be kept to a minimum. 


Note 7: Supply 
voltage 
rejection 
ratio 
is measured 
for both supply 
magnitudes 
increasing 
or decreasing 
simultaneously 
in accordance 
with 
com- 
mon practice. 


Typical Performance 
Characteristics 


Input 
Bias 
Current 
Input 
Bias 
Current 
Supply 
Current 


40 
10k 
1000 
I 
Vs=±15V 
; 
TA= 25°C 
VCM OV 
/ 
I 
30 
; 
Vs=±15V 
800 
~ 
/' 
lk 
1 
12JoC 
! 


/' 
~ 
z 
~ 
20 
w 
z 
600 
/ 
= 
w 
= 
/ 
= 
25°C 
=> 
100 
= 
~ 
/ 
~ 
=> 
.. 
10 
~ 
~ 
-55°C 
a; 
V 
.. 
/ 
~ 


400 
~ 
a; 


~ 
, 
~ 
10 
0 


=>~ 
200 
z 
./ 


-10 
1 
0 


-10 
-5 
0 
5 
10 
-50 
-25 
0 
25 
50 
75 
100 125 
0 
5 
10 
15 
20 
25 


COMMON-MODEVOLTAGEIV) 
TEMPERATURE 
1°C) 
SUPPLYVOLTAGE(±VI 


Positive 
Common-Mode 
Negative 
Common-Mode 


Input 
Voltage 
Limit 
Input 
Voltage 
Limit 
Positive 
Current 
Limit 


25 
-25 
15 


-55°C:sTA:s125°C 
-55°C"TA,,125°C 
•... 
VSI~±115V 
w- 
20 
w_ 
-20 
~ ~ 
~~ 
~=: 
'" 
-...,~ 
'oL 
.. 
,n: 
:E~ 
5 
z~ 
V 
z:E 
/ 
10 
o~ 
15 
~~ 


-15 
>- 


~~ 


:Ew 
V 
/ 
!;~ 
, 
(1'0 
C' 
:E'" 
~'" 
'fh 
C' 
~ 
8~ 
0" 
1/ 
~z 


wO 
10 
/ 
~~ 
-10 
g~ 
<' 
\ 
\ 
» 
/ 
~~ 


E~ 
~~ 
5 
V 
;::: 
,\ 
~~ 
5 
wz 
-5 
in 
z- 
/ 
~ 


0 
0 
0 
\ \ 


0 
5 
10 
15 
20 
25 
0 
-5 
-10 
-15 
-20 
-25 
0 
1 
2 
3 
4 
5 
6 
7 
8 


POSITIVESUPPLYVOLTAGEIV) 
NEGATIVESUPPLY 
OUTPUTSOURCECURRENT(mAl 


VOLTAGEIV) 


.. 
." 
30 


~ 
" 


Vs= 
±15V 
Rl=10k 
Vs= 
±15V 


... 
40 
- 55°C" 
T." 
125°C 
25 
T.=25°C 


'".. 
V 
S 
~ 
... 
... 
"'- 
"'- 
20 
LL 
>_-10 
.. ~ 
.. ~ / 


•...> 
\'~~ 


~a. 
30 
~o.. 
..J 
"'- 
~~ 
~~ 
"-", 
15 
~:i!: 
".~ 
•... '" 
•... '" 
"'z 
20 
"'z 
~~ 
~\I.t~ ~ 
~! 
"-3 
> 
-5 - ---f\J \0-. 


~(I) 
10 
~ 
0 


ffi 
10 
5 
z 
1\' 
0 
0 
0 
0 
5 
10 
15 
20 
0 
5 
10 
15 
20 
25 
1 
10 
100 


OUTPUT SINK CURRENT (mA) 
SUPPLY VOLTAGE(±V) 
Rl-OUTPUT 
LOAD (kG) 


Gain 
Bandwidth 
Bode 
Plot 
Slew 
Rate 


1.75 
30 
150 
2.0 


I 
I 
Vs= 
±15V 
Vs- 
±15V 
Vs= 
±15V 


1.5 
Rl=10k 
20 
Rl=10k 
100 
Rl=10k 


FA~L1NGI- 


Cl=100 
pF 
....• 
Cll=ll~O 
pF 
1.5 
Av=l 
-I-- 
I'.. 
~ 


z ~ 1.25 
10 
50 
:z: 
.::- 
~~ 
r---.."" 
'" 
~ 
PHASE 
~ 
~ 
RISING 
~ 
... 


~~ 
1.0 
z 
0 
0 
0 
~ 
1.0 
...•._-- 
GAiN' 


m 
~ 
'" 
§~ 
" 
~ 
:a 0.75 
-10 


III 


-50 ~ 
0.5 


0.5 
-20 


III 


-100 


0.25 
-30 
-150 
0 


-50 
-25 
0 
25 
50 
75 
100 
125 
0.1 
1 
10 
-50 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE (OC) 
FREQUENCY (MHz) 
TEMPERATURE 1°C) 


Distortion 
vs Frequency 


2.5 ~ft·20VPP 
~ 
2.0 
..."'- 
.. ~ 
z 
!:Jo.. 


0 
1.5 
-I 
1- 
-I-- 
~~ 


~ 


•... '" 


Vs= 
±15V 
"'z 


1.0 
::;;: 


c; 
T.=25°C 
AV-l00/ 
g'" 


0.5 
I 
y 


1 
I./Av=10 
~ 
~ 
0 


10 
100 
lk 
10k 


FREQUENCY (Hz) 


Common-Mode 
Rejection 
Ratio 


160 


~' 


140 


~ 
140 r-..... 
z 
120 
;:: 


..••...VCM 
10k,:, 


0 


~ 
120 
.•..•.. 
t; 
100 


~ ~ 
100 
;;j- 
"'~ 
80 
i~ 
80 
"- 
~S! 


z'" 
Vs= 
±15V 
"- 
~~ 
60 


0 
60 
Rl=10k 
...... 


:E 
T.=25°C 
'" 
40 


~ 
40 
~ 
CMR~ = 20' LOG~ 
+ OPEN LOOP 
lC 
20 


VOLTAGEGAIN VCM 
20 


Undistorted 
Output 
Voltage 
Swing 


Vs- 
±15V 
Rl=10k 


T.=25°C 


AV=l 


1\<1% D1ST 


Power 
Supply 
Rejection 
Ratio 


VS=±15V 
T.=25°C 


I 


+SUJLY- 


- SUPPLY " 
'" 


....•"- 


100 
lk 
10k 
lOOk 
1M 


Open 
Loop 
Frequency 


Response 


Rl=JOk 
VS= 
±15V 
T.=25°C 
~ 
120 


~ co 100 
>~~i" 
80 


~~ 
60 


~ 
40 


Equivalent 
Input 
Noise 


Voltage 


70 


... 
60 
'" 
~~ 


50 
~;;40 
:!:.e. 
....... 
30 
z'" 
....• 
~!:i 
>0 
20 
5> 
5l 
10 


0 
10 
100 
lk 
10k 
lOOk 


Output 
Impedance 


1k 
1M 
~~ 
zC'" 
w 
'"c 
100k 
~ 
0> 
D.-o9z 
* 
10k 


Inverter Settling 
Time 


10 


S 100 


w'-' 
~ 
10 
~~ 
•... 
~ 
_ 
0.1 


Rl 
10k 


I 
I 
I 
-WC 
J 


~25°C 


125°f 


This device is a quad low power op amp with JFET input 
devices 
(BI·FET). These JFETs have large reverse break· 


down voltages 
from gate to source and drain eliminating 
the need for clamps across the inputs. Therefore, 
large dif· 
ferential 
input 
voltages 
can 
easily 
be accommodated 
without 
a large increase 
in input 
current. 
The maximum 
differential 
input 
voltage 
is independent 
of the 
supply 


voltages. 
However, neither of the input voltages 
should be 


allowed 
to exceed the negative 
supply 
as this will cause 
large currents 
to flow which can result in a destroyed 
unit. 


Exceeding 
the negative 
common-mode 
limit on either in· 


put will 
cause a reversal 
of the phase to the output 
and 


force 
the amplifier 
output 
to the corresponding 
high or 


low state. 
Exceeding 
the negative 
common·mode 
limit 


on both 
inputs 
will 
force 
the amplifier 
output 
to a high 


state. In neither case does a latch occur since raising 
the 
input 
back within 
the common·mode 
range 
again 
puts 


the 
input 
stage 
and 
thus 
the 
amplifier 
in a normal 


operating 
mode. 


Exceeding 
the positive 
common·mode 
limit 
on a single 
input will not change 
the phase of the output; 
however, if 
both inputs 
exceed 
the limit, 
the output 
of the amplifier 
will be forced 
to a high state. 


The amplifiers 
will 
operate 
with 
a common-mode 
input 


voltage 
equal 
to the positive 
supply; 
however, 
the gain 
bandwidth 
and slew rate may be decreased 
in this condi· 
tion. 
When the negative 
common·mode 
voltage 
swings 
to within 
3V of the negative 
supply, an increase 
in input 


offset 
voltage 
may occur. 


Each amplifier 
is individually 
biased to allow 
normal 
cir· 
cuit 
operation 
with 
power 
supplies 
of 
± 3.0V. Supply 


voltages 
less than these may degrade the common-mode 
rejection 
and restrict 
the output 
voltage 
swing. 


The amplifiers 
will drive a 10 kflload 
resistance 
to ± 10V 


over the full temperature 
range. If the amplifier 
is forced 


to drive 
heavier 
load currents, 
however, 
an increase 
in 
input 
offset 
voltage 
may occur 
on the negative 
voltage 
swing 
and finally 
reach an active 
current 
limit 
on both 
positive 
and negative 
swings. 


Precautions 
should 
be taken 
to ensure 
that 
the power 
supply 
for the integrated 
circuit 
never becomes 
reversed 


in polarity 
or that 
the unit 
is not inadvertently 
installed 
backwards 
in a socket 
as an unlimited 
current 
surge 
through 
the resulting 
forward 
diode 
within 
the IC could 
cause 
fusing 
of the internal 
conductors 
and result 
in a 


destroyed 
unit. 


Because 
these amplifiers 
are JFET rather than MOSFET 
input 
op amps they do not require 
special 
handling. 


As with most amplifiers, 
care should 
be taken with 
lead 
dress, 
component 
placement 
and supply 
decoupling 
in 
order to ensure stability. 
For example, 
resistors 
from the 
output 
to an input 
should 
be placed 
with the body close 
to the input to minimize 
"pick·up" 
and maximize 
the fre- 
quency 
of the feedback 
pole by minimizing 
the capaci· 
tance from the input to ground. 


A feedback 
pole is created 
when 
the feedback 
around 
any amplifier 
is resistive. 
The 
parallel 
resistance 
and 


capacitance 
from the input of the device (usually 
the in- 
verting 
input) to AC ground 
set the frequency 
of the pole. 


In many 
instances 
the frequency 
of this 
pole 
is much 
greater 
than the expected 
3 dB frequency 
of the closed 
loop gain and consequently 
there is negligible 
effect 
on 
stability 
margin. 
However, 
if the feedback 
pole 
is less 


than approximately 
6 times the expected 
3 dB frequency 
a lead capacitor 
shouid 
be placed 
from the output 
to the 
input 
of the op amp. The value 
of the added 
capacitor 
should 
be such that the RC time constant 
of this capac i- 
tc.r and the resistance 
it parallels 
is greater than or equal 
to the original 
feedback 
pole time constant. 


~OPF** 


- 
- 
- 
-3 
pH 
+ 
PROBE.=..-.:t" 
- 
Al - 


INPUT 
~ 
1/4LF444 
2 


'* '* Polystyrene 
* Film resistor type RN60e 


To calibrate, 
insert 


probe in pH = 7 
solution. Set "temp" dial 
to solution temperature, 
then, set "calibrate" 
dial 


so output read 7V. 


Typical probe = 
Ingold Electrodes 
#465·35 


lk 
TEMP 


(CALIBRATE 
0°C-l00°CI 


~ 


l••••lUT 


'.' .. 
'., 
.".,' 
-. 


BI·FET 
Technology 


LF13741 Monolithic JFET Input Operational Amplifier 


General 
Description 


The LF13741 
is a 741 with 
BI-FET 
input followers 
on 


the same die. Familiar 
operating characteristics 
- 
those 


of a 741 - 
with 
the added advantage of low input 
bias 


current 
make 
the 
LF13741 
easy to 
use. Monolithic 


fabrication 
makes th is "drop-in-replacement" 
operational 


amplifier 
very economical. 


Applications 
in 
which 
the 
LF13741 
excels are those 


which 
require low bias current, 
moderate speed and low 


cost. A few examples include high impedance transducer 
amplifiers, 
photocell 
amplifiers, 
buffers 
for high impe- 
dance, slow 
to moderate speed sources and buffers 
in 


sample·and·hold 
type 
systems where leakage from 
the 


hold capacitor node must be kept to a minimum. 


Systems 
designers 
can 
take 
full 
advantage 
of 
their 


knowledge of the 741 when designing with the LF 13741 
to achieve extremely 
rapid "design times." The LF13741 


can also be used in existing sockets to make the "error 
budget" 
for 
input 
bias andlor offset currents negligible 


and in many cases eliminate 
trimming. 
For higher speed 


and lower 
noise use the 
LF155, 
LF156, 
LF157 
series 


of BI-FET operational 
amplifiers. 


• 
Low input bias current 
50 pA 


• 
Input common-mode 
range to positive supply voltage 


• 
Low input noise current 
0.01 pA/y'HZ 


• 
High input impedance 
5 x 1011n 


• 
Familiar operating characteristics 


• 
FET inputs - 741 operating characteristics 


• 
Low cost 


• 
Easeof use 


• 
Standard supplies 


• 
Standard pin outs 


• 
Non-rectifying 
input for RF environment 


• 
Rapid "design time" 


• 
Smoke detectors 


• 
I to V converters 


• 
High impedance buffers 


• 
Low drift 
sample and hold circuits 


• 
High input impedance, slow comparators 


• 
Long time timers 


• 
Low drift 
peak detectors 


• 
Supply current monitors 


• 
Low error budget systems 


Supply Voltage 
Power Dissipation 
(Note 1) 


Operating Temperature 
Range 


Tj(MAX) 
Differential 
Input Voltage 


±18V 
500 mW 
O°C to +70°C 


100°C 


±30V 


Input Voltage Range (Note 2) 
±16V 


Output 
Short Circuit 
Duration 
Continuous 


Storage Temperature 
Range 
--u5°C to +150°C 


Lead Temperature 
(Soldering, 10 seconds) 
300°C 


DC Electrical Characteristics 
(Note 3) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VOS 
Input Offset Voltage 
RS=10kn,TA=25°C 
5 
15 
mV 


Over Temperature 
20 
mV 


Voltage Offset Adjustment 
10 
mV 


Range 


toVOS/toT 
Average TC of Input Offset 
RS = 10 kn 
10 
jJ.vfc 


Voltage 


10S 
Input Offset Current 
Tj = 25°C, (Notes 3, 4) 
10 
50 
pA 


Tj -:::;70°C 
2 
nA 


IB 
Input Bias Current 
Tj = 25°C, (Notes 3, 4) 
50 
200 
pA HI 
Tj -:::;70°C 
1.6 
8 
nA 


RIN 
Input Resistance 
Tj = 25°C 
5 x 1011 
n 


AVOL 
Large Signal Voltage Gain 
VS=±15V, 
TA = 25°C 
25 
100 
V/mV 


Vo = ±10V, 
RL = 2 kn 


Over Temperature 
15 
V/mV 


Vo 
Output 
Voltage Swing 
Vs = ±15V, 
RL = 10 kn 
±12 
±13 
V 


VCM 
Input Common·Mode 
Voltage 
Vs = ±15V 
±11 
+15.1 
V 


Range 
-12 
V 


CMRR 
Common-Mode 
Rejection 
Ratio 
RS-:::;10 kn 
70 
90 
dB 


PSRR 
Supply Voltage Rejection 
Ratio 
(Note 5) 
77 
96 
dB 


IS 
Supply Current 
2 
4 
mA 


AC Electrical Characteristics 
(Note 3) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


SR 
Slew Rate 
VS=±15V, 
TA=25°C 
0.5 
V/jJ.s 


GBW 
Gain-Bandwidth 
Product 
Vs = ±15V, TA = 25°C 
1.0 
MHz 


en 
Equivalent 
Input Noise Voltage 
TA = 25°C, RS = 100 n 


f= 
100 Hz 
50 
nV/.j"Hz 


f = 1000 Hz 
37 
nV/.j"Hz 


in 
Equivalent 
Input Noise Current 
Tj = 25°C 


f = 100 Hz 
0.01 
pA/.j"Hz 


f = 1000 Hz 
0.01 
pA/.j"Hz 


Not8 
1: 
For operating 
at elevated 
temperature, 
the 
device 
must 
be derated 
based 
on a thermal 
resistance 
of 
150°C/W 
junction 
to ambient 
or 
45°C/W 
junction 
to case. 


Note 
2: 
Unless 
otherwise 
specified 
the absolute 
maximum 
negative 
input voltage 
is equal to the negative 
power 
supply 
voltage. 


Note 
3: 
These 
specifications 
apply 
for Vs = ±15V 
and O°C $. TA$. 
+70 


Qc. 
Vas. lB. and 
10S 
are measured 
at VCM = O. 


Note 
4: 
The 
input 
bias currents 
are junction 
leakage currents 
which 
approximately 
double 
for every 100e 
increase in the junction 
temperature, 
Tj. Due to limited production test time, the input bias currents measured are correlated to junction temperature. 
In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, PD. Tj = T A 
+ 0jA 
PD where 0jA 
is the thermal resis- 
tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 


Note 5: 
Supply Voltage Rejection 
Ratio 
is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with 
common practice. 
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Typical Performance 
Characteristics 
(Continued) 


Common-Mode 
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Bode Plot 
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Small Signal Inverting 
Pulse Response 
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bipolar 
to 
a FET 
input 
op amp easy. As a systems 
designer 
you 
are 
probably 
very 
familiar 
with 
the 
operating characteristics of a 741 op amp. In fact, many 
of you have used 741s with 
FET input followers-that's 
just 
what the LF13741 
is, but it's all on a single die. 


When you need a low cost, reliable, well known op amp 
with 
low 
input 
currents 
and moderate speed, use an 
LF13741. 


You 
don't 
have to 
use clamps across the 
inputs 
for 
differential 
input 
voltages of less than 40V. 
The input 
JFET's 
of 
the 
LF13741, 
in 
addition 
to 
being well 


matched, 
have large reverse breakdown 
voltages from 


gate to source and drain. 


With the LF13741 (unlike the normal 741) you can take 
both 
inputs above the positive supply voltage by more 
than 
0.1V 
before 
the 
amplifier 
ceases to 
function. 
This feature enables you to use the LF 13741 to monitor 
and/or 
limit 
the current 
from 
the same supply used to 
power it (seetypical appl ications). 


If you exceed the positive common-mode voltage limit 
on only one input the output 
phase will remain correct. 


When you exceed the limit 
on both inputs, the output 
phase is unpredictable. 


NEGATIVE 
INPUT 
COMMON·MODE 
VOLTAGE 


LIMIT 


1. The 
range 
between 
the 
negative 
common·mode 


voltage limit and the negative supply voltage. 


2. Voltages which 
are more negative than the negative 
supply voltage. 


If you 
take only 
one of 
the 
inputs 
of 
the LF 13741 


into the first range, the output phase will remain correct. 
When you take both 
inputs into this range the output 
will go toward the positive supply voltage. 


If you force either or both of the inputs into the second 
range, an internal diode will be turned "ON." 
Unless you 


externally 
limit 
the diode current 
to about 
1 mA, the 


device 
will 
be destroyed. 
In 
either 
case, limited 
or 
unlimited 
input current, you cannot predict the output. 


You 
do 
not 
have to 
take 
any special precautions 
in 
handling the LF13741. 
It hasJFET, as opposed to fragile 
MOSFET, inputs. 


You 
should 
never: reverse the power 
supplies to 
the 
LF 13741; plug a part in backwards in a powered socket 


Anyone 
of these supply conditions 
will forward bias an 
internal 
diode. 
If you have not externally 
limited 
the 
resulting current, the device will be destroyed. 


To ensure stability 
of 
response you 
should 
take care 
with 
lead dress, component placement and power supply 
decoupling. 
For example, the body of feedback resistors 


(from output 
to input 
pins) should be placed close to 
the inverting input pin. Noise "pickup" 
and capacitance 


to ground from the input pin will be minimized-effects 
which are usually desirable. 


Because of 
the 
very 
low 
input 
bias currents 
of 
the 
LF13741, 
special care should be taken in printed circuit 
board layouts to prevent unnecessary leakage from the 
input nodes, (seetypical applications). 


You 
create a feedback 
pole when you 
place resistive 
feedback 
around 
an amplifier. 
The parallel 
resistance 
and capacitance from 
the input 
of the device (usually 
the inverting 
input) 
to ac ground set the frequency of 
the pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and there is negligible effect on stability 
margin. 
However, 
if 
the 
feedback 
pole 
is less than 
approximately 
six times the expected 3 dB frequency, 
(a distinct 
possibility 
when 
using FET 
op amps) you 
should 
place a lead capacitor from 
the output 
to the 


input 
of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capaci· 
tor and the resistance it parallels is greater than or equal 
to the original 
feedback pole time constant (Figure 1). 


Parasitic 
input 
capacitance 
Cl 
;;,: (3 pF 
for 
LF13741 
plus 
any 


additional 
layout 
capacitance) 
interacts 
with 
feedback 
elements 


and creates undesirable high frequency 
pole. To compensate, 


add C2 such ,ha': 
R2C2 
'" R 1Cl. 


Typical Applications 
(Continued) 


Circuits 
Using Guard 
Rings to Prevent 
Leakage 
Currents 
Between 
Inputs and V- 


Guarded Inverting Amplifier 


R2 
lOOk 


V- 
Rl 
V+ 
10k 


VIN 
VOUT 
RJ 
10k 


v+ 
R4 
V- 


RG 
lOOk 
lOOk 


DC REFERENCE 
VOLTAGE 
RS 
OR GROUND 
10k 


V- 


v+ 


VIN 
Rt 
• 
CMRR depends upon R1-R3, 
R2-R4 
matching 


• 
Trim R4 to boost CMRR 


• 
RS, R6 5% resistors 


~ 
Typical Applications 
(Continued) 
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• 
With the output 
having a 10k load resistor minimum 
pulse 
width 
to zero ll:::800 J,lS 


• 
The capacitor on the output reduces the output 
switch glitch 


1/4 LF13333 


V· 


15V 


---~ 


R 
10M 


11 AOJUST 


c*T 


48 -VS 


2VS -78 


• 
'OUTPUT 
LOW'" 
R2C Qn 


• 
Time = 
VTHRESHOLO 


11 


• 
Output 
goes high on time out 


• 
Reverse op amp inputs for output Iowan 
time out 


• 
C1 low leakage capacitor 


where 
Vs = V+ + IV-I 


* low leakage capacitor 


n 


DOWN 


16 
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1/4 LF13333 
4-= 
I 
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HOLD 
~s 
9 
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y- 
y+ 
5 
12 


11/4 LF13333 
I 
I 
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RESET 
J.S 
Y 
STEP 


1114 LF13333 


y- 


• 
VOUT 
switches 
high when 
RSIS > Vo 
( 
VGS) 2 
• 
VREF = 101P' + Rl + R21, 10 '" lOSS l-y-;: 


• 
Trim 250k potentiometer 
for drift adjust 


• 
Trim lOOk potentiometer 
for VREF 
adjust 


Supply Current Monitor 


IS-- 


Rl 
Vo = 5 
(VirnA 
of ISI 
R2 


Rl, R2. R3: 0.1% resistors 


Use LF13741 
for low 'B 


~R/ 
RECOVERY 


TIME 
AOJUST 
-= 


RR 


RECOVERY 
TIME 
-= 
AOJUST 


• 
By adding 01 
and Rf, VOl 
= 0 during hold mode. 
Leakage of 
D2 provided 
by feedback path through 
Rf. 


• 
Leakage of circuit 
is IB plus leakage of Ch. 


• 
03 clamps VOUT 
A 1 to V I N - 
V 03 
to improve 
speed and to 
limit 
the 
reverse 
bias of 02. 


• 
Maximum input frequency should be« 
1/2rrRfC02. 
where 
C02 
is the shu nt capacitance 
of 02. 


* Low lea kage capacitor 


-= 
IFULL 
SCALE 
RF 
RB 


100 nA 
15M 
1.5M 
500 nA 
300k 
300k 
lp.A 
300k 
0 
5p.A 
60k 
0 
10p.A 
30k 
0 
50p.A 
6k 
0 
l00p.A 
3k 
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Order Number LF13741N 


See 
NS 
Package 
NOSB 


V- 
Order Number lF13741H 
SeB NS Package HOSC 


LM10/LM10B(L)/LM10C(L) Op Amp and Voltage Reference 


The LM10 series are monolithic 
linear ICs consisting of a 
precision 
reference, an adjustable 
reference buffer 
and 
an independent, 
high quality 
op amp. 


The unit can operate from 
a total 
supply voltage as low 
as 1.1V or as high as 40V, drawing only 270J1A. A com- 
plementary 
output 
stage swings within 
15 mV of the 
supply 
terminals 
or will 
deliver ±20 mA output 
current 
with 
±O.4V saturation. 
Reference output 
can be as low 
as 200 mV. Some other characteristics 
of the LM10 are 


• 
input-offset 
voltage 


• 
input-offset 
current 


• 
input-bias current 


• 
reference regulation 


• 
offset-voltage 
drift 


• 
reference drift 


2.0 mV (max) 


0.7 nA (max) 


20 nA (max) 


0.1% Imax) 


2J1V/oC 


0.002%/oC 


The circuit 
is recommended 
for portable equipment 
and 
is completely 
specified for operation 
from a single power 
cell. 
In 
contrast, 
high 
output-drive 
capability, 
both 
voltage 
and current, 
along with 
thermal 
overload 
pro- 
tection, 
suggest 
it 
in 
demanding 
general-purpose 
appl ications. 


The device is capable of operating 
in a floating 
mode, 


independent of fixed supplies. It can function 
as a remote 
comparator, 
signal conditioner, 
SCR controller 
or trans- 
mitter 
for analog signals, delivering 
the processed signal 
on the same line used to supply power. 
It is also suited 
for 
operation 
in a wide range of voltage· and current- 
regulator 
applications, 
from 
low 
voltages 
to 
several 


hundred 
volts, providing 
greater precision than existing 


ICs. 


This series is available in the three standard temperature 
ranges, with 
the commercial 
part having relaxed limits. 


In addition, 
a low-voltage 
specification 
(suffix 
"L") 
is 
available 
in 
the 
limited 
temperature 
ranges at a cost 
savings. 
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V- 


TOP VIEW 


Order 
Number 
LM10H, 
LM10BH, 
LM10CH, 


LM10BLH 
or LM10CLH 
See NS Package 
HOSA 


TOP VIEW 


Order 
Number 
LM10CN 
or LM10CLN 
See NS Package 
NOSB 


.-..... 
----,:0- 
••~v 
IV 
Differential 
input voltage 
(note 
1) 
±40V 
±7V 


Power dissipation 
(note 2) 
internally 
limited 


Output 
short-circuit 
duration 
(note 3) 
indefinite 


Storage·temperature 
range 
~5°Cto+150°C 


Lead temperature 
(soldering, 
10s) 
300°C 


Electrical 
Characteristics 
(TJ = 25°C. 
TMIN::; TJ::; TMAX. note 4) 


(Boldface 
type refers to limits over temperature 
range.) 


PARAMETER 
CONDITIONS 
LM10/LM10B 
LM10C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input offset voltage 
0.3 
2.0 
0.5 
4.0 
mV 


3.0 
5.0 
mV 


Input 
offset 
current 
0.25 
0.7 
004 
2.0 
nA 
(note 5) 
1.5 
3.0 
nA 


Input 
bias current 
10 
20 
12 
30 
nA 


30 
40 
nA 


Input 
resistance 
250 
500 
150 
400 
k.n 


150 
115 
k.n 


Large signal voltage 
Vs = ±20V. lOUT = 0 
120 
400 
80 
400 
V/mV 


gain 
VOUT = ±19.95V 
80 
50 
V/mV 


Vs = ±20V. VOUT = ±1904V 
50 
130 
25 
130 
V/mV 


lOUT = ±20 mA (±15 mAl 
20 
15 
V/mV 


Vs = ±0.6V (0.65V). lOUT = ±2 mA 
1.5 
3.0 
1.0 
3.0 
V/mV 


VOUT = ±Oo4 V (±0.3V). VCM = -{)o4 V 
0.5 
0.75 
V/mV 


Shunt gain Inote 6) 
1.2V (1.3V) <; VOUT <;40V. 
14 
33 
10 
33 
V/mV 


RL=1.1k.n 
0.1 mA <; lOUT <; 5 mA 
6 
6 
V/mV 


1.5V <; V+ <;40V. RL = 250.12 
8 
25 
6 
25 
V/mV 


0.1 mA<;IOUT<;20mA 
4 
4 
V/mV 


Common-mode 
-20V <; VCM <;19.15V 
(19VI 
93 
102 
90 
102 
dB 


rejection 
Vs = ±20V 
87 
87 
dB 


Supply·voltage 
- 
90 
96 
-{).2V > V 
>-39V 
87 
96 
dB 


rejection 
V+ = l:OV (l-:-tvl 
84 
84 
dB 


1.0V (l.tv) 
<; V+ <; 39.8V 
96 
106 
93 
106 
dB 


V- = -0.2V 
90 
90 
dB 


Offset voltage drift 
2.0 
5.0 
}J.vte 


Offset 
current 
drift 
2.0 
5.0 
pAte 


Bias current 
drift 
TC < 1000e 
60 
90 
pAte 


Line 
regulation 
1.2V (1.3V) <; Vs <; 40V 
0.001 
0.003 
0.001 
0.008 
%/V 


0<; IREF<; 1.0 mA. VREF = 200 mV 
0.006 
0.01 
%/V 


Load 
regulation 
0<; IREF<; 1.0 mA 
0.01 
0.1 
0.01 
0.15 
% 


V+ - VREF ~ 1.0V (l.tv) 
0.15 
0.2 
% 


Amplifier 
gain 
0.2V <; VREF <; 35V 
50 
75 
25 
70 
V/mV 


23 
15 
V/mV 


Feedback sense 
195 
200 
205 
190 
200 
210 
mV 


voitage 
194 
206 
189 
211 
mV 


Feedback 
current 
20 
50 
22 
75 
nA 


65 
90 
nA 


Reference 
drift 
0.002 
0.003 
%te 


Supply current 
270 
400 
300 
500 
}J.A 


500 
570 
}J.A 


Supply current 
1.2V 11.3VI <; Vs <; 40V 
15 
75 
15 
75 
}J.A 


change 


Electrical 
Characteristics 
(TJ = 25°C, TMIN::; 
TJ::; 
TMAX, note 4) 


(Boldface 
type refers to IilT'its over temperature 
range.) 


LM10BL 
LM10CL 
UNITS 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input offset voltage 
0.3 
2.0 
0.5 
4.0 
mV 


3.0 
5.0 
mV 


Input offset current 
0.1 
0.7 
0.2 
2.0 
nA 


(note 51 
1.5 
3.0 
nA 


Input 
bias current 
10 
20 
12 
30 
nA 


30 
40 
nA 


Input 
resistance 
250 
500 
150 
400 
kf], 


150 
115 
kn 


Large signal voltage 
Vs = ±3.25V, lOUT = 0 
60 
300 
40 
300 
V/mV 
gain 
VOUT = ±3.2V 
40 
25 
V/mV 


Vs = ±3.25V, lOUT = 10 mA 
10 
25 
5 
25 
V/mV 


VOUT = ±2.75V 
4 
3 
V/mV 


Vs = ±0.6V (0.65Vl, 
lOUT = ±2 mA 
1.5 
3.0 
1.0 
3.0 
V/mV 
VOUT = ±0.4 V (±0.3V), VCM = -0.4 V 
0.5 
0.75 
V/mV 


Shunt gain (note 61 
1.5V:::: V+:::: 6.5V, RL = 50on 
8 
30 
6 
30 
V/mV 


0.1 mA:::: lOUT:::: 10 mA 
4 
4 
V/mV 


Common-mode 
-3.25V 
::::VCM ::::2.4V (2.25V) 
89 
102 
80 
102 
dB 


rejection 
Vs = ±3.25V 
83 
74 
dB 


SupplY'voltage 
- 
86 
96 
80 
96 
dB 
-{).2V > V 
>-5.4V 


rejection 
V+ = l:OV (1-:-2V) 
80 
74 
dB 


1.0V (l.lV):::: 
V+:::: 6.3V 
94 
106 
80 
106 
dB 


V- = 0.2V 
88 
74 
dB 


Offset voltage drift 
2.0 
5.0 
J.lvte 


Offset current drift 
2.0 
5.0 
pAte 


Bias current 
drift 
60 
90 
pAte 


Line regulation 
1.2V (1.3V):::: Vs:::: 6.5V 
0.001 
0.01 
0.001 
0.02 
%/V 


0:::: IREF::::0.5 mA, VREF = 200 mV 
0.02 
0.03 
%/V 


Load regulation 
0';; 'REF:::: 0.5 mA 
0.01 
0.1 
0.01 
0.15 
% 


V 
- VREF:::: 1.0V (l.lV) 
0.15 
0.2 
% 


Amplifier 
gain 
0.2V:::: VREF ::::5.5V 
30 
70 
20 
70 
V/mV 


20 
15 
V/mV 


Feedback sense 
195 
200 
205 
190 
200 
210 
mV 
voltage 
194 
206 
189 
211 
mV 


Feedback current 
20 
50 
22 
75 
nA 


65 
90 
nA 


Reference 
drift 
0.002 
0.003 
%tc 


Supply current 
260 
400 
280 
500 
J.lA 


500 
570 
J.lA 


Note 1: 
The input 
voltage can exceed the supply voltages provided 
that the voltage from the input 
to any other terminal does not exceed the 
maximum differential 
input voltage and excessdissipation is accounted for vvhen VIN < V- 


Note 2: The maximum, operating-junction 
temperature is 150 


QC for the LM10. 100°C for the LM10B(L) 
and 85°C for the LM10CIL). 
At 
elevated 
temperatures. 
devices 
must 
be derated 
based on package 
thermal 
resistance. 


Not83: 
Internal 
thermal 
limiting 
prevents 
excessive 
heating 
that 
could 
result 
in sudden 
failure, 
but 
the 
IC can be subjected 
to accelerated 
stress 


with a shorted 
output 
and worst-case 
conditions. 


Noto 4: Thesespecifications apply for V- < VCM < V+ ~ O.85V (1.0VI. 1.2V 11.3V) < Vs < VMAX. VREF = O.2V and 0 S IREF S-1.0mA. 
unless 
otherwise 
specified: 
VMAX 
= 40V 
for the standard 
part and 6.5V for the low voltage 
part. 
Normal 
typeface 
indicates 
25°C 
limits. 
Boldface 


type 
indicates 
limits 
and 
altered 
test 
conditions 
for full·temperature·range 
operation; 
this is -55°C 
to 125°C 
for the LM10, -25°C 
to 85°C 
for the 


LM10B(L) 
and 
O°C to 
70°C 
for 
the 
LM10CIL). 
The 
specifications 
do 
not 
include 
the 
effects 
of thermal 
gradients 
1T1 
;;: 20 msl, 
die heating 
(T2 ~ 0.2s) or package 
heating. 
Gradient 
effects 
are small and tend 
to offset 
the electrical 
error 
(see curves). 


Noto 5: For TJ > 90·C, 10Smay exceed1.5 nA for VCM = V-. With TJ = 125·C and V-::: VCM ::: V- + O.lV, 10S::: 5 nA. 


N!tt86: 
This 
defines 
operation 
in floating 
applications 
such 
as th! 
bootstrapped 
regulator 
or two-wire 
transmitter. 
Output 
is connected 
to the 


V 
terminal 
of 
the Ie and 
input 
common 
mode 
is referred 
to V 
(see typical 
applications). 
Effect 
of larger 
output-voltage 
swings 
with 
higher 


load resistance 
can be accounted 
for by adding 
the positive-supply 
rejection 
error. 


:::roo,.. 
:E 
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:E 
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Typical Performance Characteristics 
(Op Amp) 


input 
current 
common 
mode limits 
offset 
voltage 
drift 
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Vs:: !20V 
0 
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- - 
~ 
0 
~ 


0 
.,),Vos < 0.1 mV 


-15 
~ 
c-l- zr >'0' 
< 0.2 "A 
~ 
~ 
0 
~ 
.,),ls<lnA 
- 
~ 
0 
0.6 
" 


~ 
~ 
~ 
0 
I-- 
-0.5 ~ 
- 
- 
- 
OFFSET 
...L. 
r,,),'os<2nA 


0 


j1a < lUnA 
-0.5 
-1.0 


-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE 
(OCI 
TEMPERATURE 
( Cl 
TEMPERATURE 
(OCI 


input 
noise voltage 
de voltage 
gain 
transconductance 


1k 
130 
~ 
100 
Vs?'!..2V 
JVs::t12V 
;< 
Vo '" ±lOV 
50 
VsAT?lV 
- 


11/11111 
I 
E 
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120 
-::::: 
w 
20 
---l;<.." 
~/I I 
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11)[11 
Rs'" 
1M 
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:::::: TA::-5SoC 
Z 
10 ==.9 
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",It = 
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"$" 
~ 
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110 
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~ 
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1'1 I~~ "I 
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'"0 
1 
0 
u 
~ 
if 


~ 
100 
- 
~ 
0.5 
tfi 


- 
0~ 
- 
- 
0 
02 
I 
0 


I 
1/1111111 
II 
10 
90 
- 
0.1 


10 
100 
1k 
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lOOk 
lOOk 
10k 
1k 
100 
0.01 
0.02 
0.05 
0.1 
0.2 
0.5 
1.0 


FREQUENCY 
(Hz) 
lOAD 
RESISTANCE 
(n) 
OFFSET 
VOLTAGE 
CHANGE 
l±mV) 


output 
saturation 
characteristics 
output 
saturation 
characteristics 
output 
saturation 
characteristics 


1.0 


1 
1 


1.0 
I 
J 
',,- lOUT'" 20 mA 


1.0 


I 
VI: :::~, 
0.5 


t-- 
2~ mA 
• 
I 
,I, 
0.5 


-20~Y 
J 
\,', 
0.5 ~Yv' 
\V,-:(::· 
~ 
2Dm:t~ 
~ 


_ 
lOmA 
~ 
01 
'~:t 


0.2 


-10mA/ 
I 1\':::' _"'j';C 
01 
~\.,<I'~ 
\ 
.•• 
lmA 
~ 
~ 
~ 
10 


l 
mA 
t-:-"'- 
r--l0mA 
0.1 
1 mA 
~ 


0.1 
,\_-r_~~ 
~ 


--3'm. 
/J , 
lmA - 
~ 


0.1 
./ 
\[ 
--l...,. 


0.05 t- -;mA 
0.05 
0.05 
3jA 
~~~o.lmA 
> 
lmA 
1 mA 
--r:. / 
I 
O.lmA -- 
./ 
-+0= 
z 
"_1 __ 
= 
z 
0 
0.02 
-1 mA 
0 
0.02 
~ 
0.02 
1 mA 
;:: 
,_IL 
=0.1 mA 
;:: 
=:r;:A 
-to 
0 
10mA 
I 
1 


~ 
0.01 
Il" 
-0.1 
mA 
~ 
0.01 
- 
: 
0.01 
I 
0 
-NPN_ 
I 
/ 
-NPN 
~ 
0.005 Wo 


~ 
0.005 
~PN-- 
;: 
0.005 
-PNP - 
-PNP 


V"'2V,to1 
~ 
IL =-0.1 
mA / 
0.002 
Vs" 
±2V 
0.002 
t-TA:25~C 
0 
_;NP=. 
==. 
0.002 
Vs" 
±2V 


fA 
'" wc 
I 
0 
TA" 
125°C 
0.001 
0.001 
0.001 


-0.3 
-0.2 
-0.1 
0 
0.1 
0.2 
0.3 
-0.] 
-0.2 
-0.1 
0 
0.1 
0.2 
0.3 
1.0 -0.8 -0.6 -0.4 -0.2 
0 
0.2 
0.4 
0.6 


OFFSET 
VOL TAGE 
CHANGE 
(mV) 
OFFSET 
VOL TAGE 
CHANGE 
(mV) 
OFFSET 
VOL TAGE 
CHANGE 
(mV) 


minimum 
supply 
voltage 
minimum supply voltage 
minimum 
supply voltage 


1.8 
I.B 
1.B 
-NPN 
TA" 
25cC 
NPN 


" 
120mA 
--PNP 
0 
VSAT'" 
LOV 
~ 
--PNP 
~ 
1.6 
fA" 
-55 C 
~ 
1.6 
1.6 
TA" 
125°C 
~ 
~ 
VSAT'" 
LOV 
.1 
~ 
NP~t= 
,lOUT'" 
20 mA 
" 
VSAT" 
1.DV 
I 
~ 
" 
PNP- 
- 
~ 
I 
1 
-1 
mA 
~ 
\T 
1.4 
\_ 
20 ~A-=- 
1.4 
0 
1.4 
-IL=-10mA 
IL'" 
l#JA_ 
t-- 
! -10mj~ 


0 
10miJ 
> 
> 
> 
l> 


> 
1-15~A 
I I 
> 
> 
-2~ mAI 
' 
'lOmA 
- 
\,_'~mA 
~ 


IL--ZOmA 
J" 
, 
~ 
I 


1.2 


i_!_ 


0 
1.2 
-1~~W( 
\ 
1.2 
--20mA 
~ 
I 
k: 
.1 
" 
-- -£~ 
-- 
~ 
~ ..• 
\ 
-10/JA 
~ 
~ 


-10>AA 
~ 
1.0 r-- 
10mA 
1.0 
~'.0"A 
_ 
••• , 
1.0 
0 
1 mA 
'- 
-:.\.- 
~ 
..:-t' 
'imA 
V-1mA 
1UTA 


O.B 
O.B 
0.8 


0.3 
0.2 
0.1 
0 
-0.1 
-0.2 
0.3 
0.2 
0.1 
0 
-0.1 
-0.2 -0.3 
1.5 
1.0 
0.5 
0 
-0.5 
-1.0 
-1.5 


OFFSET 
VOLTAGE 
CHANGE 
(mV) 
OFFSET 
VOL lAGE 
CHANGE 
(mY) 
INPUT VOL lAGE 
CHANGE (mV) 


frequency 
response 
output 
impedance 


140 
I 


1k 
fA = 25 C 
2S0 
120 
1-~tZ"'~ 
100 
f 
~ - 
'00 
T = 1 mA 
;;; 
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80 
200 ~ 
u 
z 
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z 
~ 
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~ ;; 
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lOOk 
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FREQUENCY 
(Hz) 
FREOUENCY 
(Hz) 
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= 5V 


V- "0 
TA = 25 
C 


~ 
100 


~ 
50 


~ 
0 
z 
-50 


-0.2 
0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1,8 


T 


VREF" 
200 mV 


120 
- !.SRA~ 
I 


- 
-=----:7" ~. 
LINE 
I 


~ 
100 
•• 
.... 
"rl 
" 
"~EGUlATION 


~ 
80 
~MRR', 
\ 
' 


- 
'" 
'~:-'\ 


PSR~ 
\ 
' 


T 
\ 


~~" 
~ 
-10 
" 
> 
>-~ 
>-~ 
c 


125"C 
---2S'C 


--_55°C 
1/ / 


I 
1 
I 


NPN 
I-- 


lOUT = ~20 
mA 
~ 
.E 


>-z 


<ra 
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CURRENT (mAl 
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V· 
= 5V 
V- 
= 0 


TA 
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C 
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" 
T 
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~- 
"\~,~VREF 
< 0.1% 


~Vos < 0.1 mV",," 
~\, 


~>-0.05 
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<r 
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gain 
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IOUT= 0.1 mA 


;; 
rr~A 


\...IOUT = 5 mA 
;; 
/.•..... /t'" 
;; 
........-r____ 
...- 
!. -0.05 
.!' 
-0.1 
.!' -0.2 
I 
~ 
Iff- b"" 
IOUT= 0.1 mA 
I 
/1 ......... 
/' 
~ 
i"-5~ c- 
T :2;oC_ 
~ 
{:,c,mA 
.L- 
z 
z 


f-fomA 
I 
z 


~ 
-0.10 
~ -02 
~ 


-{)., 
-~,:12rC 
I~ 
I 
I 
'i 
7 
/ 
~ 
~ 
I 
! 
I 
~ 
SmA 
I 
.. 


~ 
~ 


~-{I.15 
f-- ~ 


vt}J*'o":l 


-0.3 f-- ~ vt}J*'o",l 


-0.6 
1/ vt}J*'o",1 
> 
f-- ~ 
> 
f-- ~ 
> 
/I 
•... 
VI'" 
_ 
4 
V 
iT 


•... 


VI'" _ 
4 
V 
iT 


•... 


VI'" _ 
4 
V 


iT 
~-{I.20 
f--- I-- 
~ -0.4 f--- I-- 
~ -0~8 ~OmA 
z 
z 
f-- ~ 
f-- ~ 
I 
-{)~25 
-0.5 
-1.0 


1 
2 
3 , 
5 
5 
7 
8 
1 
2 
3 , 
5 
5 
7 
8 
1 
2 
3 , 
5 
5 
7 
8 


OUTPUT VOLTAGE 
(V) 
OUTPUT VOLTAGE 
(V) 
OUTPUT VOLTAGE 
(V) 


Typical Performance 
Characteristics 
( Reference) 


line regulation 
load regulation 
reference 
noise voltage 
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LOAD CURRENT (mAl 
FREOUENCY 
(Hz) 
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supply 
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Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output 
in the linear region. 


Input 
offset 
current: 
The 
difference 
in the currents 


at 
the 
input 
terminals 
when the 
output 
is unloaded 


in the Iinear region. 


Input 
bias current: 
The absolute 
value of the average 
of the two input currents. 


Input 
resistance: 
The 
ratio 
of the 
change 
in input 


voltage to the change in input current 
on either input 


with the other grounded. 


Supply·voltage 
rejection: 
The 
ratio 
of the 
specified 
supply-voltage 
change 
to the 
change 
in offset voltage 


between the extremes. 


Line regulation: 
The average change in reference output 


voltage over the specified supply voltage range. 


Load regulation: 
The change in reference output voltage 


from no load to that load specified. 


Feedback 
sense voltage: 
The voltage, 
referred 
to V-, 


on 
the 
reference 
feedback 
term inal wh ile operating 


in regulation. 


Reference 
amplifier 
gain: 
The 
ratio 
of the specified 


reference 
output 
change 
to 
the 
change 
in feedback 


sense voltage required to produce it. 


Feedback 
current: 
The absolute 
value of the current 


at the feedback terminal when operating in regulation. 


Supply 
current: 
The current 
required 
from the power 
source 
to 
operate 
the 
amplifier 
and 
reference 
with 


their 
outputs 
unloaded 
and 
operating 
in the 
linear 


range. 


Large signal voltage 
gain: 
The ratio 
of the specified 


output 
voltage 
swing 
to 
the 
change 
in differential 


input voltage required to produce it. 


Shunt 
gain: 
The ratio 
of the specified output 
voltage 


swing to the change in differential 
input voltage required 


to produce 
it with the output 
tied to the V+ terminal 


of the 
IC. The load and power source are connected 


between 
the V+ and V- terminals, 
and input common- 
mode is referred to the V- terminal. 


Common-mode 
rejection: 
The ratio of the input voltage 
range 
to 
the 
change 
in offset 
voltage 
between 
the 
extremes. 


~National 
~ 
Semiconductor 
Operational Amplifiersl Buffers 


LM11/LM11C/LM11CL Operational Amplifiers 


General Description 


The LM11 is a precision 
dc amplifier 
combining 
the best 


features 
of existing 
bipolar and FETop amps. It is similarto 


the LM108A, except that input currents 
have been reduced 


by more than a factor 
of ten. Offset 
voltage 
and drift 
have 


also been improved. 


Compared 
to FETs, the device 
provides 
inherently 
lower 
offset 
voltage 
and offset 
voltage 
drift, 
along with at least 


an order of magnitude 
better 
long-term 
stability. 
Low fre- 
quency 
noise 
is also somewhat 
reduced. 
Bias current 
is 


significantly 
lower even under laboratory 
conditions, 
and 


its low drift makes compensation 
practical. 
Offset current 


is almost 
unmeasureable. 
Although 
not as fast as FETs, it 


does have a much lower power drain. This low dissipation 
has the added advantage 
of eliminating 
warm 
up time in 


critical 
appl ications. 


Typical 
characteristics 
for 25 'C (- 
55°C to 125°C) are: 


• 
offset 
voltage: 
100 "'V (200 ",V) 


• 
bias current: 
25 pA (65 pAl 


• 
offset 
current: 
0.5 pA (3 pAl 


• 
temperature 
drift: 
1 ",V/·C 


• 
long-term 
stability: 
10 ",V/year 


v- 


TOP 
VIEW 


Order 
Number 
LM11H, 
LM11CH, 
or LM11CLH 
See NS Package 
H08C 


TOP 
VIEW 


Order 
Number 
LM11CN 
or LM11CLN 
See NS Package 
N08S 


The LM11 is internally 
compensated, 
but external 
compen- 


sation 
can be added for improved 
frequency 
stability, 
par- 


ticularly 
with capacitive 
loads. Offset 
voltage 
balancing 
is 


also provided, 
with the balance 
range determined 
by a low- 


resistance 
potentiometer. 


Otherwise, 
the device 
is the electrical 
equivalent 
of the 


LM108, except 
that 
the 
negative 
common-mode 
limit 
is 


0.6V less, performance 
is specified 
down to ± 2.5V and the 


guaranteed 
output drive has been increased 
to ± 2 mA. The 


input 
noise 
is somewhat 
higher, 
but 
amplifier 
noise 
is 


obscured 
by resistor 
noise with higher source resistances. 


This 
monolithic 
IC has obvious 
applications 
as electro- 


meter 
amplifiers, 
charge 
integrators, 
analog 
memories, 


low frequency 
active 
filters 
or for frequency 
shaping 
in 


slow servo loops. It can be substituted 
for existing 
circuits 


to provide 
improved 
performance 
or eliminate 
trimming 


operations. 
The greater 
precision 
can also be used to ex- 


tend 
the dynamic 
range 
of logarithmic 
amplifiers, 
light 


meters and solid-state 
particle 
detectors. 


The LM11 is manufactured 
with 
standard 
bipolar 
proces- 


sing using super-gain 
transistors. 


TOP 
VIEW 


Order 
Number 
LM11D, 
LM11CD, 
or LM11CLD 
See NS Package 
D14E 


Order 
Number 
LM11CN·14 
or LM11CLN·14 
See NS Package 
N14A 


* case connected to V- 


guard pins have no internal connection 


pin connections 
shown on schematic 
diagram and for typical applications 
are for metal can or mini-DIP. 


power dissipation 
(note 2) 
500mW 


output 
short·circuit 
duration 
(note 3) 
indefinite 


storage 
temperature 
range 
- 65·e 
to 150·e 


lead temperature 
(soldering, 
10 seconds) 
300·e 


Electrical 
Characteristics 
(T J = 25 ·e, T MIN< 
T J< T MAX. note 4) 
(Boldface 
type refers to limits 
over temperature 
range.) 


parameter 
conditions 
LM11 
LM11C 
LM11CL 
units 
typ 
lim 
typ 
Iim 
typ 
Iim 


input 
offset 
voltage 
note 4 
0.1 
0.3 
0.2 
0.6 
0.5 
5 
mV 
0.6 
0.8 
6 
mV 


input 
offset 
current 
note 4 
0.5 
10 
1 
10 
4 
25 
pA 
30 
20 
50 
pA 


input 
bias current 
note 4 
25 
50 
40 
100 
70 
200 
pA 
150 
150 
300 
pA 


input 
resistance 
note 4 
1011 
1011 
1011 
!J 
offset 
voltage 
drift 
note 4 
1 
3 
2 
5 
3 
,.M·e 


offset 
current 
drift 
T MIN"T,J<T 
MAX 
20 
10 
50 
fA/·e 


bias current 
drift 
T MIN"T,J<T 
MAX 
0.5 
1.5 
0.8 
3 
1.4 
pA/·e 


large signal 
voltage 
gain 
Vs± 
15V, 10UT= ±2 
mA 
300 
100 
300 
100 
300 
25 
V/mV 
VOllT= 
±12V(±11.5V) 
50 
50 
15 
V/mV 
Vs= 
± 15V, lou,= 
±0.5 
mA 
1200 
250 
1200 
250 
800 
50 
V/mV 
VOUT± 12V 
100 
100 
30 
V/mV 


common-mode 
rejection 
-13V 
(-12.5V)<;VCM<;14V 
130 
110 
130 
110 
110 
96 
dB 
Vs= 
± 15V 
100 
100 
90 
dB 


supply·voltage 
rejection 
± 2.5V<;V s<;± 20V 
118 
100 
118 
100 
100 
84 
dB 
96 
96 
80 
dB 


supply 
current 
note 4 
0.3 
0.6 
0.3 
0.8 
0.3 
0.8 
mA 
0.8 
1 
1 
mA 


output 
short-circuit 
current 
TJ=150·e 
±15 
mA 


note 1: The inputs are shunted with back·to-back diodes for overvoltage 
protection. 
Therefore, excessive current will flow if a differential 
input voltage in 


excess of 1V is applied between the inputs unless some limiting 
resistance 
is used. In addition, a 2 kOminimum 
resistance 
in each input is advised to avoid 


possible 
latch up initiated 
by supply reversals. 


note 2: The maximum 
operating-junction 
temperature 
is 150·C for the LM11 and 85°C for the LM11C(L). Devices must be derated based on package ther- 


mal resistance 
(see physical 
dimensions). 


nole 3: Current limiting 
protects the output when it is shorted to ground or any voltage less than the supplies. With continuous 
overloads, package dissipa- 


tion must be taken into account and heat sinking 
provided when necessary. 


note 4: These specifications 
apply for V - + 2V (2.5V}<VCM"V + -1V 
and ± 2.5V"Vs" 
± 20V, unless otherwise 
specified. 
Normal typeface indicates 25·C 
limits. 
Boldface 
type Indicates 
limits 
tor fulI·temperature 
range operation. 
This is - 55 ·C<TJ"125°C 
for the LM11 and O·<XTJ"70·C 
for the LM11C{L). 


Typical Characteristics 


offset: 
single 
source 
resistor 


input 
bias current 
input offset 
current 
(unbalanced) 
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drift: 
single 
source 
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input 
noise 
input 
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stability 
with over-compensation 


2.0 
10 


: 
0.1 


~ 
~~ 
~ "Ie, 


When 
working 
with 
circuitry 
capable 
of 
resolving 


picoampere 
level signals, 
leakage currents 
in circuitry 
ex- 
ternal 
to the op amp 
can significantly 
degrade 
perfor- 


mance. High quality 
insulation 
is a must (Kel-F and Teflon 


rate high). 
Proper cleaning 
of all insulating 
surfaces 
to 


remove flllxes 
and other residues 
is also required. This in- 
cludes 
the IC package 
as well as sockets 
and printed 
cir- 


cuit 
boards. 
When 
operating 
in high 
humidity 
environ- 


ments or near 0 ·C, some form of surface 
coating 
may be 


necessary 
to provide a moisture 
barrier. 


The effects 
of board leakage 
can be minimized 
by encir· 


cling 
the 
input 
circuitry 
with 
a conductive 
guard 
ring 


operated 
at a potential 
close 
to that 
of the inputs. 
For 


critical 
applications, 
dual·in-line 
packages 
are available 


that include 
input guard pins. With the ceramic 
package, 
the floating 
metal lid is best connected 
to the guard. This 
might 
be accomplished 
with a dab of conductive 
paint. 


Electrostatic 
shielding 
of 
high 
impedance 
circuitry 
is 


advisable. 


Error voltages 
can also be generated 
in the external 
cir- 
cuitry. Thermocouples 
formed 
between 
dissimilar 
metals 
can cause hundreds 
of microvolts 
of error in the presence 


of temperature 
gradients. 
The most troublesome 
thermo- 
couples 
are the junction 
of the IC package 
and the printed 


" S 
m 
~ 
u 


3 ~ 
z.. 
" 


0 
~ ~ 
!'" 
~ 
...~ 


g 
...~ 
0 


10-9 
10-8 
10-1 
10-6 
10-5 


CAPACITIVE 
lOAD 
(F) 


100 
lk 
10k 
lOOk 
1M 
10M 


FREQUENCY 
(Hz) 


circuit 
board 
(35 I'V'·C 
for 
copper-kovar) 
and 
internal 
resistor 
connections. 
Problems 
can be avoided by keeping 
low level circuitry 
away from 
heat generating 
elements. 


Mounting 
the IC directly 
to the PC board 
while 
keeping 


package leads short and the input leads close together 
can 


also help. 


With the LM11 there 
is a temptation 
to remove the bias- 
current-compensation 
resistor 
normally 
used on the non- 
inverting 
input of a summing 
amplifier. 
Direct connection 
of the inputs to ground or a low·impedance 
voltage 
source 


is not recommended 
with 
supply 
voltages 
greater 
than 
about 
3V. The potential 
problem 
involves 
reversal 
of one 
supply 
which 
can cause excessive 
current 
in the second 


supply. Destruction 
of the IC could result if the output 
cur- 


rent of the second supply is not limited to about 100 mAor if 
there is much more than 11'F bypass on the supply buss. 


Just disconnecting 
one supply will generally 
involve rever· 


sal because of loading to the othersupply 
both within the IC 


and in external 
circuitry. 
Although 
difficulties 
can be large- 
ly avoided 
by installing 
clamp 
diodes 
across 
the supply 
lines on every PC board, a conservative 
design 
would 
in· 


clude enough resistance 
in the input lead to limit current to 


10 mA if the input lead is pulled to either supply by internal 
currents. 
This precaution 
is by no means 
limited 
to the 


LM11. 


Input guarding 


Input 
guarding 
can 
drastically 
reduce 
surface 
leakage. 


Layout for metal can is shown here. Guarding 
both sides of 


board 
is required. 
Bulk 
leakage 
reduction 
is less 
and 
depends 
on guard ring width. 


BALANCE 


v· 
1--'\ 
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OUTPUT"""" 
6 
1 
'. 


COMPENSA 
nON 0 5 
~I 


v· 


Guard ring is connected 
to low impedance 
point at same 
potential 
as sensitive 
input leads. Connections 
for various 
op amp configurations 
are shown 
here. 


input protection 


Current 
is limited 
by R2 even when input 
is connected 
to 


voltage 
source outside 
common 
mode range. If one supply 


reverses, current 
is controlled 
by R1.These resistors 
do not 


affect 
normal 
operation. 


Input resistor 
controls 
current 
when input exceeds 
supply 


voltages, 
when power for op amp is turned off or when out- 


put is shorted. 


balancing 
and over-compensation 


Over-compensation 
will 
improve 
stability 
with capacitive 


loading 
(see curves). 
Offset 
voltage 
adjustment 
range is 


determined 
by balance 
potentiometer 
resistance 
as in- 


dicated 
in the table. 


min. ad) 
R 
range 


±5mV 
100kll 


±2 
10k 


±1 
3k 


±O.8 
3k 


±O.4 
1k 


'-'1UI 
VClIClll 
1t::t::UUc1~F\ 
I t::;:'l;:,ldlll,;t:: 
I~ 
I V '""U, 
UUI 
onlY stanaara 
resistors 
are 
used. 
Even though 
the 
offset 
voltage 
is 
multiplied 
by 
100, output 
offset 
is 
actually 
reduced 
because 
error is dependent 
on offset 
current 
rather than 
bias current. 
Voltage 
on summing 
junction 
is less than 


5mV. 


Rf=R2(:+~) 


R2»R3#R4 
* gain trim 


Follower 
input resistance 
is 1 GO. With the input open, off- 


set voltage 
is multiplied 
by 100, but the added error is not 


great because the op amp offset 
is low. 


This circuit 
multiplies 
RC time constant 
to 1000 seconds 
and provides 
low output 
impedance. 


T= Rl C (R2+ 
R3) 
R3 


t.VOUT= 
R1 + R3 (IB R2+ 
Vos) 


R3 


A nlgn-Input-Impedance 
ac amplifier 
for a piezoelectric 
transducer. 
Input 
resistance 
of 880 MO and gain of 10 is 
obtained. 


,,= 
J 


RIN = R1 (1 + ~R23) A 
_ R2+ 
R3+R4 


y- 
R2+R3 


cable bootstrapping 


Bootstrapping 
input 
shield 
for a follower 
reduces 
cable 
capacitance, 
leakage 
and spurious 
voltages 
from 
cable 
flexing. 
Instability 
can be avoided with small capacitor 
on 
input. 


With summing 
amplifier, 
summing 
node is at virtual ground 
so input shield is best grounded. 
Small feedback 
capacitor 
insures stability. 


differential 
amplifiers 


This 
differential 
amplifier 
handles 
high 
input 
voltages. 


Resistor 
mismatches 
and 
stray 
capacitors 
should 
be 


balanced 
out for best common-mode 
rejection. 


Two op-amp 
instrumentation 
amplifier 
has poor ac com- 


mon 
mode 
rejection. 
This 
can 
be improved 
at the ex- 


pense of differential 
bandwidth 
with C2. 


{ 


- 


INPUTS 


±21DVMAX 
+ 


Vs= ±15V 
t trim for de CMRR 
i 
trim for ac CMRR 


• 
gain set 
t trim for de CMRR 


fo= 10 Hz 


High gain differential 
instrumentation 
amplifier 
includes 
input guarding, 
cable bootstrapping 
and bias current 
compensa- 
tion. Differential 
bandwidth 
is reduced by C1 which also makes common-mode 
rejection 
less dependent 
on matching 
of in- 
put amplifiers. 


All 
lOOk 
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1G 
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voltage balance 


• 
gain 
t 
de CMRR 
··ac CMRR 


For moderate-gain 
instrumentation 
amplifiers, 
input amplifiers 
can be connected 
as foilowers. 
This simplifies 
circuitry, 
but 
A3 must also have low drift. 


R1 = R3; R2= R4 


Av=~ 


R1 


bias current compensation 


Precise 
bias 
current 
compensation 
for 
use 
with 
unregulated 
supplies. 
Reference 
voltage 
is available 
for 


other circuitry. 


01 


10k 
RZ 
R3 
61k 
3Dk 


This circuit 
shows how bias current 
compensation 
can be 


used on a voltage 
follower. 


voltmeter 


High 
input 
impedance 
millivoltmeter. 
Input 
current 
is proportional 
to input 
voltage, 
about 
10 pA at full 
scale. 
Reference 
could 
be used to make direct 
reading 
linear ohmmeter. 


* 1x scale calibrate 
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scale calibrate 
i includes reversing switch 
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ammeter 


Current 
meter ranges from 100 pA to 3 mA full scale. Voltage across 
input 
is 100 ",Vat 
lower ranges rising to 3 mV at 3 mA. 


Buffers 
on op amp are to remove ambiguity 
with 
high-current 
overload. 
Output 
can also drive DVM or DPM. 
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t 1x scale calibrate 
* 3x 
scale calibrate 
* includes reversing switch 


Precision 
current 
source 
has 10 ",A to 10 mA ranges 
with 
output 
compliance 
of 30V to 
- 5V. Output 
current 
is fully 
ad- 
justable 
on each range with a calibrated, 
ten-turn 
potentiometer. 
Error light 
indicates 
saturation. 


81 T 
'v 
I 
1>S.4VI 
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ERROR! 


RI 
BATTERY 


3.9. 
OK 
N 


R2* 
A 
02 


10.5." 


L BATTERY 
i 


TEST 


". 
100M" 
~ 


* calibrate 
range 


helect 
for leBO" 
100pA 


LIVIII ,,,u"9 wlm 
speeo or me r-~ I op amps. upen 
lOOP 
gain is about 140 dB and settling 
time to 1 mV about 81's. 


Overload-recovery 
delay 
can 
be eliminated 
by direct 
coupling 
the FET amplifier 
to summing 
node. 


This 
100x 
amplifier 
has 
small 
and 
large 
signal 
band- 


width 
of 1 MHz. The LM11 greatly 
reduces offset 
voltage, 
bias 
current 
and gain 
error. 
Eliminating 
long 
recovery 
delay 
for 
greater 
than 
100% 
overload 
requires 
direct 


coupling 
of A2 to input. 


frequency 
Should not exceed 10 kHz if the FET amplifier 
is ac coupled 
to input. The circuit 
does not behave well if 
common-mode 
range is exceeded. 


heater control 


Proportional 
control 
crystal 
oven 
heater 
uses 
leadllag 
compensation 
for fast settling. 
Time constant 
is changed 
with 
R4 and compensating 
resistor 
R5. If 02 is inside 


oven, a regulated 
supply 
is recommended 
for 0.1·C con- 
trol. 


* 
solid tantalum 


mylar 


close thermal coupling between sensor and oven shell is recommended. 


leakage 
isolation 


Switch 
leakage 
in this sample 
and hold does not reach storage 
capacitor. 


SAMPLElJ 


* polystyrene or Telfon 


trequired 
if protected- 


gate switch is used 


A peak detector 
designed 
for extended 
hold. Leakage 
currents 
of peak-detecting 
diodes 
and reset switch 
are absorbed 


before reaching 
storage 
capacitor. 


300 JoIs min single pulse 


200 IJs min repetitive pulse 


300 Hz max sine wave error<5 mV 


t required 
if 01 has 9ate- 


protection diode 


* polystyrene or Teflon 


Reset is provided for this integrater 
and switch 
leakage is 


isolated 
from 
the summing 
junction. 
Greater 
precision 


can be provided 
if bias-current 
compensation 
is included. 


* polystyrene or Teflon 
t required if protected-gate 
switch is used 


standard·cell 
buffer 


Battery 
powered 
buffer 
amplifier 
for standard 
cell 
has 


negligible 
loading 
and disconnects 
cell 
for low supply 


voltage 
or 
overload 
on 
output. 
Indicator 
diode 
ex- 


tinguishes 
as disconnect 
circuitry 
is activated. 


T 
81 
I 
.V 
-!.... 


logarithmic 
amplifiers 


Unusual 
frequency 
compensation 
gives this 
logarithmic 
converter 
a 100 P.stime constant 
from 
1 mA down 
to 100 p.A, 


increasing 
from 200 P.sto 200 ms from 
10 nA to 10 pA. Optional 
bias current 
compensation 
can give 10 pA resolution 


from 
- 55'C 
to 100'C. 
Scale 
factor 
is 1V/decade 
and temperature 
compensated. 


a. SetR1' 
farVOUT=OatIIN=1oonA 


b. Set RB for VOUT= 3V at IIN =,oo"A 


c. Set R3 for VOUT= - 4V at 'IN ='0 
pA 
C3 


TO'OlJ.1F 


Light 
meter 
has eight·decade 
range. 
Bias 
current 
compensation 
can 
give 
input 
current 
resolution 
of better 
than 
± 2 pA over 15'C 
to 55'C. 


Cl 


O.1J'FT 


T 
111 


RD 
R12 
I 
9V 


33k 
1.5k....L. 


R9 
":'" 
91 
R1I1I. 


02 
C1 
lN4150 
.J 
0OOl1/f 


01 
I.JM -= 


lN1484 
.S 


-= .. 
100M 


lOOk 


-= 


01~ 


lOpA-l 
mA 


-= 


3-126 


V1 =0@IIN=100 
nA 


V1 = -0.24V@IIN=10 
pA 


• 
M1=0@IIN=10pA 


**M1=fs@IIN=1 
mA 


Input offset 
voltage: 
That voltage which must be applied 
between the input terminals 
to bias the unloaded output in 


the linear region. 


Input offset 
current: 
The difference 
in the currents 
at the 
input terminals 
when the output 
is unloaded 
in the linear 
region. 


Input bias current: 
The absolute value of the average of the 
two input currents. 


Input resistance: 
The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 


Large signal voltage gain: 
The ratio of the specified output 
voltage 
swing to the change 
in differential 
input voltage 
required to produce it. 


Common-mode 
rejection: 
The ratio of the input 
voltage 


range 
to 
the 
change 
in 
offset 
voltage 
between 
the 
extremes. 


Temperaturedrift: 
The change of a parameter measured at 
25·C 
and 
either 
temperature 
extreme 
divided 
by the 


temperature 
change. 


Supply-voltage 
rejection: 
The ratio of the specified 
supply- 
voltage 
change (either or both suppiies) 
to the change in 
offset voltage between the extremes. 


Supply 
current: 
The 
current 
required 
from 
the 
power 
source to operate the amplifier 
with the output 
unloaded 
and operating 
in the linear range. 


LM101A1LM201A1LM301A Operational 
Amplifiers 


General 
Description 


The LM 101A series are general purpose operational 
amplifiers 
which 
feature 
improved 
performance 
over industry 
standards Iike the LM709. Advanced 
processing techniques 
make possible an order of 
magnitude 
reduction 
in 
input 
currents, 
and 
a 
redesign 
of 
the 
biasing 
circuitry 
reduces the 
temperature 
drift 
of 
input 
current. 
Improved 
specifications include: 


• 
Offset 
voltage 3 mV maximum 
over tempera- 


ture (LM101A/LM201Aj 


• 
Input current 
100 nA maximum over tempera- 


ture (LM101A/LM201A) 


• 
Offset current 
20 nA maximum over tempera- 


ture (LM101A/LM201 
A) 


• 
Guaranteed drift characteristics 


• 
Offsets guaranteed over entire common 
mode 
and supply voltage ranges 


• 
Slew rate of 10V/Ils 
as a summing amplifier 


This amplifier 
offers many features which make its 
application 
nearly foolproof: 
overload protection 
on the 
input 
and output, 
no latch-up when the 


common 
mode range is exceeded, freedom 
from 


oscillations 
and compensation with 
a single 30 pF 


capacitor. 
It has advantages over internally 
com- 


pensated ampl ifiers in that the frequency compen- 
sation can be tailored to the particular application. 
For example, in low frequency 
circuits 
it can be 


overcompensated for increased stability 
margin. Or 


the compensation 
can be optimized 
to give more 


than a factor of ten improvement 
in high frequen- 
cy performance for most applications. 


In addition, 
the device provides better accuracy 


and 
lower 
noise 
in 
high 
impedance 
circuitry. 


The 
low 
input 
currents 
also 
make 
it 
particu- 


larly 
well 
suited 
for 
long 
interval 
integrators 
or timers, 
sample and hold circuits 
and low fre- 
quency 
waveform 
generators. Further, 
replacing 
circuits 
where 
matched 
transistor 
pairs 
buffer 


the 
inputs 
of 
conventional 
IC op amps, it 
can 


give lower offset voltage and drift 
at a lower cost. 


The 
LM101A 
is guaranteed over a temperature 


range of 
-55°C 
to 
+125°C, 
the 
LM201 A from 


_25°C 
to 
+85°C, 
and the 
LM301A 
from 
O°C 
to 70°C. 


.•.•.,,~no, 
•. 


r 
, 
OUTPUT 
.•.•.." L..:. 
J' 
~ 
•.•.l •• CI 


Order Number LM101AH, 
LM201AHor 
LM301AH 
See NS Package HOBC 


·..·""'0·"·"·'''''' 


COMPEfiI$AIION 


IIIPUT 
l 
IV' 


INPUT 
J 
, 
. 
, 


Order Number 
LM101AJ-14 
LM201AJ·14 
or LM301AJ-14 
See NS Package J14A 


Order Number 
LM101AJ, 
LM201AJ, 
LM301AJ 
See NS Package JOBA 


Order Number LM301AN 
See 
NS Package 
NOSA 


Power DISSipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 
Operating Temperature 
Range 


500 
mW 
±30V 
±15V 


Indefinite 
-55·C 
to +125·C 
ILM101AI 
-25·C 
to +85·C 
ILM201A) 


-65°C 
to +150°C 
300·C 


500 
mW 
±30V 
±15V 


Indefinite 


O°C to +70°C 


-65°C 
to +150°C 
300·C 


Electrical Characteristics 
(Note 4) 


lM101A/lM201A 
LM301A 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
TA = 25°C 


lM101A, 
lM201A, 
lM301A 
RS <:;50 kll 
0.7 
2.0 
2.0 
7.5 


Input Offset Current 
TA = 25°C 
1.5 
10 
3.0 
50 


Input BiasCurrent 
TA = 25·C 
30 
75 
70 
250 


Input Resistance 
TA = 25°C 
1.5 
4.0 
0.5 
2.0 


Supply Current 
TA = 25·C 


Vs = ±20V 
1.8 
3.0 


VS=±15V 
1.8 
3.0 


LargeSignalVoltage Gain 
TA = 25°C, Vs '" ±15V 
50 
160 
25 
160 


VOUT = ±10V, Al2 
2 kll 


Input Offset Voltage 
RS <:;50 kll 
3.0 
10 


RS<:; 10kll 


AverageTemperatureCoeffi- 
AS <:;50 kll 
3.0 
15 
6.0 
30 


dent of Input Offset Voltage 
RS < 10 kll 


Input Offset Current 
20 
70 


TA = TMAX 


TA=TMIN 


AverageTemperatureCoeffi- 
25°C $ TA $ TMAX 
0.01 
0.1 
0.01 
0.3 


cient of Input Offset Current 
TMIN <:;TA <:;25·C 
0.02 
0.2 
0.02 
0.6 


Input BiasCurrent 
0.1 
0.3 


Supply Current 
T A = TMAX. Vs = ±20V 
1.2 
2.5 


LargeSignalVoltage Gain 
Vs = ±15V. VOUT = ±10V, 
25 
15 


RL 2 2k 


Output VoltageSwing 
Vs = ±15V 


Al = 10kll 
±12 
±14 
±12 
±14 


AL = 2 kll 
±10 
±13 
±10 
±13 


Input Voltage Range 
Vs = ±20V 
±15 


VS=±15V 
+15, -13 
±12 
+15, 
13 


Common·Mode Rejection Ratio 
RS <:;50 kll 
80 
96 
70 
90 


RS <:;10 kll 


Supply Voltage Rejection Ratio 
AS <:;50 kll 
80 
96 
70 
96 


AS<:; 10kll 


UNITS 


mV 


nA 


nA HI 
,~ll 


mA 


mA 


V/mV 


mV 


mV 


"V('C 


"V('C 


nA 


nA 


nA 


nA('C 


nA('C 


"A 


mA 


V/mV 


V 


V 


V 


V 


dB 


dB 


dB 


jB 


Note t: 
The 
maximum 
junction 
temperature 
of the 
LM101A 
is 150°C, 
and that 
of the 
LM201A/LM301A 
is 100°C. 
For operating 
at elevated 
temperatures, 
devices in the TO-5 
package must be derated-based 
on a thermal 
resistance of 150°C/W, 
junction 
to ambient, 
or 45°CIW. 
junction 
to 


case. The thermal 
resistance of the dual·in-line 
package is 18T>C/W, 
junction 
to ambient. 


Note 2: 
For supply voltages less than ±1SV, 
the absolute maximum 
input voltage is equal to the supply voltage. 


Note 3: 
Continuous 
short circuit 
is allowed 
for case temperatures 
to 125°C 
and ambient 
temperatures 
to 7SoC for LM101A/LM201A, 
and 70°C 
and 5SoC respectively 
for LM301 A. 


Note 4: 
Unless otherwise 
specified, 
these specifications 
apply 
for 
C1 = 30 
pF, 
±SV < 
Vs < ±20V 
and -55°C 
< TA < +12SoC 
(LM101AI, 
±5V:o 
VS:O 
±20V 
and 
-25·C:O 
TA:O 
+85·C 
(LM201AI, 
±5V:o 
VS:O 
±15V 
and 
O·C ~ fA ~ +7C)"C (LM301AI. 
- 
- 


Guaranteed 
Performance Characteristics 
LM101A/LM201A 


Input Voltage Range 
Output 
Swing 
Voltage Gain 


20 
20 
100 
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SUPPl Y VOLTAGE 
(tV) 
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Guaranteed 
Performance Characteristics 
LM301A 


Input Voltage Range 
Output Swing 
Voltage Gain 


10 
20 
100 


;;; 
16 
g, 


I~ 
;;; 
15 
; 
..z 
L...- 
: 
12 
~ 


•..... 
.. 
z 
88 
z 
0f1:: ~ .... 
~ 
~~ 
- 
.. 
- 
as' 
~ 
10 
" 
. 
"~~"'" 
,.. \\\. ~ 
V 
•.. 
8 
•.. 
~\••\~'" 
V 
.. 
~I 
:> 
- 
t- 


~ 


82 
0 
,,; 
•.. 
~ 
.....• 
i-'" 
I 
>•.. 
1-'1 
I 


:> 
u~\\\. 


:> 
0 
5 ""'~ I~\"\~I 
I 
, 
76 
z 
love 
<T .•.<10 C 
O"C $.1 .•..$.70°C 


I 
I 
I 
oc:s 
T .•. ~70 
C 
I 
I 
a 
a 
70 


5 
10 
15 
5 
10 
15 
5 
10 
15 


! 
SUPPl 
Y VOL TAGE 
(!. V) 
SUPPLY 
VOLTAGE 
toy) 
SUPPLY 
VOLTAGE 
(+V) 


Typical Performance Characteristics 


Supply Current 
Voltage Gain 
Maximum 
Power Dissipation 


2.5 
I 
I 
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I 
I 
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Typical Performance 
Characteristics 
(Continued) 


Input Current, LM101A1 
LM201A/LM301A 
Current Limiting 
Input Noise 
Voltage 
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OUTPUT 
CURRENT 
(mA) 
FREQUENCY 
(Hz) 


I"put Noise Current 
Common 
Mode Rejection 
Power Supply 
Rejection 


;; 
10-24 
E 
= 
120 
I 
!- 
Rs·'un 
100 -- 
:!. 
- 
T. 
f5 


o 
e- 
.•. 
r..... .•" 
... 
~ 
'DO " 


"' 
"' 


OJ}~~ 
i 


'" 


10 
'" 
"""''''>..- 


~ 


z 
- 
.. 
"'", 
10 
~ 


60 -~<",,:~ 
~"- 
~ 10-25 
'" 
)M$I"OV 
--""''''<''~ 
;; 
.. 
" 
z 
60 
4<l 
.r",,,,,, 
.. 
~ 


> 
::! 
,. 
~ 
~""' 
~ 
III 
z 
SINGLE 
POLE 
.. 
20 
g 
III 
~ 
,. 
40 
COMPENSATION 
Z 
T•••'~ ZioC 
;;;;; 
~ 
V~M $ "~..>--- 
el' 
30p' 
I 
"' 
c 
0 
!I 
10-211 
20 
1 .•." 25°C 


10 
100 
lk 
10k 
lOOt< 
'0 
100 
lk 
10k 
lO01t 
1M 
'0 
100 
" 
10k 
lOOk 
1M 
10M 


FREQUENCY 
(Hz) 
FREQUENCY (Hz) 
FREQUENCY (Hz) 


Closed Loop Output 
Impedance 
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fMay be zero or IqUII to plfillel 
':' 
combiNltionof 
Rllnd 
R2for 
minimum offset. 


Although 
the 
LM101A 
is designed for 
trouble 
free operation, 
experience 
has 


indicated 
that it is wise to observe certain precautions given below to protect 
the 
devices from 
abnormal 
operating 
conditions. 
It might 
be pointed 
out 
that 
the 
advice given here is applicable to practically 
any IC op amp, although 
the exact 
reason vvhy may differ with different 
devices. 


When driving 
either input from a low-impedance source, a limiting 
resistor should 
be placed in series with 
the input 
lead to limit 
the peak instantaneous output 
current 
of the source to something lessthan 100 mA. This is especially important 
when the inputs go outside a piece of equipment 
where they could accidentally 
be 


connected 
to high voltage sources. Large capacitors 
on the input 
(greater than 
O.1}JF) should be treated as a low source impedance and isolated with a resistor. 
Low 
impedance sources do not cause a problem 
unless their output 
voltage ex- 
ceeds the supply voltage. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 


The output 
circuitry 
is protected 
against damage from 
shorts to ground. However, 


when the amplifier 
output 
is connected 
to a test point, 
it should be isolated by 
a limiting 
resistor, as test points'frequently 
get shorted 
to bad places. 
Further, 


when 
the amplifier 
drives a load external 
to the equipment, 
it is also advisable 


to use some sort of limiting 
resistance to preclude mishaps. 


Precautions should be taken to insure that the power supplies for the integrated 
circuit 
never become reversed-even 
under transient conditions. 
With reverse volt- 


ages greater 
than 
lV, 
the 
IC will 
conduct 
excessive current, 
fuzing 
internal 
aluminum 
interconnects. 
If there is a possibility 
of this happening, clamp diodes 
with 
a high peak current rating should be installed on the supply lines. Reversal of 
the voltage between v+ and V- 
will always cause a problem, 
although 
reversals 
with respect to ground may also give difficulties 
in many circuits. 


The mi nimu m values given for the frequency 
compensation 
capacitor 
are stable 


only 
for 
source resistances less than 
10 kil, 
stray capacitances on the summing 
junction 
less than 5 pF and capacitive loads smaller than 100 pF. If any of these 


conditions 
are not 
met, it becomes necessary to overcompensate 
the ampl ifier 
with 
a larger compensation 
capacitor. 
Alternately, 
lead capacitors can be used in 
the feedback netvvork to negate the effect of stray capacitance and large feedback 
resistors or an RC network 
can be added to isolate capacitive loads. 


Although 
the LM101A 
is relatively 
unaffected 
by supply 
bypassing, this cannot 
be ignored altogether. Generally it is necessary to bypass the supplies to ground at 
least once on every circuit 
card, and more bypass points may be required if more 


than five amplifiers are used. When feed-forward 
compensation 
is employed, how- 


ever, 
it 
is advisable 
to 
bypass the 
supply 
leads of 
each amplifier 
with 
low 


inductance capacitors because of the higher frequencies involved. 


Compensating 
For Stray 
Input 
Capacitances 
Or Large 
Feedback 
Resistor 
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LM102lLM202lLM302 
Voltage 
Followers 


General 
Description 


The 
LM102 
series 
are 
high-gain 
operational 


amplifiers 
designed 
specifically 
for 
unity-gain 


voltage 
follower 
applications. 
Built 
on 
a single 


silicon 
chip, 
the 
devices 
incorporate 
advanced 


processing 
techniques 
to 
obtain 
very 
low 
input 
current 
and high 
input 
impedance. 
Further, 
the 
input 
transistors 
are operated 
at zero collector- 
base voltage 
to virtually 
eliminate 
high tempera- 


ture leakage currents. 
It can therefore be operated 
in 
a temperature 
stabilized 
component 
oven to 
get extremely 
low input 
currents 
and low offset 
voltage 
drift. 
Other 
outstand ing 
characteristics 
of the device include: 


• 
Fast slewing - 
1OV I/-Is 


• 
Low input current - 
10 nA (max) 


• 
High input resistance - 
10,000 MQ 


• 
No external 
frequency 
compensation 
required 


• 
Simple offset balancing with optional 
1K poten- 


tiometer 


• 
Plug-in 
replacement 
for 
both 
the LM101 
and 


LM709 in voltage follower 
applications. 


The LM102, which is designed to operate with sup- 
ply voltages_between ±12V and ±15V, also features 
low input capacitance as well as excellent small sig- 
nal and large signal frequency 
response - 
all of 


which minimize high frequency gain error. Because 
of the low wiring capacitances inherent 
in mono- 


lithic 
construction, 
this fast operation 
can be real- 


ized without 
increasing power consumption. 


·Valuts alt for 10 KHzculOll. 


Use$llvefedm'~t<lpaCIlOfSfor 
good tempelalule stab,htv. 


Order Number LM102H, 
LM202H 
or LM302H 
See NS Package HOSe 
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~UjJjJIY 
VUlli::tyt:: 
Power Dissipation (Note 1) 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 
Operating Temperature 
Range 
LM102 
LM202 
LM302 


500mW 
±15V 
Indefinite 
-55°C to 125°C 
-25°C to 85°C 
O°C to 70°C 


-135°C to 150°C 
300°C 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 10 seconds) 


lM102 
lM202 
lM302 
UNITS 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
TA"" 
25°C 
2 
5 
3 
10 
5 
15 
mV 


Input 
Bias Current 
TA'" 
25°C 
3 
10 
7 
15 
10 
30 
nA 


Input 
Resistance 
TA"" 
25°C 
1010 
1012 
1010 
1012 
109 
1012 
Il 


Input 
Capacitance 
3.0 
3.0 
3.0 
pF 


Large Signal 
Voltage 
TA 
==25°C. 
Vs 
==±15V. 
0.999 
0.9996 
0.999 
0.9995 
1.0 
0.9985 
0.9995 
1.0 
VIV 


Gain 
VOUT = ±10V, RL = 8 kll 


Output 
Resistance 
TA = 25°e 
0.8 
2.5 
0.8 
2.5 
0.8 
2.5 
Il 


Supply 
Current 
TA==25°C 
3.5 
5.5 
3.5 
5.5 
3.5 
5.5 
mA 


Input 
Offset 
Voltage 
7.5 
15 
20 
mV 


Offset 
Voltage 
6 
15 
20 
pyre 


Temperature 
Drift 


Input 
Bias Current 
TA = TAMAX 
3 
10 
1.5 
5.0 
3.0 
15 
nA 


TA = TAMIN 
30 
100 
30 
50 
20 
50 
nA 


Large Signal 
Voltage 
Vs 
==±15V. 
VOUT 
==±10V 
0.999 


Gain 
RL=10kll 


Output 
Voltage 
Swing 
VS=±15V,RL=10kll, 
±10 
±10 
±10 
V 


(Note 
5) 


Supply 
Current 
TA"" 
125°C 
2.6 
4.0 
mA 


Supply 
Voltage 
±12V<:;VS<:;±15V 
60 
60 
60 
dB 


Rejection 
Ratio 


Note 
1: The 
maximum 
junction 
temperature 
of the 
LM102 
is 150°C, 
while 
that 
of the 
LM202 
is 100°C 
and that 
of the 
LM302 
is 85°C. 
For oper· 


ating 
at elevated 
temperatures, 
devices 
in the 
TO-5 
package 
must 
be derated 
based 
on 
a thermal 
resistance 
of 
150°C/W, 
junction 
to ambient, 
or 
45°C/W, 
junction 
to case. 
The thermal 
resistance 
of the dual-in-line 
package 
is 100°C/W, 
junction 
to ambient. 


Note 
2: 
For supply 
voltages 
less than 
± 15V. 
the absolute 
maximum 
input 
voltage 
is equal 
to the supply 
voltage. 


Note 
3: 
Continuous 
short 
circuit 
for the 
LMl 02 and 
LM202 
is allowed 
for case temperatures 
to 125°C 
and ambient 
temperatures 
to 70°C.For 
the 
LM302. 
continuous 
short 
circuit 
is allowed 
for 
70°C 
case 
or 55°C 
ambient 
temperature. 
It is necessary 
to 
insert 
a resistor 
greater 
than 
2 k.f2 in 


series 
with 
the 
input 
when 
the amplifier 
is driven 
from 
low 
impedance 
sources 
to prevent 
damage 
when 
the output 
is shorted. 


Note 4: 
These specifications apply for ±12V 
<:; Vs 
<:; ±lSV 
and -5SoC 
S TA S 12SoC for the LM1D2, -2SoC 
S TA S 8SoC for the LM202, 
and O°C ~ TA $. 70°C 
for the 
LM302 
unless 
otherwise 
specified. 


Note 
5: 
Increased 
output 
sWing under 
load 
can 
be obtained 
by 
connecting 
an external 
resistor 
between 
the booster 
and V 
terminals 
See curve 
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Typical Performance 
Characteristics 
LM102 
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Typical Performance 
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LM107/LM207/LM307 
Operational 
Amplifiers 


The 
LM107 
series 
are 
complete, 
general 
purpose 
operational 
ampl ifiers, with the necessary 
frequency 
compensation 
built 
into 
the 
chip. 
Advanced 
proc· 
essing 
techniques 
make 
the 
input 
currents 
a factor 


of ten 
lower 
than 
industry 
standards 
like the 709. 
Yet, 
they 
are a direct, 
plug-in 
replacement 
for the 
709, 
LM101A 
and 741. 


• 
Offset 
voltage 
3 mV 
maximum 
over 
tempera- 
ture 


• 
Input 
current 
100 
nA maximum 
over 
tempera· 


ture 


• 
Offset 
current 
20 nA 
maximum 
over 
tempera- 
ture 


The 
LM 107 
series 
offers 
the 
features 
of 
the 


LM101A, 
which 
makes 
its application 
nearly 
fool· 
proof. 
In 
addition, 
the 
device 
provides 
better 
accuracy 
and 
lower 
noise 
in 
high 
impedance 
circuitry. 
The 
low 
input 
currents 
also 
make 
it 
particularly 
well suited 
for long interval 
integrators 


or 
timers, 
sample 
and 
hold 
circuits 
and 
low 


frequency 
waveform 
generators. 
Further, 
replacing 
circuits 
where 
matched 
transistor 
pairs 
buffer 
the 


inputs 
of 
conventional 
IC op 
amps, 
it 
can 
give 


lower 
offset 
voltage 
and 
drift 
at 
a 
lower 
cost. 


The 
LM107 
is guaranteed 
over a -55°C 
to +125°C 
temperature 
range, 
the 
LM207 
from 
-25°C 
to 
+85°C 
and 
the 
LM307 
from 
O°C 
to 
+70°C. 


€? 


1 
1 
y' 


I 
- 
& 
l'iUT'UI 
L.,' 
, 


Order Number 
LM107H, 
LM207H 
or LM307H 
See NS Package HOSe 
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Order Number 
LM107J, 


LM207J 
or LM307J 
See NS Package JOSA 
Order Number 
LM307N 
See NS Package NOSA 


Order Number 
LM107J·14, 


LM207J·14 
or LM307J·14 
See NS Package J14A 


Absolute 
Maximum 
Ratings 


LM107/LM207 
LM307 


Supply Voltage 
±22V 
±18V 
TMIN 
TMAX 


Power Dissipation (Note 1) 
500 mW 
500 mW 
Differential Input Voltage 
±30V 
±30V 
LM107 
-55°C 
+125°C 


Input Voltage (Note 2) 
±15V 
±15V 
LM207 
-25°C 
+85°C 
Output Short-Circuit 
Duration 
Indefinite 
Indefinite 
Operating 
Temperature 
Range 
LM307 
DoC 
+70°C 
(LM107) 
-5SoC 
to +12SoC 
O°C to +70°C 
ILM207) 
-2SoC 
to +8SoC 


Storage 
Temperature Range 
-6SoC 
to +1S0°C 
-6SoC 
to +150°C 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 
300°C 


Electrical 
Characteristics 
(Note 31 


PARAMETER 
LM107/LM207 
LM307 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
TA = 25°C, RS S 50 k,Q 
0.7 
2.0 
2.0 
7.5 
mV 


Input Offset Current 
TA = 25°C 
1.5 
10 
3.0 
50 
nA 


Input Bias Current 
TA = 25°C 
30 
75 
70 
250 
nA 


Input Resistance 
TA = 25°C 
1.5 
4.0 
0.5 
2.0 
M,Q 


Supply Current 
TA = 25°C 


Vs = ±20V 
1.8 
3.0 
mA 
Vs = ±15V 
1.8 
3.0 
mA 


Large Signal Voltage 
TA = 25°C, Vs = ±15V 


Gain 
VOUT = ±10V, 
RL:::: 2 k,Q 
50 
160 
25 
160 
V/mV 


Input Offset Voltage 
RS S 50 k,Q 
3.0 
10 
mV 


Average Temperature 
3.0 
15 
6.0 
30 
Ilvtc 
Coefficient 
of Input 


Offset Voltage 


Input Offset Current 
20 
70 
nA 


Average Temperature 
25°C S TA S TMAX 
0.01 
0.1 
0.01 
0.3 
nAtC 
Coefficient 
of Input 
TMIN STA 
S25°C 
0.02 
0.2 
0.02 
0.6 
nA/oC 
Offset Current 


Input Bias Current 
100 
300 
nA 


Supply Current 
TA = +125°C, Vs = ±20V 
1.2 
2.5 
mA 


Large Signal Voltage 
Vs = ±15V, VOUT = ±10V 
15 


Gain 
RL:::: 2 k,Q 
25 
V/mV 


Output 
Voltage Swing 
Vs = ±15V 


RL = 10 k,Q 
±12 
±14 
±12 
±14 
V 


RL = 2 k,Q 
±10 
±13 
±10 
±13 
V 


Input Voltage Range 
Vs = ±20V 
±15 
V 
Vs = ±15V 
+15 
±12 
+15 
V 
-13 
-13 


Common Mode 
RS S 50 k,Q 
80 
96 
70 
90 
dB 


Rejection 
Ratio 


Supply Voltage 
RS S 50 k,Q 
80 
96 
70 
96 
dB 


Rejection 
Ratio 


Note 1: 
The maximum 
junction 
temperature 
of the LM107 
is 150°C, and the LM207/LM307 
is lOOoe. 
For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal 
resistance of 150°C/W, junction 
to ambient, 
or 45°C/W, 
junction 
to case. The 
thermal resistance of the dual·in·line 
package is 100°C/W, junction 
to ambient. 


Note 2: 
For supply voltages lessthan -15V, 
the absolute maximum 
input voltage is equal to the supply voltage. 


Note 3: 
These specifications 
apply for ±5V S Vs S +20Vand~55°C 
S TA :S+125°Cforthe 
LM1070r-25°CsTA::S+85°Cforthe 
LM207, 
and 
0° CST 
A S +70° C and ±5V S Vs S ±15V for the LM307 unless otherwise specified. 
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LM108/LM208/LM308 Operational Amplifiers 


The LM108 series are precision operational 
ampli- 


fiers 
having specifications 
a factor 
of ten better 


than 
FET 
amplifiers 
over 
a -55°C 
to 
+125°C 
temperature 
range_ Selected 
units 
are available 


with 
offset 
voltages less than 
1.0 mV and drifts 


less than 5!Nfc, 
again over the military 
tempera- 


ture 
range_ This 
makes it 
possible to 
elimi nate 


offset 
adjustments, 
in 
most 
cases, and 
obtain 
performance 
approaching 
chopper 
stabilized 
amplifiers. 


The 
devices operate 
with 
supply 
voltages from 


±2V to ±20V and have sufficient 
supply rejection 


to use unregulated 
supplies. Although 
the circuit 
is interchangeable with and usesthe same compen- 
sation as the LMl 01 A, an alternate compensation 
scheme can be used to make it particularly 
insen- 


sitive to power supply 
noise and to make supply 


bypass capacitors 
unnecessary_Outstanding 
char- 


acteristics include: 


• 
Maximum 
input 
bias current 
of 
3.0 nA 
over 


temperature 


• 
Offset 
current 
less than 400 pA over tempera- 


ture 


• 
Supply 
current 
of only 300 IlA, 
even in satura- 


tion 


• 
Guaranteed drift 
characteristics 


The low current 
error of the LM 108 series makes 


possible many designs that 
are not practical with 
conventional 
amplifiers. 
In fact, 
it operates from 
10 MQ 
source resistances, introducing 
less error 
than 
devices 
like 
the 
709 with 
10 kQ 
sources. 


Integrators 
with 
drifts 
less than 500 IlV /sec and 
analog time 
delays in excess of one hour 
can be 


made using capacitors 
no 
larger than 
1 Il F. 


The LM108 is guaranteed from -55°C 
to +125°C, 


the LM208 from -25°C 
to +85°C, and the LM308 
from O°C to +70°C. 
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Supply Voltage 
Power Dissipation 
(Note 1) 
Differential 
Input Current 
(Note 2) 


Input Voltage (Note 3) 
Output 
Short-Circuit 
Duration 
Operating Temperature 
Range 
(LM 108) 
(LM208) 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 10 seconds) 


LM108!LM208 


±20V 


SOOmW 
±10mA 
±lSV 


Indefinite 
-SSoC to +12SoC 
-2So C to +8SoC 
--£SoC to +lS0°C 


300°C 


--£SoC to +lS0°C 


300°C 


LM308 


±18V 


SOOmW 
±10mA 


±lSV 


Indefinite 
O°C to +70°C 


Electrical 
Characteristics 
(Note 4) 


PARAMETER 
CONDITIONS 
lMl08/lM208 
lM308 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset 
Voltage 
TA = 25°e 
0.7 
2.0 
2.0 
7.5 
mV 


Input 
Offset Current 
TA = 25°e 
0.05 
0.2 
0.2 
1 
nA DI 
Input 
Bias Current 
TA = 25°e 
0.8 
2.0 
1.5 
7 
nA 


Input 
Resistance 
TA = 25°e 
30 
70 
10 
40 
Mrl 


Supply 
Current 
TA = 25°e 
0.3 
0.6 
0.3 
0.8 
mA 


Large Signal Voltage 
Gain 
TA = 25°e, Vs = ±15V, 
50 
300 
25 
300 
V/mV 


VOUT = ±10V, Rl ~ 10 krl 


Input Offset Voltage 
3.0 
10 
mV 


Average Temperature 
3.0 
15 
6.0 
30 
/lvte 


Coefficient 
of Input Offset 


Voltage 


Input 
Offset Current 
0.4 
1.5 
nA 


Average Temperature 
0.5 
2.5 
2.0 
10 
pAte 


Coefficient 
of Input Offset 


Current 


Input 
Bias Current 
3.0 
10 
nA 


Supply 
Current 
TA=125°e 
0.15 
0.4 
mA 


Large Signal Voltage 
Gain 
Vs = ±15V, VOUT= ±10V 
25 
15 
V/mV 


Rl::>10krl 


Output 
Voltage 
Swing 
Vs = ±15V, Rl = 10krl 
±13 
±14 
±13 
±14 
V 


Input Voltage 
Range 
Vs = ±15V 
±13.5 
±14 
V 


Common-Mode 
Rejection 
85 
100 
80 
100 
dB 


Ratio 


Supply Voltage 
Rejection 
80 
96 
80 
96 
dB 


Ratio 


Note 
1: 
The 
maximum 
junction 
temperature 
of the 
LM108 
is 1500 C, for the LM208, 
100° C and for the LM308, 
85° C. For operating 
at elevated 
temperatures, 
devices in the TO-S package must be derated 
based on a thermal 
resistance of 150oC/W, 
junction 
to ambient, 
or 45°C/W, 
junction 
to 
case. The thermal 
resistance of the dual-in-line 
package is 100oC/W, 
junction 
to ambient. 


Note 
2: 
The 
inputs are shunted 
with 
back-to-back 
diodes for overvoltage 
protection. 
Therefore, 
excessive current 
will flow 
if a differential 
input 
voltage in excess of 1V is applied 
between 
the inputs unless some limiting 
resistance is used. 


Note 3: 
For supply voltages less than ±1SV, 
the absolute maximum 
input voltage is equal to the supply voltage. 


Note 
4: 
These 
specifications 
apply 
for 
±5V 
::; Vs 5 ±20V 
and -65°C::; 
TA::; 
12SoC, 
unless otherwise 
specified. 
With 
the 
LM208, 
however, 
all temperature 
specifications 
are limited 
to -2SoC::; 
TA $ 85°C, 
and for the LM308 
they are limited 
to O°C S TA $. 70°C. 


Typical Performance Characteristics 
LM108/LM208 
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Typical Performance 
Characteristics 
LM308 


I"put 
Currents 
Offset 
Error 
Drift Error 


4 


I 
> 1000 
1000 


3 


.5 


I 
~ 
DOC < TA < t70°C 


2 
'" 
TA" 
25'C 
1 
BIAS 
~ 
;:; 


1 
e 
100 
~ 
100 
> 
~ 
I 
~ 
z 
0 
'" 


MAXIMUM 
'" 
I 
e 
'" 
'" 
:> 
0,25 .......1--- 


o,I'SET- 


e 
'" 
u 
~ 
~ 0.20 
- 
:> 
10 
MAX 
~ 
10 
:> 
TYPICAL 
z 
--'- 
z 
~ 
0.15 
~ 


I 
z 
TYPICAL 
0.10 


I 
'" 
0 
> 
1.0 
I1111I11 
I I 
1.0 


0 
10 
20 
30 
40 
50 
60 
70 
80 
~ 
lOOK 
1M 
10M 
100M 
lOOK 
1M 
10M 
100M 


TEMPERATURE 
( C) 
INPUT 
RESISTANCE 
(!2J 
INPUT 
RESISTANCE 
(1"U 


Input 
Noise Voltage 
Power Supply Rejection 
Closed Loop Output 
Impedance 


1000 I 


120 
10' 
Vs" 
.:!.15V 
~ 


100 
•..•. 
1A:: 
25°C 
/ 
/ 
f'.: 
AVI~ 1 
10' 
, 


~ 
~ 
" 
80 
" 
- 
""" '\~ ~ 
z 
i'..... f'.-. 
RPOSITIVESUPPLY 
~ 


Rs" 
1M 
e 
z 


100~~K 
~ 


60 
~ 


10' 
\ I 1')« 
Av: 
~ CF 
30" 
K", 
" 
~ 
40 
~ 
~ 


> 
'v ~.J 
~ 
10" 
A,," 
1000. Cf" 
OpF 
~ 
:> 
Av" 
11)00. Cf ~ 30 pF 
:> 
i 


~ 
~ 
/ 
z 
20 
NEGATIVE 
SUPPl Y 
~ 
I 
~A" 
251~C 
,\.•.~ 
:> 
--CpJOpF 
e 
10-1 


0 
---C$ 
:100pF 
- 
-- 


IOUT"1.1 
mA 


Vs" 
.:!.15V 
10 
-20 
10-' 


10 
100 
lK 
10K 
lOOK 
100 
lK 
10K 
tOOK 
1M 
10M 
10 
100 
lK 
10K 
lOOK 
1M 
10M 


FREQUENCY 
(Hz) 
FREQUENCY 
(Hz) 
FREQUENCY 
(Hz) 


Voltage 
Gain 
Output 
Swing 
Supply 
Current 


120 
15 
400 
f"':::F: 
Vs" 
'15V 
TA! 0 C- 
350 


TA~h 
""""I: 
TA" 
70 'C" 
1 
300 
TA 
- 25"C 


~ 
~ 
110 
- 
10 
~ 
j..-- 
TA 
= 70 C 
z 
-, 
- 
~ 
z 
250 
~ 
L..- "" 
Z 
TA = 25 C 
'" 
j..-- 
~ 
'" 
200 
~ 
~=70~C 
TA 
= 25"C 
~ 
TAl~0 C 
:> 
~ 
~ 
> 
150 
100 
~ 
5 
Ct=O 
:> 
> 
e 
:> 
100 
t= 
100 HI 


50 


90 
0 
0 


5 
10 
15 
20 
0 
2 
4 
6 
8 
5 
10 
15 
20 


SUPPLY 
VOLTAGE 
(tVI 
OUTPUT 
CURRENT 
(!mA) 
SUPPLY VOLTAGE 
(!V) 


Open 
Loop 
large 
Signal 
Voltage 
Follower 
Frequency 
Response 
Frequency 
Response 
Pulse Response 


120 
16 -.~ 


10 


I 
I 


~ ~ 
~l = ~ IIF+- Cf " J IIt!lr 


180 
4 


TA 
: 
25°C 
8 
100 
Vs = !15V 
I 
6 


~ 
"- 
"- 
~ 
~ 
12 
~ - 
I 
80 
Cs = 100 p'F----' 
135 '" 
Ct= 
3 pF 
~ 
4 
"- 
~ 
,. 
-1 
z 
INPUT 
/ 
z 
"- 
~ 
~ 
2 
~ 
60 
z 
\ 
OUTPUT 
- 
;/ 
90 
,. ~ 
8 - 
0 
~ 
~ .., 
~ ~ I 


~ 
/ 
'" 
40 
C,: 
30 pF 
:> 
- 
~ 


-2 
~ 
\ 
TA~~5I- 
e 
20 
GAIN -- 
"- 
"- 
45 ~ 
:> 
-4 
> 
e 
4 - 
PHASE 
--- 


-6 
Vs= 
'15V_ 


0 
Cs=IOO~~ 
&= 
- 
Cf=30pF 
-8 
Cp' 
30 pF 
0 
;;;;; 
I 
I 
-20 
0 - 
-10 
1 
10 
100 
lK 
10K 
lOOK 
1M 
10M 
lK 
10K 
lOOK 
1M 
0 
20 
40 
60 
80100120140160 


FREQUENCY 
(Hz) 
FREOUENCY 
(H,) 
TIME (ps) 


c, 


r_ 


l00pf 


"'Impl'owe$rejedionolp_ 
wppfy 
noiwby.t,.:;loI 
often. 


C1:?: 
R~1+C;2 


Co"'JOpF 


'Tltlan,polyethylene" 


polye ••.bon.ledie4.::tric 


tlpacRO! 
Womc •• dtift 
lessthln2.5mVlUJe 


.• 
In tddition 
to illtf_"'SIInd. 


the lM101AniMIlrlith.ndh", 
'•.••• 
IlnlCY•••• i_outp.t 
*'" tlpnilrty 
,ntI e4imiMns 


tMlnIIlfeedbtell. 


8, 


COM' 
COM'Z 


IN'UT- 
Z 
1 
V' 


, 
. 
. 


'"'Ufo 
ounUT 


'r 
I 
5 
Ne 


Order Number 
LM108H 
LM208H 
or LM308H 
See NS Package H08e 


Order Number 
LM10BJ, 


LM20BJ or LM308J 
Soe NS Package J14A 


Order Number 
LM108J-8, 


LM20BJ-8 
or LM308J-8 


See NS Package J08A 


Order Number 
LM308N 


Soe NS Package N08B 
~Pln connections 
shown on schematiC dl.ilgflm are lor TO·S pICkage. 


··Unused 
pin (no InlfflYl connection) to allow tor mput ilntr·luh!lt 
•.••rdlln!lo"ptintedclrtUllb~rdllyoul. 
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National 
Operational Amplifiers/Buffers 


~ 
Semiconductor 


LM108A1LM208A1LM308A, LM308A·1, LM308A·2 
Operational Amplifiers 
General 
Description 


The 
LM108/LM108A 
series 
are 
precision 
opera· 


tional 
amplifiers 
having 
specifications 
about 
a 
factor 
of 
ten 
better 
than 
FET 
amplifiers 
over 
their 
operating 
temperature 
range. 
In addition 
to 
low 
input 
currents, 
these 
devices 
have 
extremely 
low offset 
voltage, 
making 
it possible 
to eliminate 
offset 
adjustments, 
in 
most 
cases, 
and 
obtain 
performance 
approaching 
chopper 
stabilized 


amplifiers. 


The 
devices 
operate 
with 
supply 
voltages 
from 


±2V 
to ±18V 
and 
have 
sufficient 
supply 
rejection 


to use unregulated 
supplies. 
Although 
the circuit 
is 


interchangeable 
with 
and 
uses the same compensa- 


tion 
as 
the 
LM101A, 
an 
alternate 
compensation 


scheme 
can 
be used 
to make 
it particularly 
insensi- 
tive 
to 
power 
supply 
noise 
and 
to 
make 
supply 
bypass 
capacitors 
unnecessary. 
Outstanding 
char· 
acteristics 
include: 


• 
Offset 
voltage 
guaranteed 
less than 
O.S mV 


• 
Maximum 
input 
bias 
current 
of 
3.0 nA 
over 
temperature 


• 
Offset 
current 
less than 
400 
pA 
over 
tempera· 


ture 


• 
Supply 
current 
of 
only 
300!'A, 
even 
in 


saturation 


• 
Guaranteed 
S !,vtc 
drift. 


• 
Guaranteed 
1 !,vtc 
for 
LM308A·1 


The 
low current 
error 
of the 
LM 108A series 
makes 


possible 
many 
designs 
that 
are 
not 
practical 
with 


conventional 
amplifiers_ 
In fact, 
it operates 
from 


10 Mn 
source 
resistances, 
introducing 
less 
error 


than 
devices 
like the 
709 with 
10 kn 
sources. 
Inte- 


grators 
with 
drifts 
less than 
SOO!'V Isec and analog 


time 
delays 
in 
excess 
of 
one 
hour 
can 
be 
made 


using capacitors 
no larger 
than 
1 !,F. 


The 
LM208A 
is identical 
to the 
LM 108A, 
except 


that 
the 
LM208A 
has its performance 
guaranteed 


over 
a -2SoC 
to 8SoC 
temperature 
range, 
instead 


of 
-SSoC 
to 
12SoC. 
The 
LM308A 
devices 
have 
slightly·relaxed 
spe2ificatio~s 
and 
performance 


guaranteed 
over 
a 0 C to 70 
C temperature 
range. 
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LM108A1LM208A 
Absolute Maximum Ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential 
Input Current (Note 2) 
Input Voltage (Note 3) 
Output Short-Circuit 
Duration 


Operating Temperature Range 
LM 108A 
LM208A 


Storage Temperature Range 
Lead Temperature (Soldering, 10 secl 


±20V 
SOOmW 
±10mA 


±lSV 


Indefinite 
-SSoC to 12SoC 


-2SoC to 8SoC 


-6SoC to lS0°C 
300°C 


T A = 2Soc 


T A = 2Soc 


T A = 2Soc 


T A = 2Soc 


T A = 2Soc 


T A = 2Soc, Vs = ±1SV 


VOUT 
= ±lOV, RL ~ 10 kH 


Average Temperature 
Coefficient 
of Input 
Offset Voltage 


Average Temperature 
Coefficient 
of Input 


Offset Current 


Vs = ±1SV, VOUT 
= ±lOV 


RL~10kH 


Vs = ±1SV, RL = 10 kH 


Common Mode Rejection 


Ratio 


Supply Voltage Rejection 


Ratio 


TYP 
MAX 


0.3 
O.S 


O.OS 
0.2 


0.8 
2.0 


70 


0.3 
0.6 


300 


1.0 


Note 
1: 
The maximum 
junction 
temperature 
of the LM108A 
is 1S0°C, while that of the LM208A 
is 


100 


0 C. For operating 
at elevated 
temperatures, 
devices 
in the TO-5 
package 
must 
be derated 
based 
on 


a thermal 
resistance of 
150 


QC/W, 
junction 
to ambient, 
or 4SoC/W, 
junction 
to case. The 
thermal 


resistance of the dual-in-line package is lOQaC/W, junction to ambient. 


Note 2: 
The 
inputs are shunted 
with 
back-la·back 
dIodes for 
overvoltage 
protection. 
Therefore, 


excessIve 
current 
will flow 
If a differential 
input 
voltage in excess 
of 
lV 
1$ applied between the inputs 


unless some limiting resistance IS used. 


Note 3: 
For 
supply voltages less than ±15V, 
the absolute maximum 
input 
voltage is equal to the 


supply voltage. 


Note 4: 
These specifications apply for ±5V 
~ 
Vs ~ ±20V 
and _55°C 
~ T A ~ 
125°C, 
unless other- 
wIse 
specified. 
With 
the LM208A, 
however, 
all 
temperature 
specifications 
are 
limited 
to 
_25°C ::;TA :'0: 85°C. 


Absolute Maximum Ratings 


Supply Voltage 
Power Dissipation (Note 1J 
Differential 
Input Current (Note 2) 
Input Voltage (Note 3) 
Output Short·Circuit 
Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 see) 


Input Offset Voltage 


Input Offset Current 


Input Offset Voltage 


LM308A 


LM308A·1 


LM308A·2 


Average Temperature 
Coefficient 


of Input Offset Voltage 


LM308A 


LM308A·1 


LM308A·2 


Input Offset Current 


Average Temperature 
Coefficient 


of Input Offset Current 


Input Bias Current 


Input Voltage Range 


Common·Mode 
Rejection 
Ratio 


±18V 
500 mW 
±10 mA 
±15V 


Indefinite 


O°C to 70°C 
_65°C to 150°C 
300°C 
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TYP 
MAX 
UNITS 


0.3 
0.5 
mV 


0.2 
1 
nA 


1.5 
7 
nA 


40 
Mn 


~ 
0.3 
0.8 
mA 


300 
V/mV 


CONDITIONS 


TA=25"C 


TA = 25°C 


TA = 25°C 


TA = 25°C 


TA = 25°C, Vs = ±15V 


TA = 25°C, Vs= 
±15V, 


VOUT = ±lOV, 
RL?: 
10 kn 


Vs = ±15V, 
RS = lOOn 


0.73 
mV 


0.54 
mV 


0.59 
mV 


5.0 
IlVtC. 


1.0 
/lvtc 


2.0 
IlV/oC 


1.5 
nA 


10 
pAte 


10 
nA 


V/mV 


V 


V 


dB 


dB 


VS=±15V, 
VOUT=±10V 
60 


RL?:10kn 


Vs = ±15V, 
RL = 10 kn 
±13 
±14 


Vs = ±15V 
±14 


96 
110 


96 
110 


Note 1: 
The maximum 
junction 
temperature 
of the LM308A, 
LM308-1 
and LM308-2 
is 8SoC. 
For operating at elevated temperatures, 
devices in 
the TO-S 
package must be derated 
based on a thermal 
resistance of 
150°C/W, 
junction 
to ambient, 
or 4SoC/W. 
junction 
to case. The thermal 
resistance of the dual-in-line 
package is 100°C!W 
junction 
to ambient. 


Note 2: 
The inputs are shunted with 
back-ta-back 
diodes for overvoltage protection. 
Therefore, 
excessive current will flow if a differential 
input 
voltage in excess of 1V is applied between the inputs unless some limiting resistance is used. 


Note 3: 
For supply voltages lessthan ±15V, 
the absolute maximum 
input voltage is equal to the supply voltage. 


Note 4: 
These specifications apply for ±5V::; 
Vs::; 
± 15V 
and O°C::; TA::; 70°C, 
unless otherwise specified. 


error 
can cause the apparent 
circuit 
drift 
to be 


much higher than would be predicted. 


Thermocouple 
effects caused by temperature grad- 


ient across dissimilar metals are perhaps the worst 
offenders. 
Only 
a few degrees gradient can cause 


hundreds 
of microvolts 
of error. The two 
places 


this shows up, generally, are the package-to print- 
ed circuit board interface and temperatu re gradients 
across resistors. Keeping package leads short and 
the two 
input 
leads close together 
help greatly. 


Resistor choice 
as well 
as physical placement 
is 


important 
for 
minimizing 
thermocouple 
effects. 


Carbon, oxide film 
and some metal film 
resistors 


can cause large thermocouple 
errors. Wirewound 
resistors of 
evanohm or manganin are best since 


they 
only 
generate about 
2 /lV fc 
referenced to 
copper. 
Of course, keeping the resistor ends at 
the 
same 
temperature 
is 
important. 
General- 


ly, 
shielding 
a low 
drift 
stage electrically 
and 
thermally 
will 
yield 
good 
resuIts. 


Resistors can cause other 
errors besides gradient 
generated voltages. If the gain setting resistors do 
not track with 
temperature a gain error will result. 


For example a gain of 1000 amplifier 
with a con- 


Ill-R)·Fl. 
A"HCE"V(~) 
(U¥n) 


GAIN'~ 


erature range, the error at the output 
is 50 mY. 
Referred to input, this is a 50 /lV error. All of the 
gain fixing resistor should be the same material. 


Offset balancing the LM308A-l 
can be a problem 
since there is no easy offset 
adjustment 
incorpo- 
rated into the circu it. These devices are selected for 
low drift 
with 
no offset adjustment to the internal 


circuitry, 
so any change of the internal 
currents 
will 
change the drift 
- probably 
for 
the worse. 


Offset adjustment 
must be done at the input. The 


three most commonly 
needed circuits 
are shown 


here. 


Testing low drift 
amplifiers 
is also difficult. 
Stan- 
dard drift 
testing 
technique 
such as heating the 
device in an oven and having the leads available 
through 
a connector, 
thermoprobe, 
or the solder- 


ing iron method - do not work. Thermal gradients 
cause much greater errors than the amplifier 
drift. 


Coupling 
microvolt 
signal through 
connectors 
is 
especially 
bad since the 
tempe~ature difference 
across the connector 
can be 50 C or more. The 
device under test along with the gain setting resis- 
tor 
should 
be isothermal. 
The following 
circuit 


will 
yield 
good results if well 
constructed. 


Order Number 
LM108AH. 
LM208AH. 
LM308AH. 
LM308AH·l 
or LM308AH·2 
See NS Package H08C 


Order Number 
LM108AJ. 
LM208AJ. 
or LM308AJ 
See NS Package J14A 


Order Number 
LM108AJ-lI. 


LM208AJ-lI 
or LM308AJ-lI 
See NS Package J08A 


Order Number 
LM208AN 
or LM308AN 
See NS Package N08B 


~National 
~ 
Semiconductor 


Operational Amplifiers/Buffers 


LM110/LM210/LM310 Voltage Follower 


The 
LM110 
series 
are 
monolithic 
operational 


amplifiers 
internally 
connected 
as 
unity·gain 


non-inverting 
amplifiers. 
They 
use 
super-gain 


transistors 
in 
the 
input 
stage to 
get 
low 
bias 
current 
without 
sacrificing 
speed. Directly 
inter· 


changeable 
with 
101, 
741 
and 
709 
in 
voltage 
follower 
applications, 
these devices have internal 


frequency 
compensation 
and provision 
for 
offset 
balancing. 
Outstanding 
characteristics 
include: 


• 
Small signal bandwidth: 
20 MHz 


• 
Slew rate: 30V Ills 


• 
Supply voltage range: ±5V to ±18V 


The 
LM110 
series are useful in fast sample and 


hold 
circuits, 
active filters, 
or as general-purpose 


buffers. 
Further, 
the frequency 
response is enough 
better 
than 
standard 
IC 
amplifiers 
that 
the 


followers 
can be included 
in the 
feedback 
loop 
without 
introducing 
instability. 
They 
are plug·in 


replacements 
for 
the 
LM102 
series voltage 
fol- 
lowers, 
offering 
lower 
offset 
voltage, 
drift, 
bias 
current 
and noise in addition 
to higher speed and 
wider operating voltage range. 


The LM 110 is specified over a temperature 
range 


-55bC 
:::: 
TA 
:::: +125°C, 
the 
LM210 
from 


-25°C:::: 
TA 
:::: +85°C 
and 
the 
LM310 
from 
O°C:::: TA:::: +70°C. 
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Fast Inverting 
Amplifier 
with 


High Input Impedance 


(Note 3) 
LM110 
LM210 
LM310 


±18V 


500 mW 


±15V 


Indefinite 
-55°C to 125°C 
-25°C to 85°C 
O°C to +70°C 
-65°C to 150°C 
300°C 


Supply Voltage 
Power Dissipation 
(Note 1) 
Input Voltage (Note 2) 
Output 
Short Circuit 
Duration 
Operating 
Temperature 
Range 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 10 see) 


LM110 


TYP 


Input Offset Voltage 
TA = 25°C 


Input 
Bias Current 
TA = 25°C 


Input 
Resistance 
TA = 25°C 


Large Signal Voltage 


Gain 


Supply 
Current 


Input Offset Voltage 


Offset Voltage 


Temperature 
Drift 


Large Signal Voltage 


Gain 


Output 
Voltage 


Swing (Note 5) 


Supply 
Voltage 


Rejection 
Ratio 


1.5 


1.0 


1010 
1012 


1.5 


TA = 25°C, Vs = ±15V 
0.999 
0.9999 


VOUT = ±JOV, RL = 8 kfl. 


TA = 25°C 
0.75 


TA = 25°C 
3.9 


-55°C 
~ TA ~ +85°C 


TA=125°C 


O°C ~TA~+70°C 


1.5 


1.0 


1010 
1012 


LM210 


TYP 


LM310 


TYP 


Vs = ±15V, VOUT = ±10V 
0.999 


RL = 10kfl. 


Vs = ±15V, 
RL = 10 kfl. 
±10 


TA = 125°C 


±5V:O; Vs ~ ±18V 


2.5 


2.0 


1010 
1012 


1.5 


0.999 
0.9999 


Note 
1: 
The 
maximum 
junction 
temperature 
of the LM11Q 
is 150°C, 
of the LM210 
is lOOoe, 
and of the LM310 
is 8SoC. 
For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal 
resistance of 150°C/W, 
junction to ambient, or 4SoCIW. 


junction 
to case. The thermal resistance of the dual·in·line package is 100°C/W. 
junction 
to ambient. 


Note 2: 
For supply voltages lessthan ± 15V, the absolute maximum 
input voltage is equal to the supply voltage. 


Not83: 
Continuous 
short circuit for the LM110 
and LM210 
is allowed 
for case temperatures 
to 125°C and ambient 
temperatures 
to 70°C, and for 


the 
LM310. 
70°C case temperature 
or 55°C ambient 
temperature. 
It is necessary to insert a resistor greater than 2kn 
in series with the input when 


the amplifier 
is driven from 
low impedance 
sources to prevent damage when the output 
is shorted. 


Note 
4: 
These specifications 
apply 
for ±SV ~ Vs ~ ±18V 
and -55°C 
~ TA 
~ 
125°C 
for the LMll0. 
-25°C 
~ TA $; 8SoC for the LM210. and 
O°C <; TA ~ 70°C for the LM310 
unless otherwise 
specified. 


Note 
5: 
Increased 
output 
swing under 
load can be obtained 
by connecting 
an external 
resistor between 
the booster and V- 
terminals. 
See curve. 
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Typical 
Performance 
Characteristics 
(LMll0/LM210) 


Input 
Current 
Output Noise Voltage 
Large Signal Pulse 
Response 
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TEMPERATURE ,'CI 
FREQUENCY 
(Hd 
TIME 
(~s) 


Voltage 
Gain 
and 
Phase 
Lag 
Voltage 
Gain and Phase Lag 
Voltage 
Gain 
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FREOUENCY 
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(Hz) 
TEMPERATURE 
(OC) 


Output 
Resistance 
Symmetrical 
Output 
Swing 
Positive 
Output 
Swing 
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Large 
Signal 
Frequency 
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Order Number 
LMll0H. 
LM210H 
or LM310H 
See NS Package HOSe 


Dual-In-Line 
Package 


BALANCE 1 
B BALANCE 


NC 2 
1 V+ 
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6 OUTPUT 


V- 
4 
5 BOOSTER 


TOP VIEW 


Order Number 
LMll0J. 
LM210J 
or LM31 OJ 
See NS Package J14A 


~ 
National 
Operational Amplifiers/Buffers 


~ 
Semiconductor 


LM1121LM2121LM312Operational Amplifiers 


General Description 


The 
LM 112 
series are micropower 
operational 
amplifiers 
with 
very low offset-voltage 
and input- 


current 
errors-at 
least 
a 
factor 
of 
ten 
better 
than 
FET 
amplifiers 
over 
a -55°C 
to 
+125°C 
temperature 
range. Similar 
to the LM 108 series, 


that 
also use supergain transistors, 
they 
differ 
in 
that they include internal frequency compensation 
and have provisions 
for offset 
adjustment 
with 
a 
single potentiometer. 


These amplifiers 
will operate on supply voltages of 


±2V to ±20V, 
drawing a quiescent current of only 
300 J.1A. Performance 
is not appreciably 
affected 
over 
this 
range of 
voltages, 
so operation 
from 
unregulated 
power sources is easily accomplished. 
They can also be run from a single supply like the 
5V 
used for 
digital 
circuits. 
Some 
noteworthy 
features are: 


• 
Offset 
current 
less than 
400 pA 
over temper- 
ature 


• 
Low noise 


• 
Guaranteed drift 
specifications 


The 
LM112 
series are the 
first 
IC amplifiers 
to 
improve 
reliability 
by 
including 
overvoltage 
pro- 
tection 
for 
the 
MaS 
compensation 
capacitor. 
Without 
this 
feature, 
Ie's 
have been known 
to 
suffer 
catastrophic 
failure 
caused 
by 
short- 
duration 
overvoltage spikes on the supplies. Unlike 
other 
internally-compensated 
IC amplifiers, 
it 
is 


possible 
to 
overcompensate 
with 
an 
external 
capacitor to increase stability 
margin. 


The LM212 
is identical to the LM112, except that 
the LM212 has its performance 
guaranteed over a 
_25°C 
to 
85°C 
temperature 
range 
instead 
of 


-55°C 
to 125°C. The LM312 
is guaranteed over a 
DoC to 70°C temperature 
range_ 
• 
Maximum 
input 
bias current 
of 
3 
nA 
over 
temperature 


c, 
"'J' 
11lO0pf 


Order Number LM112H, 
LM212H. 


or LM312H 
See NS Package H08e 


N 
T"" 
Absolute Maximum Ratings 
('t) 
:!: 
lMl121lM212 
lM312 


...J 


SupplV 
Voltage 
±20V 
±18V 
N 


Power 
Dissipation 
(Note 
1) 
SOO mW 
SOOmW 


N 


Differential 
Input Current (Note 21 
±10 mA 
±10 
mA 


Input Voltage (Note 31 
±lSV 
±15V 
:!: 


Output 
Short-Circuit 
Duration 
Indefinite 
Indefinite 


Operating Temperature Range 
O°C to +70°C 
...J 


lMl12 
-5SoC to +12SoC 
N 
lM212 
-2SoC 
to +8SoC 


T"" 
Storage 
Temperature 
Range 
-6SoC 
to +150°C 
-6SoC 
to +150°C 


T"" 
Lead Temperature (Soldering, 10 seconds) 
300·C 
300·C 
:!: 
...J 


Electrical Characteristics 
(Note 4) 


LMl12/LM212 
LM312 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
TA = 25°C 
0.7 
2.0 
2.0 
7.5 
mV 


Input Offset Current 
TA = 25°C 
0.05 
0.2 
0.2 
nA 


Input 
Bias Current 
TA = 25°C 
08 
2.0 
1.5 
7 
nA 


Input 
Resistance 
TA = 25°C 
30 
70 
10 
40 
Mn 


Supply Current 
TA = 25°C 
0.3 
0.6 
0.3 
0.8 
mA 


Large Signal Voltage Gain 
TA = 25°C, Vs = ±15V 


VOUT = ±10V, 
RL ~ 10 kn 
50 
300 
25 
300 
V/mV 


Input Offset Voltage 
3.0 
10 
mV 


Average Temperature 


Coefficient 
of Input 


Offset Voltage 
3.0 
15 
6.0 
30 
INtC 


Input Offset Current 
0.4 
1.5 
nA 


Average Temperature 


Coefficient 
of Input 


Offset Current 
0.5 
2.5 
2.0 
10 
pAtC 


Input Bias Current 
3.0 
10 
nA 


Supply Current 
TA=125°C 
0.15 
0.4 
mA 


Large Signal Voltage Gain 
Vs = ±15V, VOUT = ±10V 


RL~10kn 
25 
15 
V/mV 


Output 
Voltage Swing 
Vs = ±15V, 
RL = 10 kn 
±13 
±14 
±13 
±14 
V 


Input Voltage Range 
Vs = ±15V 
±13.5 
±14 
V 


Common·Mode 
Rejection 
85 
100 
80 
100 
dB 


Ratio 


Supply Voltage 


Rejection 
Ratio 
80 
96 
80 
96 
dB 


Note 1: 
The maximum 
junction 
temperature 
of the LM112 
is 150°C, 
LM212 
is lOOue 
and LM312 
is 85°C. 
For operating 
at elevated 
temperatures, 
devices in the 
TO-5 
package must be derated 
based on a thermal 
resistance of 150°C/W, 
junction 
to ambient, 
or 4SoCIW, 
junction 
to case. The 
thermal 
resistance of the dual-in-line 
package is lOO°C/W, 
junction 
to ambient. 


Note 2: 
The 
inputs are shunted 
with 
shunt diodes for overvoltage 
protection. 
Therefore, 
excessive current 
will flow 
if a differential 
input voltage 
in excess of 1V is applied 
between 
the inputs unless some limiting 
resistance is used. 


Note 3: 
For supply voltages less than! 
15V, 
the absolute maximum 
input voltage is equal to the supply vOltage. 


Note 
4: 
These 
specificalions 
apply 
for 
±SV 
5. Vs 
5. ±20V 
and -5S·C 
5. T A 5. +12SoC 
(LM112), 
-2S·C 
5. TA 5. +8S·C 
(LM21 2), ±SV 
5. Vs 5. 
t15V 
and OoC ~ TA ~ +70°C 
(LM3121 
unless otherwise 
noted. 
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LM118/LM218/LM318 Operational Amplifiers 


General 
Description 


compensated amplifiers, 
external frequency 
com 


pensation may beadded for optimum 
performance 


For inverting 
applications, 
feedforward 
com pen 
sation will 
boost the slew rate to over 150V Ills 


and almost double the bandwidth. 
Overcompensa· 


tion 
can be used with 
the amplifier 
for greater 
stability 
when max imum bandwidth 
is not needed. 


Further, a single capacitor can be added to reduce 
the 0.1% settling time to under 1lIs. 


The high speed and fast settling time of these op 
amps make them usefuI in AID 
converters, oscil· 


lators, active filters, 
sample and hold 
circuits, 
or 


general purpose amplifiers. These devices are easy 
to apply and offer 
an order of magnitude better 


AC performance 
than industry 
standards such as 


the LM709. 


The LMl18 
series are precision high speed opera' 
tional amplifiers designed for applications requiring 
wide bandwidth 
and high slew rate. They feature 
a factor of ten increase in speed over general pur- 
pose devices without 
sacrificing DC performance. 


• 
15 M Hz small signal bandwidth 


• 
Guaranteed 50V Ills slew rate 


• 
Maximum bias current of 250 nA 


• 
Operates from supplies of ±5V to ±20V 


• 
Internal frequency compensation 


• 
Input and output overload protected 


• 
Pin compatible with general purpose op amps 


The LMl18 
series has internal unity gain frequency 
compensation. This considerably simplifies its appli- 
cation 
since 
no external 
components 
are necessary 
for 
operation. 
However, 
unlike 
most 
internally 


The LM218 is identical to the LMl18 
except that 


the 
LM218 
has its performance 
specified over a 
-25°C 
to +85°C temperature 
range.The LM318 is 


specified from O°C to +70°C. 


Order Number 
LMllBH, 
LM21BH 
or LM31BH 
See NS Package HOBC 
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Order Number 
LMllBJ, 
LM21BJ 


or LM31BJ 
See NS Package J14A 


Mu< __'g"_-' 
l"'UI 
I 
1 
v' 


INPUT 
l"'" 
I 
DUTtUT 


r 
' 
~ •.. 
UltO•••.-1 


Order Number LM118J·8, 


LM21BJ-B 
or LM31BJ-B 
See. NS Package JOBA 
Order Number LM318N 
See NS Package NaBS 


Supply Voltage 
Power Dissipation 
(Note 1) 


Differential 
Input Current 
(Note 2) 


Input Voltage 
(Note 3) 


Output 
Short-Circuit 
Duration 


Operating Temperature 
Range 


LMl18 
LM218 
LM318 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 seconds) 


±20V 


500 mW 
±10mA 
±15V 


Indefinite 


-55°C 
to +125°C 
-25°C 
to +85°C 


O°C to +70°C 
-65°C 
to +150°C 


300°C 


LM118/LM218 
LM318 


PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
TA ~ 25°C 
2 
4 
4 
10 
mV 


Input Offset Current 
TA ~ 25°C 
6 
50 
30 
200 
nA 


Input 
Bias Current 
TA ~ 25°C 
120 
250 
150 
500 
nA 


Input Resistance 
TA ~ 25°C 
3 
0.5 
3 
Mrl 


Supply Current 
TA ~ 25°C 
5 
8 
5 
10 
mA 


Large Signal Voltage Gain 
TA ~ 25°C, Vs ~ ±15V 


VOUT ~ ±10V, 
RL:::: 2 krl 
50 
200 
25 
200 
V/mV 


Slew Rate 
TA ~ 25°C, Vs ~ ±15V, Av ~ 1 
50 
70 
50 
70 
V//1S 


Small Signal Bandwidth 
TA ~ 25°C, Vs ~ ±15V 
15 
15 
MHz 


Input Offset Voltage 
6 
15 
mV 


Input Offset Current 
100 
300 
nA 


Input 
Bias Current 
500 
750 
nA 


Supply Current 
TA~125°C 
4.5 
7 


Large Signal Voltage Gain 
Vs ~ ±15V, 
VOUT ~ ±10V 


RL:::: 2 krl 
25 
20 
V/mV 


Output 
Voltage Swing 
VS~±15V,RL~2krl 
±12 
±13 
±12 
±13 
V 


Input 
Voltage 
Range 
Vs ~ ±15V 
±11.5 
±11.5 
V 


Common-Mode 
Rejection 
Ratio 
80 
100 
70 
100 
dB 


Supply Voltage 
Rejection 
Ratio 
70 
80 
65 
80 
dB 


Not. 1: 
The maximum 
junction 
temperature 
of the LM 118 is 150°C, 
the LM218 
is 110° C, and the LM318 
is 110° C. For operati n9 at elevated 
temperatures, 
devices in the TO-S package must be derated based on a thermal resistance of 1500 C/W, junction tq ambient, or 4SoC/W, 
junction 
to case. The thermal resistance of the dual-in·line package is lOOoe/W, 
junction 
to ambient. 


Note 2: 
The inputs are shunted with back-ta-back 
diodes for overvoltage protection. 
Therefore, 
excessive current will flow if a differential 
input 


voltage in excess of 1V is applied between the inputs unless some limiting resistance is used. 


Note 3: 
For supply voltages less than ±15V, 
the absolute maximum 
input voltage is equal to the supply voltage. 
Not. 4: 
Thesespecificationsapply for ±SV < Vs < ±20V and-SSoC < TA < +12SoC,(LM1181,-2SoC 
< TA < +8SoC (LM2181, 
and O°C < 
TA 


~ +70°C 
(LM3181. 
Also, power supplies mustbe 
bypassed with O.1~F diSc ca~citors. 
- 
- 
- 


Typical 
Performance 
Characteristics 
LMl18, 
LM218 


Input 
Current 
Voltage 
Gain 
Power Supply Rejection 
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TEMPERATURE 
( C) 
SUPPlYVOlTAGE(·V) 
FREQUENCY 
(Hz) 


Input 
Noise 
Voltage 
Common Mode Rejection 
Supply 
Current 
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FREQUENCY 
(Hz) 
FREQUENCY 
(Hz) 
SUPPLY 
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(·V) 


Closed loop Output 
Impedance 
Current 
Limiting 
Input 
Current 
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FREOUENCY 
(Hz) 
OUTPUT 
CURRENT 
(mAl 
DIFFERENTIAL 
INPUT (V) 


Unity 
Gain 
Bandwidth 
Voltage 
Follower 
Slew 
Rate 
Inverter 
Settling 
Time 


24 
I 


130 


P~S1}'VE 
~LEl 


15 
~ 
22 
J,,1 


'5VH- 


120 - 
x 
:::::: 
Vs" 
20V 
10 


100tV 


t-- 
~ 
20 
- 
r-- 
~ 
x 
..•..• ..•..Rf:<.- 
110 


>- 
.I~ 
~s" 
10~~ 
....•• 


0 
5 
1 mV 
0 
18 
••••••1-.. •••••• 
.. 
'" 
~ 
~~ 
~ 
100 
>- 


16 
....., 
.....~:::::: 
~ 


0 
0 
V,'''5V 
~I' 
~ 
90 
> 
>- 
TA" 
25 C 
z 
'4 
NEGATIVE 
SLEW 
~ 
~ 
Vs" 
'5V 
....•• 
>- 
-5 
Rs" 
5 k!l 
1 mV 


11 
80 
IN-- 
~ 
100mV 
> 
....•• 
Vs" 
i15V 
0 
R.'5kl! 
,-pll- 
>- 
-10 
~ 
~ 
10 
70 
Rs" 
R,,, to kll 
Cf" 
10 pF 
10mV 


8 
60 
Cf ~ 5 pF 
-15 
C,.,' 
0.1 ,F 
I I 


-55-35-15 
5 
25 
45 
65 
85105125 
-55 
-35-15 
5 
25 
45 
65 
85105125 
0.03 
0.1 
0.3 
1 
3 


TEMPERATURE 
( C) 
TEMPERATURE 
f C) 
TIME 
(j.ls) 


~~ 


1\ 


T.~2U 


Vs= 
'15V 


r-r- 


"12- 


Large Signal Frequency 


Response 


z 
~ 
60 


~ 
40 


> 
20 


100 
lk 
10k 
lOOk 
1M 
10M 
lOIN 


FREQUENCY 
(Hz) 


10 


o 
o 
10 


~ 
110 
z~r 


05 


> 
100 


_ 
100 
z 
'"i 
\.\ 
'" 


10k 
lOOk 
1M 
10M 


FREQUENCY 
(Hz) 


20 


16 


12 


8 
• 
o 


-4 


-8 


-12 


-16 


-20 


-0.2 


20 


16 


12 


8 
• 
o 


-4 


-8 


-12 


-16 


-20 


-0.1 


I 


I 
I 


INPUT- 


I 
••••• 
1 
-tv+- 


-OUTPUT 


I I 


hi 
I 
'rt- 


'--OUTPUT 


i." 01 
).. 
- 
V[ ....•.. 
--- 
VT: 


1 
"25C 


Typical Performance 
Characteristics 
LM318 
(Continued) 


Closed Loop Output 
Impedance 
Current Limiting 
Input Current 
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FREQUENCY 
(Hz) 
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DIFFERENTIAL 
INPUT 
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Slew Rate 
Inverter 
Settling 
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LM124lLM2241LM324, LM124A1LM224A1LM324A, LM2902 
Low Power Quad Operational Amplifiers 


General Description 
Advantages 


The 
LM124 
series consists of 
four 
independent, 
high 


gain, internally 
frequency 
compensated operational 
am· 
plifiers which were designed specifically 
to operate from 


a single power 
supply 
over a wide 
range of voltages. 
Operation 
from 
split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 


Application 
areas include transducer amplifiers, 
dc gain 


blocks and all the conventional 
op amp circuits 
which 


now 
can be more easily implemented 
in single power 
supply 
systems. For example, the LM124 series can be 
directly 
operated 
off 
of 
the standard 
+5 V DC power 


supply 
voltage which 
is used in digital systems and will 


easily provide the required interface electronics without 
requiring the additional 
±15 VDC 
power supplies. 


• 
In the linear mode the input common-mode 
voltage 
range includes ground and the output 
voltage can also 
swing to ground, 
even though operated from 
only a 
single power supply voltage. 


• 
The 
unity 
gain 
cross 
frequency 
is 
temperature 
compensated. 


• 
The 
input 
bias 
current 
is 
also 
temperature 
compensated. 


• 
Eliminates 
need 
for 
dual 
supplies 


• 
Four 
internally 
compensated 
op 
amps 
in a single 


package 


• 
Allows 
directly 
sensing near GND 
and VOUT 
also 


goes to 
GND 


• 
Compatible 
with 
all forms 
of 
logic 


• 
Power drain suitable for battery 
operation 


• 
Internally 
frequency compensated for unity gain 


• 
Large dc voltage gain 
100 dB 


• 
Wide bandwidth 
(unity gain) 
1 MHz 


(temperature compensated) 


• 
Wide power supply range: 
Single supply 
3 V DC to 30 V DC 
or dual supplies 
±1.5 VDC to ±15 VDC 


• 
Very 
low supply current 
drain (800IlA) 
- 
essentially 


independent 
of 
supply 
voltage 
(1 
mW/op 
amp at 
+5 VDcl 


• 
Low input biasing current 
45 nADC 


(temperature compensated) 


• 
Low input offset voltage 
2 mV DC 
and offset current 
5 nADC 


• 
Input 
common-mode 
voltage range includes ground 


• 
Differential 
input 
voltage range equal to the power 
supply voltage 


• 
Large output 
voltage 
a V DC to V+ - 1.5 V DC 
swing 


Order Number 
LM124J, LM124AJ, 


LM224J, LM224AJ, LM324J, 
LM324AJ or LM2902J 
See NS Package J14A 


Order Number LM324N, LM324AN 
or LM2902N 
See NS Package 
N14A 


Absolute 
Maximum 
Ratings 
LM124/LM224/LM324 
LM124/LM224/LM324 
LM2902 
LM124A/LM224A/LM324A 
LM2902 
LM124A1LM224A/LM324A 


Supply 
Voltage, 
V+ 
32 VDC or ±16 VDC 
26 VDC or ±13 VDC 
Input Current (VIN <-0.3VDCI 
(Note 31 
50 mA 
50 mA 


Differential 
Input 
Voltage 
32 VDC 
26 VDC 
Operating Temperature 
Range 
-40°C 
to +8SoC 


Input 
Voltage 
-0.3 
VDC to +26 VDC 
-0.3 VDC to +26 VDC 
LM324/LM324A 
O°C to +70°C 


Power Dissipation 
(Note 
1) 
LM224/LM224A 
-25°C 
to +85°C 


Molded DIP 
570 mW 
570 mW 
LMI24/LMI24A 
--5SoC to +12SoC 


Cavity 
DIP 
900 mW 
Storage 
Temperature 
Range 
-GSoC to +150°C 
-65°C 
to +150°C 


Flat Pack 
800 mW 
Lead 
Temperature 
(Soldering, 
10 seconds) 
300°C 
300°C 


Output 
Short·Circuit 
to GND 
(One 
Amplifier) 
(Note 
2) 
Continuous 
Continuous 
V+:o; 15 VDC and TA = 25°C 


Electrical Characteristics 
(v+ = +5.0 VDC, Note 4) 


LM124A 
LM224A 
LM324A 
LM124/LM224 
LM324 
LM2902 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset 
Voltage 
TA = 25°C. INote 51 
1 
2 
1 
3 
2 
3 
±2 
±5 
±2 
±7 
±2 
±7 
mVDC 


Input 
8ias 
Current 
IINI+) 
or IIN(-I. 
TA = 25°C 
20 
50 
40 
80 
45 
100 
45 
150 
45 
250 
45 
250 
nADC 


(Note 61 


Input 
Offset 
Current 
IINI+)-IINI-I. 
TA = 25°C 
2 
10 
2 
15 
5 
30 
±3 
±30 
±5 
±50 
±5 
±50 
nADC 


Input 
Common-Mode 
V+ = 30 VDC. TA = 25°C 
0 
V+-l.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-l.5 
VDC 


Voltage 
Range 
(Note 
7) 


Supply 
Current 
RL = =. VCC = 30V. ILM2902 
VCC = 26V) 
1.5 
3 
1.5 
3 
1.5 
3 
1.5 
3 
1.5 
3 
1.5 
3 
mADC 


RL 
= 00 On 
All 
Op 
Amps 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
mADC 


Over 
Full 
Temperature 
Range 


Large 
Signal 
Voltage 
V+ 
:: 15 V DC 
(For 
Large 
Vo 
Swing) 
50 
100 
50 
100 
25 
100 
50 
100 
25 
100 
100 
V/mV 


Gain 
RL?2kll.TA=25°C 


Output 
Voltage 
Swing 
RL = 2 kll. 
TA = 25°C (LM2902 
RL? 
10 km 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-l.5 
0 
V+-l.5 
VDC 


Common-Mode 
DC. TA = 25°C 
70 
85 
70 
85 
65 
85 
70 
85 
65 
70 
50 
70 
dB 


Rejection 
Ratio 


Power 
Supply 
DC, TA = 25°C 
65 
100 
65 
100 
65 
100 
65 
100 
65 
100 
50 
100 
dB 


Rejection 
Ratio 


Ampl 
ifier·to-Ampl 
ifier 
f" 1 kHz to 20 kHz. TA = 25"C 
-120 
-120 
-120 
-120 
-120 
-120 
dB 


Coupling 
(Note 
8) 
(Input 
Referredl 


Output 
Current 


Source 
VIN+ = 1 VDC. VIN- 
= 0 VDC. 
20 
40 
20 
40 
20 
40 
20 
40 
20 
40 
20 
40 
mADC 


v+ = 15 VDC. TA = 25°C 


Sink 
VIN - = 1 VDG, VIN + "0 
VDC' 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
mADC 


v+ = 15 VDC. T A = 25°C 


VIN - = 1 VDG, VIN + = 0 VDG. 
12 
50 
12 
50 
12 
50 
12 
50 
12 
50 
!lADG 


TA = 25°C. Vo = 200 mVDC 


Short 
Circuit 
to Ground 
TA = 25"C. INote 21 
40 
60 
40 
60 
40 
60 
40 
60 
40 
60 
40 
60 
mADC 
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LM1241LM2241LM324, LM124AI 
LM224A/LM324A, 
LM2902 


Electrical Characteristics 
(Continued) 
I 
LM124A 
LM224A 
LM324A 
LM124/LM224 
LM324 
LM2902 
PARAMETER 
I 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
(Note 5) 
4 
4 
5 
±7 
±9 
±10 
mVOC 


Input Offset Voltage 
RS = on 
7 
20 
7 
20 
7 
30 
7 
7 
7 
JJ.Vt"C 


Drift 


Input 
Offset 
Current 
IIN(+I 
- tiNI-I 
30 
30 
75 
±100 
±150 
45 
±200 
nAOC 


Input Offset Current 
10 
200 
10 
200 
10 
300 
10 
10 
10 
pAOCt"C 


Drift 


Input 
Bias Current 
IIN!+) 
or IIN(-I 
40 
100 
40 
100 
40 
200 
40 
300 
40 
500 
40 
500 
nAOC 


Input Common-Mode 
V+ = 30 VOC 
0 
V+-2 
0 
V+-2 
0 
V+-2 
0 
V+-2 
0 
V+-2 
0 
V+-2 
VOC 


Voltage 
Range (Note 7) 


Large Signal Voltage 
V+ = +15 VOC (For Large VQ Swing) 
I 
25 
I 25 
I 
15 
I 
25 
I 15 
I 
15 
I 
V/mV 


Gain 
RL <>:2 kn 


Output 
Voltage 
Swing 


VOH 
V+ = +30 Voc, 
RL = 2 kn 


I 


26 


1 


26 


1 


26 


1 


26 


1 


26 


1 


22 


100 I 


Voc 


RL<>:'0kn 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
23 
24 
VOC 


VOL 
v+ = 5 Voc, 
RL $10 
kn 
5 
20 
5 
20 
5 
20 
5 
20 
5 
20 
5 
mVoc 


~I 


Output 
Current 


Source 
VIN + = +1 Voc, 
VIN - = 0 Voc, 
v+ = 15 Voc 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
I 


mAoc 


Sink 
VIN-=+l 
VOC,VIN+=OVOC, 
V+= 
15VOC 
10 
15 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
mAoc 


Differential Input 
32 
32 
32 
32 
32 
26 I 
VOC 


Voltage 
(Note 7) 


Note 1: 
For operating 
at high temperatures, 
the LM324/LM324A, 
LM2902 
must be derated 
based on a +125° C maximum 
junction 
temperature 
and a thermal 
resistance of 175 


0 C/W which appl ies for the device 
soldered 
in a printed 
circuit 
board, 
operating 
in a still 
air ambient. 
The 
LM224/LM224A 
and 
LM124/LM124A 
can 
be derated 
based 
on a +150°C 
maximum 
junction 
temperature. 
The 
dissipation 
is the 
total 
of all 
four 
amplifiers-use 
external 
resistors, 
where 
possible, 
to allow 
the 
amplifier 
to saturate 
or to reduce 
the 
power 
which 
is dissipated 
in the 
integrated 
circuit. 


Note 2: 
Short 
circuits 
from 
the output 
to V+ can 
cause 
excessive 
heating 
and 
eventual 
destruction. 
The 
maximum 
output 
current 
is approximately 
40 mA 
independent 
of the 
magnitude 
of V+. At values 
of supply 


voltage 
in excess 
of +15 
VDC, 
continuous 
short-circuits 
can exceed 
the 
power 
dissipation 
ratings 
and 
cause 
eventual 
destruction. 
Destructive 
dissipation 
can 
result 
from 
simultaneous 
shorts 
on all amplifiers. 


Note 3: 
This 
input 
current 
will 
only 
exist 
when 
the 
voltage 
at any 
of the 
input 
leads 
is driven 
negative. 
It is due 
to the collector-base 
junction 
of the 
input 
PNP transistors 
becoming 
forward 
biased 
and 
thereby 


acting 
as input 
diode 
clamps. 
In addition 
to 
this 
diode 
action, 
there 
is also 
lateral 
NPN parasitic 
transistor 
action 
on the 
IC chip. 
This 
transistor 
action 
can cause 
the 
output 
voltages 
of the 
op amps 
to go to theV+ 
voltage 
level 
(or 
to 
ground 
for 
a large 
overdrive) 
for 
the 
time 
duration 
that 
an input 
is driven 
negative. 
This 
is not 
destructive 
and 
normal 
output 
states 
will re-establish 
when 
the 
input 
voltage, 
which 
was negative, 
again 
returns 
to a value 
greater 
than 
-0.3 
V DC (at 25° CL 


Note 
4: 
These 
specifications 
apply 
for V+ = +5 VDC 
and -SSoC 
~ T~ 
.:5 +12SoC, 
unless 
otherwise 
stated. 
With 
the 
LM224/LM224A, 
all temperature 
specifications 
are limited 
to -25°C 
:S T A ~ +85°C, 
the LM324/ 


LM324A 
temperature 
specifications 
are limited 
to 0° C :S T A :S +70 
C, and 
the 
LM2902 
specifications 
are limited 
to -40°C 
:S T A:::' +85° C. 


Not. 
5: 
Va" 
1.4 Voc. 
RS = on 
with 
V+ from 
5 VOC 
to 30 VOC; 
and over the full 
input 
common-mode 
range (Q VOC to V+ -1.5 
Vocl- 


Note 6: 
The 
direction 
of the 
input 
current 
is out 
of the 
IC due 
to 
the 
PNP 
input 
stage. 
This 
current 
is essentially 
constant, 
independent 
of the state 
of the 
output 
so no loading 
change 
exists 
on the 
input 
lines. 


Note 
7: The 
input 
common-mode 
voltage 
of either 
input 
signal 
voltage 
should 
not 
be allowed 
to 
go negative 
by 
more 
than 
0.3V 
(at 
25°Cl. 
The 
upper 
end 
of the 
common-mode 
voltage 
range 
is V+ -1.5V, 
but 
either 
or both 
inputs 
can go to +32 
VDC 
without 
damage 
(+26 
VDC 
for 
LM2902). 


Note 8: 
Due 
to 
proximity 
of external 
components, 
insure 
that 
coupling 
is not 
originating 
via stray 
capacitance 
between 
these 
external 
parts. 
This 
typically 
can 
be detected 
as this 
type 
of capacitive 
increases 
at 
higher 
frequencies. 
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The 
LM124 
series 
are op amps 
which 
operate 
with 
only 


a 
single 
power 
supply 
voltage, 
have 
true-differential 


inputs, 
and 
remain 
in 
the 
linear 
mode 
with 
an 
input 


common-mode 
voltage 
of 
0 
VDC. 
These 
amplifiers 
operate 
over 
a wide 
range 
of power 
supply 
voltage 
with 


little 
change 
in 
performance 
characteristics. 
At 
25°C 


amplifier 
operation 
is 
possible 
down 
to 
a 
minimum 


supply 
voltage 
of 
2.3 
VDC. 


The 
pinouts 
of 
the 
package 
have 
been 
designed 
to 


simplify 
PC board 
layouts. 
Inverting 
inputs 
are adjacent 


to outputs 
for 
all of the amplifiers 
and the outputs 
have 


also 
been 
placed 
at the 
corners 
of the 
package 
(pins 
1, 


7, 8, and 
14). 


Precautions 
should 
be 
taken 
to 
insure 
that 
the 
power 


supply 
for the 
integrated 
circuit 
never 
becomes 
reversed 


in polarity 
or that 
the 
unit 
is not 
inadvertently 
installed 


backwards 
in a test 
socket 
as an unlimited 
current 
surge 
through 
the 
resulting 
forward 
diode 
within 
the 
IC could 


cause 
fusing 
of the 
internal 
conductors 
and 
result 
in a 


destroyed 
unit. 


Large 
differential 
input 
voltages 
can 
be easily 
accom- 


modated 
and, 
as 
input 
differential 
voltage 
protection 


diodes 
are 
not 
needed, 
no 
large 
input 
currents 
result 


from 
large 
differential 
input 
voltages. 
The 
differential 


input 
voltage 
may 
be larger 
than 
V+ without 
damaging 


the 
device. 
Protection 
should 
be provided 
to prevent 
the 


input 
voltages 
from 
going 
negative 
more 
than 
-0.3 
VDC 


(at 
25°C). 
An 
input 
clamp 
diode 
with 
a resistor 
to the 


IC input 
terminal 
can 
be used. 


To reduce 
the 
power 
supply 
current 
drain, 
the amplifiers 
have 
a class 
A output 
stage 
for small 
signal 
levels which 


converts 
to class B in a large signal 
mode. 
This 
allows 
the 


amplifiers 
to both 
source 
and sink 
large output 
currents. 
Therefore 
both 
NPN 
and 
PNP 
external 
current 
boost 


transistors 
can be used to extend 
the power 
capability 
of 


the 
basic 
amplifiers. 
The 
output 
voltage 
needs 
to 
raise 
approximately 
1 diode 
drop 
above 
ground 
to 
bias 
the 


on-chip 
vertical 
PNP transistor 
for output 
current 
sinking 


applications. 


For 
ac 
applications, 
where 
the 
load 
is 
capacitively 


coupled 
to the 
output 
of the amplifier, 
a resistor 
should 
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be 
used, 
from 
the 
output 
of the 
amplifier 
to ground 
to 


increase 
the 
class 
A bias 
current 
and 
prevent 
crossover 


distortion. 
Where 
the 
load 
is directly 
coupled, 
as in dc 


applications, 
there 
is no crossover 
distortion. 


Capacitive 
loads 
which 
are applied 
directly 
to the output 


of the 
amplifier 
reduce 
the 
loop 
stability 
margin. 
Values 


of 50 pF can be accommodated 
using the worst-case 
non- 
inverting 
unity 
gain connection. 
Large 
closed 
loop 
gains 


or 
resistive 
isolation 
should 
be 
used 
if 
larger 
load 


capacitance 
must 
be 
driven 
by 
the 
ampl ifier. 


The 
bias 
network 
of 
the 
LM124 
establishes 
a drain 


current 
which 
is independent 
of 
the 
magnitude 
of 
the 


power 
supply 
voltage 
over 
the 
range 
of from 
3 V DC to 


30 VDC. 


Output 
short 
circuits 
either 
to ground 
or to the 
positive 


power 
supply 
should 
be 
of 
short 
time 
duration. 
Units 


can 
be 
destroyed, 
not 
as 
a result 
of 
the 
short 
circuit 


current 
causing 
metal 
fusing, 
but 
rather 
due 
to the large 


increase 
in IC chip 
dissipation 
which 
will cause 
eventual 
failure 
due 
to 
excessive 
junction 
temperatures. 
Putting 


direct 
short-circuits 
on more 
than 
one amplifier 
at a time 


will increase 
the total 
IC power 
dissipation 
to destructive 


levels, 
if not 
properly 
protected 
with 
external 
dissipation 


limiting 
resistors 
in series 
with 
the 
output 
leads 
of the 


amplifiers. 
The 
larger 
"oalue of 
output 
source 
current 


which 
IS available 
at 25 
C provides 
a larger 
output 
cur- 


rent 
capability 
at 
elevated 
temperatures 
(see 
typical 


performance 
characteristics) 
than 
a standard 
IC op amp. 


The 
circuits 
presented 
in the 
section 
on typical 
applica- 


tions 
emphasize 
operation 
on only 
a single 
power 
supply 


voltage. 
If complementary 
power 
supplies 
are 
available, 


all 
of 
the 
standard 
op 
amp 
circuits 
can 
be 
used. 
In 


general, 
introducing 
a 
pseudo-ground 
(a 
bias 
voltage 


reference 
of V+ /2) wi II allow 
operation 
above 
and below 


this 
value 
in single 
power 
supply 
systems. 
Many 
applica- 


tion 
circuits 
are shown 
which 
take 
advantage 
of the wide 


input 
common-mode 
voltage 
range 
which 
includes 


ground. 
In most 
cases, 
input 
biasing 
is not 
required 
and 


input 
voltages 
which 
range 
to 
ground 
can 
easily 
be 


accommodated. 
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LM143/LM343 High Voltage Operational Amplifier 


The 
LM143 
is a general 
purpose 
high voltage 
operational 
amplifier 
featuring 
operation 
to 
±40V, 
complete 
input 
overvoltage 
protection 
up 
to 
±40V 
and 
input 
currents 
comparable 
to those 
of other 
super-13 op amps. 
Increased 
slew 
rate, 
together 
with 
higher 
common-mode 
and 
sup- 
ply 
rejection, 
insure 
improved 
performance 
at high 
sup- 
ply 
voltages. 
Operating 
characteristics, 
in 
particular 
supply 
current, 
slew 
rate 
and 
gain, 
are 
virtually 
inde- 
pendent 
of supply 
voltage 
and temperature. 
Furthermore, 
gain 
is unaffected 
by output 
loading 
at high 
supply 
vol- 
tages 
due 
to thermal 
symmetry 
on the 
die. 
The 
LM143 
is pin 
compatible 
with 
general 
purpose 
op amps 
and has 
offset 
null capability. 


Application 
areas 
include 
those 
of 
general 
purpose 
op 
amps, 
but 
can 
be extended 
to higher 
voltages 
and higher 
output 
power 
when 
externally 
boosted. 
For 
example, 
when 
used 
in audio 
power 
applications, 
the 
LM143 
pro- 
vides 
a power 
bandwidth 
that 
covers 
the 
entire 
audio 
spectrum. 
In 
addition, 
the 
LM143 
can 
be 
reliably 
operated 
in environments 
with 
large 
overvoltage 
spikes 
on 
the 
power 
supplies, 
where 
other 
internally-compen- 
sated 
op amps 
would 
suffer 
catastrophic 
failure. 


The 
LM343 
is similar 
to the 
LM143 
for 
applications 
in 
less severe 
supply 
voltage 
and temperature 
environments. 


• 
Wide supply 
voltage 
range 


• 
Large output 
voltage 
swing 


• 
Wide input 
common-mode 
range 


• 
Input 
overvoltage 
protection 


±4.0V 
to ±40V 


±37V 


±38V 


Full ±40V 


• 
Supply 
current 
is 
virtually 
independent 
of 
supply 
voltage 
and 
temperature 


• 
Low input 
bias current 


• 
Low input 
offset 
current 


8.0 nA 


1.0 nA 


• 
High slew rate-essentially 
independent 
of temperature 
and supply 
voltage 


• 
High voltage 
gain-virtually 
independent 
of resistive 
loading, 
temperature, 
and 
supply 
voltage 


• 
Internally 
compensated 
for unity 
gain 


• 
Output 
short 
circuit 
protection 


• 
Pin compatible 
with 
general 
purpose 
op amps 


Order Number LM143H 


or LM343H 
See NS Package HOSC 


±40V 


680 mW 


80V 
±40V 
-55°C to +125°C 
--i)5°C to +150°C 


5 seconds 
300°C 


±34V 
680 mW 


68V 


±34V 
O°C to +70°C 


--i)5°C to +150°C 


5 seconds 
300°C 


Supply 
Voltage 


Power 
Dissipation 
(Note 
1) 


Differential 
Input 
Voltage 
(Note 
2) 


Input 
Voltage 
(Note 
2) 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Output 
Short 
Circuit 
Duration 


Lead 
Temperature 
(Soldering, 
10 seconds) 


Electrical 
Characteristics 
(Note 
31 


LM143 
LM343 


PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
TA 
= 25°C 
2.0 
5.0 
2.0 
8.0 
mV 


Input Offset Current 
TA 
= 25°C 
1.0 
3.0 
1.0 
10 
nA 


Input Bias Current 
TA 
= 25°C 
8.0 
20 
8.0 
40 
nA 


Supply 
Voltage 
TA 
= 25°C 
10 
100 
10 
200 
/J.V/V 


Rejection 
Ratio 


Output 
Voltage 
Swing 
T A = 25°C, 
RL 
:::: 5 k!1 
22 
25 
20 
25 
V 


Large Signal 
Voltage 
TA 
= 25°C, 
VOUT 
= ±10V, 
lOOk 
180k 
70k 
180k 
V/V 


Gain 
RL 
:::: 100 k!1 


Common-Mode 
TA = 25°C 
80 
90 
70 
90 
dB 


Rejection 
Ratio 


Input 
Voltage 
Range 
TA 
= 25°C 
24 
26 
22 
26 
V 


Supply 
Current 
(Note 
4) 
TA 
= 25°C 
2.0 
4.0 
2.0 
5.0 
mA 


Short Circuit Current 
TA 
= 25°C 
20 
20 
mA 


Slew 
Rate 
T A = 25°C, 
Av 
= 1 
2.5 
2.5 
V//J.s 


Power Bandwidth 
TA 
= 25°C, 
VOUT 
= 40 Vpp, 
20k 
20k 
Hz 


RL 
=5k!1,THD:'Ol% 


Unity 
Gain Frequency 
TA 
= 25°C 
1.0M 
1.0M 
Hz 


Input 
Offset 
Voltage 
TA = Max 
6.0 
10 
mV 


TA 
= Min 
6.0 
10 
mV 


Input Offset Current 
TA 
= Max 
0.8 
4.5 
0.8 
14 
nA 


TA 
= Min 
1.8 
7.0 
1.8 
14 
nA 


Input 
Bias Current 
TA = Max 
5.0 
35 
5.0 
55 
nA 


TA 
= Min 
16 
35 
16 
55 
nA 


Large Signal 
Voltage 
R L 
:::: 100 k!1, 
T A = Max 
50k 
150k 
50k 
150k 
V/V 


Gain 
RL:::: 
100 krl, 
TA 
= Min 
50k 
220k 
50k 
220k 
V/V 


Output 
Voltage Swing 
RL 
:::: 5.0 k!1, 
T A = Max 
22 
26 
20 
26 
V 


RL > 5.0 krl, 
TA 
= Min 
22 
25 
20 
25 
V 


Note 
1: 
Absolute maximum 
ratings are not necessarily concurrent, 
and care must be taken not to exceed the maximum junction temperature 
of 


the LM143 
(150°C) 
or the LM343 
(lOOoe). 
For operating 
at elevated temperatures, devices in the TO-5 
package must be derated based on a 
thermal 
resistance of 150°C/W, 
junction 
to ambient, 
or 45°CIW. 
junction 
to case. 


Note 2: 
For supply voltage less than ±40V for the LM143 and lessthan ±34V for the LM343, 
the absolute maximum 
input voltage is equal to the 
supply voltage. 


Note 3: 
These specifications apply for Vs = ±28V. 
For LM143, 
TA = max = 125°C and TA = min = -5SoC. 
For LM343, 
TA = max = 70°C and 


TA = min = O°C. 
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The 
LM 143 
is designed 
for trouble 
free 
operation 
at any 


supply 
voltage 
up to and 
including 
the guaranteed 
maxi- 
mum 
of 
±40V. 
Input 
overvoltage 
protection, 
both 


common-mode 
and 
differential, 
is 
100% 
tested 
and 
guaranteed 
at 
the 
maximum 
supply 
voltage. 
Further- 
more, 
all possible 
high 
voltage 
destructive 
modes 
during 


supply 
voltage 
turn-on 
have 
been 
eliminated 
by design. 
As with 
most 
IC op 
amps, 
however, 
certain 
precautions 


should 
be 
observed 
to 
insure 
that 
the 
LM143 
remains 


virtually 
blow-out 
proof. 


Although 
output 
short 
circuits 
to 
ground 
or 
either 


supply 
can 
be 
sustained 
indefinitely 
at 
lower 
supply 


voltages, 
these 
short 
circuits 
should 
be of limited 
dura- 


tion 
when 
operating 
at higher 
supply 
voltages. 
Units 
can 


be 
destroyed 
by 
any 
combination 
of 
high 
ambient 


temperature, 
high 
supply 
voltages, 
and 
high 
power 


dissipation 
which 
results 
in excessive 
die 
temperature. 


This 
is also 
true 
when 
driving 
low impedance 
or reactive 


loads 
or 
loads 
that 
can 
revert 
to 
low 
impedance; 
for 


example, 
the 
LM143 
can 
drive 
most 
general 
purpose 


op 
amps 
outside 
of 
the 
maximum 
input 
voltage 
range, 


causing 
heavy 
current 
to 
flow 
and 
possibly 
destroying 


both 
devices. 


Precautions 
should 
be 
taken 
to 
insure 
that 
the 
power 


supplies 
never 
become 
reversed 
in polarity-even 
under 


transient 
conditions. 
With 
reverse 
voltage, 
the 
IC will 


conduct 
excessive 
current, 
fusing 
the 
internal 
aluminum 


interconnects. 
Voltage 
reversal 
between 
the 
power 
sup- 


plies will almost 
always 
result 
in a destroyed 
unit. 


v· I,. 


oUTPur'61 


/ 
OFFSET NULL 
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In high 
voltage 
applications 
which 
are senSitive 
to very 
low 
input 
currents, 
special 
precautions 
should 
be exer- 


cised. 
For 
example, 
with 
high 
source 
resistances, 
care 


should 
be 
taken 
to 
prevent 
the 
magnitude 
of 
the 
PC 
board 
leakage 
currents, 
although 
quite 
small, 
from 
approaching 
those 
of the 
op amp 
input 
currents. 
These 
leakage 
currents 
become 
larger 
at 
125°C 
and 
are made 


worse 
by 
high 
supply 
voltages. 
To 
prevent 
this, 
PC 
boards 
should 
be properly 
cleaned 
and coated 
to prevent 
contamination 
and to provide 
protection 
from 
condensed 
water 
vapor 
when 
operating 
below 
O°C. 
A guard 
ring 
is 


also 
recommended 
to 
significantly 
reduce 
leakage 
cur- 


rents 
from 
the 
op 
amp 
input 
pins 
to the 
adjacent 
high 
voltage 
pins 
in the 
standard 
op amp 
pin 
connection 
as 
shown 
in Figure 
1. Figures 2, 
3 and 4 
show 
how 
the 


guard 
ring 
is connected 
for the 
three 
most 
common 
op 
amp 
configurations. 


Finally, 
caution 
should 
be 
exercised 
in 
high 
voltage 


applications 
as electrical 
shock 
hazards 
are present. 
Since 


the 
negative 
supply 
is connected 
to the 
case, 
users 
may 


inadvertantly 
contact 
voltages 
equal 
to those 
across 
the 


power 
supplies. 


The 
LM 143 can be used 
as a plug-in 
replacement 
in most 
general 
purpose 
op 
amp 
applications. 
The 
circuits 
pre- 
sented 
in the 
following 
section 
emphasize 
those 
applica- 


tions 
which 
take 
advantage 
of 
the 
unique 
high 
voltage 
capabilities 
of the 
LM 143. 
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LM144/LM344 High Voltage, High Slew Rate Operational 
Amplifier 


General 
Description 


The 
LM144 
is a general 
purpose 
high 
voltage, 
uncom- 
pensated 
operational 
amplifier 
featuring 
operation 
to 


±36V, 
complete 
input 
overvoltage 
protection 
up to the 


supply 
voltages 
and 
input 
currents 
comparable 
to those 


of 
other 
super-13 op 
amps_ 
Increased 
slew 
rate, 
together 


with 
high 
common-mode 
and 
supply 
rejection, 
insure 
excellent 
performance 
at high supply 
voltages_ 
Operating 
characteristics, 
in 
particular 
supply 
current, 
slew 
rate 
and 
gain, 
are 
virtually 
independent 
of 
supply 
voltage 
and temperature. 
Furthermore, 
due to thermal 
symmetry 


on 
the 
die, 
gain 
is 
unaffected 
by 
output 
loading 
at 
high supply 
voltages. 


With 
the 
unique 
advantages 
of 
low 
input 
current, 
high 


gain, 
and 
high 
slew 
rate, 
the 
LM144 
can 
increase 
accu- 
racy 
and useful 
frequency 
range 
in many 
existing 
applica- 


tions. 
For 
example, 
the 
LM144 
is a plug-in 
replacement 
for 
the 
LM101A, 
as 
well 
as 
other 
general 
purpose 
op amps. 


The 
LM144 
can 
be compensated 
with 
a single 
capacitor, 
thus 
giving the 
user the 
ability 
to optimize 
ac parameters 
to 
suit 
the 
application. 
For 
example, 
in 
applications 
such 
as audio 
power 
amplifiers, 
the 
LM144 
with 
a gain 


of 
10 
can 
provide 
a ±30V 
output 
swing, 
a slew 
rate 
of 
approximately 
30V l/1s, 
and 
a 
120 
kHz 
full 
power 


bandwidth. 
In 
applications 
where 
capacitive 
loads 
or 
cables 
must 
be 
driven, 
the 
LM144 
can 
be overcompen- 


sated 
for increased 
stability. 


The 
LM344 
is similar 
to the 
LM144 
for 
applications 
in 


less severe 
supply 
voltage 
and temperature 
environments. 


• 
External 
compensation 
provides 


large power 
bandwidth 
(Av 
~ 
10) 


• 
Wide operating 
voltage 
range 


• 
Large output 
voltage 
swing 


• 
Wide input 
common-mode 
range 


• 
Input 
overvoltage 
protection 


• 
Electrical 
characteristics 
independent 
voltage 
and temperature 


• 
Low input 
bias current 


• 
Low input 
offset 
current 


• 
High slew rate 
(Av 
~ 
10) 


• 
High voltage 
gain 


• 
Offset 
voltage 
null capability 


120 kHz 


±4.0V 
to ±36V 


±30V 


8.0 nA 


1.0 nA 


30V//1s 


lOOk min 


Supply 
Voltage 


Power 
Dissipation 
(Note 
1) 


Differential 
Input 
Voltage 
(Note 
21 


Input 
Voltage 
(Note 
2) 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Output 
Short 
Circuit 
Duration 


Lead Temperature 
(Soldering, 
10 seconds) 


±40V 


680 mW 
80V 


±40V 


-55°C to +125°C 
-65°C to +150°C 


5 seconds 
300°C 


±34V 


680 mW 


68V 


±34V 
O°C to +70°C 


-65°C to +150°C 


5 seconds 
300°C 


LM144 
LM344 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
T A = 25°C 
2.0 
5.0 
2.0 
8.0 
mV 


Input Offset Current 
T A = 25°C 
1.0 
3.0 
1.0 
10 
nA 


Input 
Bias 
Current 
TA=25°c 
8.0 
20 
8.0 
40 
nA 


Supply Voltage 
TA = 25°C 
10 
100 
10 
200 
/J.V/V 


Rejection 
Ratio 


Output 
Voltage Swing 
TA = 25°C. 
RL ~ 
5 krl 
22 
25 
20 
25 
V 


Large Signal Voltage Gain 
T A = 25°C. 
VOUT 
= ±10V, 
lOOk 
180k 
70k 
180k 
V/V 


RL ~ 
100krl 


Common-Mode 
Rejection 
TA=25°c 
80 
90 
70 
90 
dB 


Ratio 


Input Voltage Range 
TA=25°c 
24 
26 
22 
26 
V 


Supply Current 
TA = 25°C 
2.0 
4.0 
2.0 
5.0 
mA 


Short Circuit Current 
TA=25°c 
20 
20 
mA 


Stew 
Rate 
T A = 2SoC, Av 
= 1 
2.5 
2.5 
V//J.s 


TA 
= 25°C. Av 
=10.cl 
=3pF 
30 
30 
V//J.s 


Power Bandwidth 
TA = 25°C. 
VOUT 
= 40 Vp P. 
20k 
20k 
Hz 


RL = 5krl. 
THD:":1%. 
Av 
= 1 


Unity 
Gain Frequency 
T A = 25°C 
1.0M 
1.0M 
Hz 


Input Offset Voltage 
T A 
= Max 
6.0 
10 
mV 


TA 
= Min 
6.0 
10 
mV 


Input Offset Current 
TA 
= Max 
0.8 
4.5 
0.8 
14 
nA 


TA 
= Min 
1.8 
7.0 
1.8 
14 
nA 


I nput 
Bias 
Current 
T A 
= Max 
5.0 
35 
5.0 
55 
nA 


TA 
= Min 
16 
35 
16 
55 
nA 


Large Signal Voltage Gain 
RL ~ 
100 krl. 
T A = Max 
50k 
150k 
50k 
150k 
V/V 


RL ~ 
100 krl. 
TA 
= Min 
50k 
220k 
50k 
220k 
V/V 


Output 
Voltage Swing 
R L ~ 5.0 krl. 
T A = Max 
22 
26 
20 
26 
V 


R L ~ 
5.0 krl. 
T A = Min 
22 
25 
20 
25 
V 


Note 
1: The maximum 
junction 
temperature of the LM144 
is 150°C, 
while that of the LM344 
is 100°C. 
For operating at elevated temperatures. 


devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W. 
junction to ambient. or 4S'C/W, 
junction 
to case. 


Note 2: For supply voltage lessthan ±40V 
for the LM144 and lessthan :±.34Vfor the LM344. 
the absolute maximum input voltage is equal to the 
supply voltage. 


Note 3: These specifications apply for Vs :::±28V. 
For the LM144, 
T A :::max :::12S' C and T A :::min :::-5SoC. 
For the LM344, 
T A :::max :::70° C 
and TA::: min = OOC. 
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BALANCE 
BALANCE/COMPENSATION 


Typical 
Performance 
Characteristics 


I nput Voltage Range 
Output 
Voltage 
Swing 
Voltage Gain 


.0 
'0 
'20 


~ 
~ 
'00 


30 
'" 


30 


'" 
z 
- 
80 
z 
~ 
;i 
z 
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20 
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~ 
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> 
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Supply Current 
Short Circuit Current 


5.0 
5.0 
40 
TT 


<i 
TI 
4.0 


N1EGAlTlvJ sJw 


<i 
4.0 
E~ 
30 
I 
I 
.. 
!. 
i 


~ 
~ 
"'" 
::::::: 
1'N~ 
~ 
3.0 
z 
3.0 


'" 
I 
~ 
'" 
~ 
20 
;i 
POSITIVE 
SLEW 
~ 
~ - 
......•• 


~ 


2.0 
> 
2.0 
~ 
--- 


L"'25 


0C 
I 


U 
1- "t--- 
~ 
I 
~ 
'0 
SIURI' 
1.0 
0- 
1.0 
'" 
I 
Vs:: 
°28V 


I 


0 


Vs 
128~ 


x 


C' 
'~',~ 
0 
I 


0 
0 


-55-35-15 
5 
25 
45 
65 
85 
105 
125 
-55-35 
-15 
5 
25 
45 
65 
85 
105125 
-55 
-35 
-15 
5 
25 
45 
65 
85 
105125 


TEMPERATURE 
(<'Cl 
TEMPERATURE 
(C) 
TEMPERATURE 
( C) 


Unity Gain Bandwidth 
Input Noise Voltage 
Input Noise Current 


15 
1k 
10 


x 
- 
l£ 
" 
~ 
x 
-,.... 


~ 
~ 
~ 
100 
1.0 
0 
1.0 
- 
~ 
! 
-- 
~ 
'" 


z 


'" 
'" 
~ 
'" 
z 
0 
~ 


~ 
0.5 
> 
10 
u 
0.1 


> 
~ 
~ 
~ 


Vs "'~28V- 
~ 
TA 
·25 
C 
TA "25°C 
~ 
f" i' ': 
Vs ~ 'i,~~ 


Vs ','28V 


0 
1.0 
0.01 


-55 
-35 
-15 
5 
25 
45 
65 
85105125 
10 
100 
1k 
10k 
lOOk 
10 
100 
1k 
'Ok 
lOOk 


TEMPERATURE 
(bC) 
FREQUENCY 
(Hz) 
FREQUENCY 
(Hz) 


Large Signal Frequency 


Common-Mode 
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Power Supply Rejection 
Response 
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Open Loop Frequency 
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Response 
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Inverter Pulse Response 
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SUPPlY 
voltage 
up 
to 
a maximum 
ot ±40V. 
Input 
over- 
voltage 
protection. 
both 
common-mode 
and 
differen- 
tial. 
is 
100% 
tested 
and 
guaranteed 
at 
the 
maximum 
supply 
voltage. 
Furthermore. 
all 
possible 
high 
voltage 
destructive 
modes 
during 
supply 
voltage 
turn-on 
have 
been 
eliminated 
by 
design. 
As with 
most 
IC op 
amps. 
however. 
certain 
precautions 
should 
be 
observed 
to 
insure 
that 
the 
LM144 
remains 
virtually 
blow-out 
proof. 


Although 
output 
short 
circuits 
to 
ground 
or 
either 


supply 
can 
be sustained 
indefinitely 
for supply 
voltages. 
below 
±18V. 
these 
short 
circuits 
should 
be of 
limited 
duration 
when 
operating 
at 
higher 
supply 
voltages. 


Units 
can 
be 
destroyed 
by 
any 
combination 
of 
high 
ambient 
temperature. 
high 
supply 
voltages. 
and 
high 
power 
dissipation 
which 
results 
in excessive 
die tempera- 


ture. 
This 
is also 
true 
when 
driving 
low 
impedance 
or 
reactive 
loads 
or 
loads 
that 
can revert 
to low impedance; 
for example, 
the 
LM144 
can 
drive 
most 
general 
purpose 
op amps 
outside 
of their 
maximum 
input 
voltage 
range, 
causing 
heavy 
current 
to 
flow 
and 
possibly 
destroying 
both 
devices. 


Precautions 
should 
be 
taken 
to 
insure 
that 
the 
power 


supplies 
never 
become 
reversed 
in polarity-even 
under 
transient 
conditions. 
With 
reverse 
voltage. 
the 
IC will 


conduct 
excessive 
current. 
fusing 
the 
internal 
aluminum 
interconnects. 
Voltage 
reversal 
between 
the 
power 


supplies 
will 
almost 
always 
result 
in a destroyed 
unit. 


In high 
voltage 
applications 
which 
are sensitive 
to very 
low 
input 
currents. 
special 
precautions 
should 
be exer- 


should 
be 
taken 
to 
prevent 
the 
magnitude 
of 
the 
PC 


board 
leakage 
currents. 
although 
quite 
small. 
from 
approaching 
those 
of the 
op amp 
input 
currents. 
These 
leakage 
currents 
become 
larger 
at 
125°C 
and 
are 
made 


worse 
by 
high 
supply 
voltages. 
To 
prevent 
this. 
PC 
boards 
should 
be properly 
cleaned 
and coated 
to prevent 


contamination 
and 
to 
provide 
protection 
from 
con- 


densed 
water 
vapor 
when 
operation 
below 
O°C. A guard 
ring 
is also 
recommended 
to significantly 
reduce 
leakage 


currents 
from 
the op amp 
input 
pins to the 
adjacent 
high 


voltage 
pins 
in the 
standard 
op 
amp 
pin 
connection 
as 


shown 
in 
Figure 
1. Figures 
2, 3 and 
4 show 
how 
the 


guard 
ring 
is connected 
for 
the 
three 
most 
common 
op 


amp configurations. 


The 
minimum 
values 
given 
for 
the frequency 
compensa- 


tion 
capacitor 
are stable 
only 
for 
source 
resistances 
less 


than 
10 kil. 
stray 
capacitances 
on the summing 
junction 
less than 
5 pF and 
capacitive 
loads 
smaller 
than 
100 pF. 


If 
any 
of 
these 
conditions 
are 
not 
met. 
it 
becomes 


necessary 
to 
overcompensate 
the 
amplifier 
with 
a 


larger 
compensation 
capacitor. 
Alternately. 
lead 
capaci- 


tors 
can 
be used 
in the 
feedback 
network 
to negate 
the 


effect 
of 
stray 
capacitance 
and 
large 
feedback 
resistors 


or 
an 
RC 
network 
can 
be 
added 
to 
isolate 
capacitive 


loads. 
See Figures 5, 6 and 7. 


Finally. 
caution 
should 
be 
exercised 
in 
high 
voltage 


applications 
as electrical 
shock 
hazards 
are present. 
Since 


the 
negative 
supply 
is connected 
to the 
case. 
users 
may 


inadvertantly 
contact 
voltages 
equal 
to those 
across 
the 


power 
supplies. 
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Order Number LM144H 
or LM344H 
See NS Package HOSe 


~National 
~ 
Semiconductor 


LM146/LM246/LM346 Programmable Quad Operational 
Amplifiers 


General 
Description 


The 
LM146 
series of quad op amps consists of 
four 
independent, 
high 
gain, 
internally 
compensated, 
low 
power, programmable amplifiers. Two external resistors 
(RSET) allow 
the user to program the gain bandwidth 
product, 
slew rate, supply current, 
input 
bias current, 
input 
offset 
current 
and input 
noise. For example, the 
user can 
trade-off 
supply 
current 
for 
bandwidth 
or 


optimize 
noise 
figure 
for 
a given 
source 
resistance. 
In 
a 
similar 
way, 
other 
amplifier 
characteristics 
can 
be 
tailored 
to the application_ Except for the two program- 
ming pins at the end of the package, the LM146 pin-out 
is the same as the LM 124 and LM 148. 


Operational Amplifiers/Buffers 


Features 
(ISET = 10 fJAl 


• 
Programmable electrical characteristics 


• 
Battery-powered 
operation 


• 
Low supply current 
350 fJA amplifier 


• 
Guaranteed gain bandwidth product 
0.8 MHz min 


• 
Large DC voltage gain 
120 dB 


• 
Low noise voltage 
28 nV/VHZ 


• 
Wide power supply range 
±1.5V to ±22V 


• 
ClassAB output 
stage-no crossover distortion 


• 
Ideal pin out for Biquad active filters 


• 
Input bias currents are temperature compensated 


Total 
Supply 
Current 
= 1.4 mA 
(ISET/l0 
pAl 
Gain Bandwidth Product = 1 MHz (ISET/l0 
,uA) 


Slew 
Rate 
= O.4V/ps 
IISET/lO 
pAl 


Input Bias Current ~ 50 nA (ISET!10 
.uA) 
ISET = Current into pin 8, pin 9 (seeschematic- 


diagram) 


V+ - 
V- 
- 
O.6V 


ISET 
= 
------ 
RSET 


ISH 


SET A, 8, 0, 
(81 


r- 
Absolute Maximum Ratings 
(Note 1) 
3: 
~ 


LM146 
LM246 
LM346 
~ 


Supply Voltage 
±22V 
±18V 
±18V 
S! 
r- 


Differential 
Input Voltage (Note 1) 
±30V 
±30V 
±30V 
3: 
CM Input Voltage (Note 1) 
±15V 
±15V 
±15V 


Power Dissipation 
(Note 2) 
900 mW 
500 mW 
500 mW 
N 
~ 


Output 
Short-Circuit 
Duration 
(Note 3) 
Indefinite 
Indefinite 
Indefinite 
S! 
Operating Temperature 
Range 
-55°C 
to +125°C 
-25°C 
to +85°C 
O°C to +70°C 
r- 


Maximum 
Junction 
Temperature 
150°C 
110°C 
ioo°c 
3: 
Storage Temperature 
Range 
-65°C 
to +150°C 
-65°C 
to +150°C 
-o5°C 
to +150°C 
W 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 
300°C 
300°C 
~ 


Thermal 
Resistance (8jAI. 
(Note 21 
en 


Cavity DIP (D) (J) 
Pd 
900 mW 
900 mW 
900 mW 


IIjA 
90°C/W 
90°C/W 
90°C/W 


Molded DIP (N) 
Pd 
500 mW 


IIjA 
140°C/W 


DC Electrical Characteristics 
(VS = ±15V, 
ISET = 10 !lA, Note 41 


LM146 
LM246/LM346 


PARAMETER 
CONDITIONS 
UNITS - 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input bffset Voltage 
VCM = OV, RS~ 50n, 
TA= 25°C 
0.5 
5 
0.5 
6 
mV 


Input Offset Current 
VCM = OV, TA = 25°C 
2 
20 
2 
100 
nA 


Input 
Bias Current 
VCM = OV, TA = 25°C 
50 
100 
50 
250 
nA 


Supply Current (4 Op Amps) 
TA = 25°C 
1.4 
2.0 
1.4 
2.5 
mA 


LargeSignal Voltage Gain 
RL = 10 kn, l:.VOUT = ±10V, 
100 
1000 
50 
1000 
V/mV 


TA = 25°C 


Input CM Range 
TA = 25°C 
±13.5 
±14 
±13.5 
±14 
V 


eM Rejection 
Ratio 
RS~ 10 kn, TA = 25°C 
80 
100 
70 
100 
dB 


Power Supply 
Rejection 
RS~ 10 kn, TA = 25°C 
80 
100 
74 
100 
dB 


Ratio 


Output Voltage Swing 
RL:::-:l0kn,TA=25°C 
±12 
±14 
±12 
±14 
V 


Short·Circuit 
Current 
TA=25°C 
5 
20 
35 
5 
20 
35 
mA 


Gain 
Bandwidth 
Product 
TA = 25°C 
0.8 
1.2 
0.5 
1.2 
MHz 


PhaseMargin 
TA = 25°C 
60 
60 
Deg 


Slew Rate 
TA=25°C 
0.4 
0.4 
VII's 


Input Noise Voltage 
f= 1 kHz, TA = 25°C 
28 
28 
nV/,;Hz 


Channel 
Separation 
RL = 10 kn, l:.VOUT = OV to 
120 
120 
dB 


±12V, TA = 25°C 


I nput Resistance 
TA=25°C 
1.0 
1.0 
Mn 


I nput 
Capacitance 
TA=25°C 
2.0 
2.0 
pF 


Input Offset Voltage 
VCM = OV, RS~ 50 n 
0.5 
6 
0.5 
7.5 
mV 


Input Offset Current 
VCM = OV 
2 
25 
2 
100 
nA 


Input 
Bias Current 
VCM = OV 
50 
100 
50 
250 
nA 


Supply Current (4 Op Amps) 
1.5 
2.0 
1.5 
2.5 
mA 


LargeSignal Voltage Gain 
RL = 10 kn, l:.VOUT = ±10V 
50 
1000 
25 
1000 
V/mV 


Input CM Range 
±13.5 
±14 
±13.5 
±14 
V 


eM Rejection 
Ratio 
RS~ 50n 
70 
100 
70 
100 
dB 


Power Supply Rejection 
RS~ 50n 
76 
100 
74 
100 
dB 


Ratio 


Output Voltage Swing 
RL:::-:10kn 
±12 
±14 
±12 
±14 
V 


3-195 


Q;1 
Input Offset Voltage 
VCM = OV, RS:S;50n, 
0.5 
5 
0.5 
7 
mV 
~ 
C'\I 
TA=25°C 
:E 
Input 
Bias Current 
VCM =OV, TA= 25°C 
7.5 
20 
7.5 
100 
nA 


•••• 
Supply Current (4 Op 
TA=25°C 
140 
250 
140 
300 
IlA 
- 
CD 
Amps) 
~,... 
Gain Bandwidth Product 
TA=25°C 
80 
100 
50 
100 
kHz 
:E 
•••• 
DC Electrical 
Characteristics 
(VS=±1.5V, 
ISET= 
lOIlA) 


PARAMETER 
CONDITIONS 
LM146 
LM246/LM346 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
VCM=OV, RS:S;50n, 
0.5 
5 
0.5 
mV 


TA=25°C 


Input CM Range 
TA=25°C 
±0.7 
±0.7 
V 


CM Rejection Ratio 
RS:S;50 n, TA = 25°C 
80 
80 
dB 


Output Voltage Swing 
RL~10kn,TA=25°C 
±0.6 
±0.6 
V 


Note 
1: 
For supply voltages lessthan ±15V, 
the absolute maximum 
input voltage is equal to the supply voltage. 


Note 
2: 
The 
maximum 
power 
dissipation 
for 
these 
devices 
must 
be derated 
at elevated 
temperatures 
and 
is dictated 
by TjMAX. 
8jA, 
and 
the 
ambient 
temperature, 
T A. The 
maximum 
available 
power 
dissipation 
at any 
temperature 
is Pd = ITjMAX 
- 
TA)/OjA 
or the 2!f'C 
PdMAX. 
which· 
ever 
is less. 


Note 3: 
Any of the amplifier 
outputs can be shorted to ground indefinitely; 
however, more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 


Note 4: 
These specifications apply over the absolute maximum 
operating temperature range unless otherwise noted. 


Typical 
Performance 
Characteristics 


Open Loop Voltage Gain vs 
Input Bias Current vs ISET 
Supply Current vs ISET 
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3·196 


Typical Performance 
Characteristics 
(Continued) 


Common-Mode Rejection 
Power Supply Rejection 


Input Offset Voltage vs ISET 
Ratio vs ISET 
Ratio vs ISET 
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Typical Performance 
Characteristics 
(Continued) 


Open Loop Voltage Gain 
Gain Bandwidth Product 
Slew Rate vs 


vs Temperature 
vs Temperature 
Temperature 
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Application Hints 


Avoid 
reversing the power supply 
polarity, 
the device 
will fail. 


Common-Mode 
Input 
Voltage: 
The negative common· 
mode voltage limit 
is one diode drop above the negative 
supply voltage. Exceeding this limit 
on either input will 
result in an output 
phase reversal. The positive common· 
mode limit 
is typically 
1V 
below 
the positive supply 
voltage. No output 
phase reversal will 
occur if this limit 
is exceeded by either input. 


Output 
Voltage 
Swing vs ISET: 
For a desired output 
voltage swing the value of the minimum 
load depends on 
the positive and negative output 
curent capability 
of the 
op amp. The maximum 
available positive output 
current, 
(ICL+), 
of the device increases with 
ISET whereas the 
negative output 
current 
(ICL-) 
is independent of ISET. 
Figure 1 illustrates the above. 
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Input 
Capacitance: 
The input 
capacitance, CI N, of the 
LM146 
is approximately 
2 pF; any stray capacitance, 
CS, (due to external 
circuit 
circuit 
layout) 
will 
add to 
CIN. 
When resistive or active feedback 
is applied, an 
additional 
pole 
is added to 
the open 
loop 
frequency 
response of the device. For instance with 
resistive feed· 
back 
(Figure 
2), 
this 
pole 
occurs 
at 
1/2" 
(R11IR2) 
(CIN 
+ CS)· Make sure that 
this 
pole occurs at least 
2 octaves beyond the expected -3 
dB frequency corner 
of the closed loop gain of the amplifier; 
if not, place a 
lead capacitor 
in the feedback such that the time con· 
stant of this capacitor 
and the resistance it parallels is 
equal to the RI(CS + CI N). where RI is the input resis· 
tance of the circuit. 


Temperature 
Effect 
on 
the 
GBW: 
The 
GBW 
(gain 
bandwidth 
product). 
of the LM146 
is directly 
propor· 
tional 
to 
ISET and inversely 
proportional 
to 
the ab· 
solute 
temperature. 
When 
using 
resistors 
to 
set the 
bias current, 
ISET, of the device, the GBW product will 
decrease 
with 
increasing 
temperature. 
Compensation 
can be provided 
by creating 
an ISET current 
directly 
proportional 
to temperature 
(seetypical applications). 


Isolation 
Between Amplifiers: 
The 
LM146 
die 
is iso· 
thermally 
layed out 
such that crosstalk 
between all 4 
amplifiers 
is in 
excess of 
-105 
dB 
(DC). 
Optimum 
isolation 
(better 
than -110 
dB) 
occurs between ampli· 
fiers A and 0, Band 
C; that is, if amplifier 
A dissipates 
power on its output 
stage, amplifier 
0 is the one which 
will 
be affected the least, and vice versa. Same argument 
holds for amplifiers 
Band C. 


LM146 
Typical 
Performance 
Summary: 
The 
LM146 
typical 
behavior is shown in Figure 3. The device is fully 
predictable. 
As 
the 
set current, 
ISET, increases, the 
speed, the bias current, 
and the supply current 
increase 
while 
the noise power decreases proportionally 
and the 
Vos remains constant. The usable GBW range of the op 
amp is 10kHz 
to 3.5-4 
MHz. 
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Low Power Supply Operation: 
The quad op amp oper· 


ates down 
to 
±1.3V 
supply. 
Also, 
since the 
internal 
circuitry 
is biased through programmable current sources, 


no degradation of the device speed will occur. 


Speed 
vs 
Power 
Consumption: 
LM146 
vs 
LM4250 
(single programmable). 
Through 
Figure 
4, 
we observe 
that 
the 
LM146's 
power 
consumption 
has been opti· 
mized for 
GBW products 
above 20b kHz, whereas the 
LM4250 will reach a GBW of no more than 300 kHz, for 
GBW products 
below 200 kHz, the LM4250 
will 
con· 


sume less. 
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Current Source Biasing 
with Temperature 
Compensation 
Biasing all 4 Amplifiers 
with Single Current Source 


67.7 mV 


RSET 


ISETl 


ISET2 


R2 
67.7 mV 
-, 
ISET1 + ISET2 = --- 
R1 
RSET 


• 
The 
LM334 
provides an ISET directly 
proportional 
to 
absolute temperature. 
This cancels the slight GBW product 
temperature 
coefficient 
of the LM346. 


• 
For ISET1 
<::=: ISET2 
resistors R1 and R2 are not required 


if a slight 
error between 
the 2 set currents 
can be tolerated. 


If not, then use R 1 = R2 to create a 100 mV drop across 
these 
resistors. 


Active Filters Applications 


Basic (Non-I nverting 
"State 
Variable") 
Active 
Filter 
Building 
Block 


lOOk 


f 0 = center 
frequency 
measured 
at the 
BP output 
De = quality 
factor 
measured 
at the 
BP output 


He = gain at the output 
of interest 
IBP or HP or LP or all of them) 


• 
Relation 
between dillerent 
gains: 
Ho(BP) 
= 0.316 x 0." x Ho(LP); 
HoILP) 
= 10 x Ho(HPI 


5.033 x 10-2 


10 


( 


3.4780." 
- 
HoIBP) 


.•. 
For BP output: 
RQ = 
105 


( 
3.47800 
_ 1) 


Ho(BP) 
.2.. + 10-5 
RO 


-1 


Ho(BP) 
) 
105 x 3.478 x 0." 


1.1 x 105 
RO = ------------ 
; 
RIN = 


3.47800 
(1.1 - 
HoIHP)) 
- 
Ho(HPI 


1.1 
---1 
HolHPI 


~+ 
10-5 


RO 


11 x 105 


.•. 
For LP output: 
RQ = 3.478°0 
(11 _ Ha(LP)) 
- 
Ha(LP) 
, 


11 


R 
HoILP) 
IN = 
_1_+ 
10-5 


RO 


fnotch 
10 
R 


H 
- 
= 0.316 


RL 


RF 
RF 


Determine 
RF according to the desired gains: HoIBR) 11« 
Inotch 
= RL 
Ho(LP). 
Ho(BR) I I» 
Inotch 
= RH Ho(HP) 


• 
Where to use amplifier C: 
Examine the above gain relations and determine the dynamics of the filter. 
Do not allow slew rate limiting 
in any output 
(VHP. VBP. VLP). that is: 


VIN(peak) 
< 63.66 x 103 x 
ISET 
x __ 1_ 
(Volts) 
lO"A 
10 x Ho 


If necessary, use amplifier 
C, biased at higher ISET. 
where you get the largest output 
swing. 


Deviation 
from 
Theoretical 
Predictions: 
Due to the finite 
GBW products 
of the op amps the fa, 00 will be slightly 
different 
from 
the 


theoretical 
predictions. 
10 
freal:::'< --2-1- 
,Oreal:::': 


1 +__ 0_ 
GBW 


00 


1 _ 
3.2 fo x 00 


GBW 


HolBPI 
= QoHo(LP); R xC 
0.159 
R 
Q 
R R 
~= 
__ R_ 
= t;;-; 
Q = 
0 x 
; 
IN = 
HoIBP) 
HolLPI 


0.159 
0.159 x, 
R x C = -,- 
; RQ = 00 x R; RIN = 
. 
2 
0 
o 
C 
x f 
notch 


R 


HolBRI 1,« 
'notch 
= RiN 
HoIBR) I,» 
'notch 


Active Filters Applications 
(Continued) 


Capacitorless 
Active 
Filters 
(Basic 
Circuit) 


• 
This 
is a BP, LP, SR filter. 
The filter 
characteristics 
are created 
by using 
the tunable 
frequency 
response 
of the 
LM346. 


63.66 x 103 
ISET (I'A) 
(V) 
• 
Limitations: 
00 < 10, fo x 00 < 1.5 MHz, 
output 
voltage should not exceed 
Vpeak(out)::;' 
f 
o 
x ~ 


R6+RS 
R2 
R3 
R7 
R10 
fb 
• 
Design equations: 
a = ~ 
. b = 
R1 + R2' 
c = 
R3 + R4 
' d = RS + R7 • e = 
~. 
foIB?) 
= 
fu J -;' Ho(B?) 
= a x c, 


Ho(lP) =.:..... 00 =.j;7b 
b 


101BR) = 10(BP) (1 - -;) 
~ 


R10 


10(BP) (e« 
1) provided that d = HoIBP) x e. HoIBR) = 
R9' 


• 
Advantage: 
fa, 
Clo, Ho can be independently 
adjusted; 
that 
is. the filter 
is e~:tremely 
easy 
to tune. 


• 
Tuning procedure (ex. BP tuning) 


1. 
Pick up a convenient 
value for b; (b < 1) 


2. 
Adjust 00 through 
RS 


3. 
Adjust 
Ho(BP) through 
R4 


4. 
Adjust 10 through 
RSET 


A Unity 
Gain Follower 


with Bias Current Reduction 


0.1 
$.IF 


MICIN ••?-"1 


• 
By pulling the SET pin(sl to V- 
the op amp(s) 
shuts 
down 
and its 


output 
goes to a high impedance 
state. 
According 
to this property, 


the 
LM346 
can be used 
as a very 
low speed 
analog 
switch. 


'Vb 


ON 


OFF 
OV 


CMRR: 
100 dB (typ) 
w 


. 
. 
tion: 0.4 m 
Power .dISSIPaart of RA201 
array 
All resistors 
p 


~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


LM148/LM248/LM348 
quad 741 
op amps 


LM149/LM249/LM349 
wide 
band decompensated 
(AVIMINI = 5) 


The LM148 series is a true quad 741. It consists of four 
independent, 
high 
gain, internally 
compensated, 
low 
power operational 
amplifiers 
which have been designed 


to provide functional 
characteristics identical to those of 
the familiar 
741 operational 
amplifier. 
In addition 
the 
total supply current for all four amplifiers is comparable 
to 
the supply 
current 
of 
a single 741 type 
op amp. 


Other 
features include input offset 
currents and input 
bias current which are much lessthan those of a standard 
741. 
Also, 
excellent 
isolation 
between amplifiers 
has 
been achieved by independently 
biasing each amplifier 


and using layout 
techniques which 
minimize 
thermal 
coupling. 
The 
LM149 
series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a 
gain of 5 or greater. 


• 
Low input offset current 


• 
Low input bias current 


4nA 


30 nA 


• 
Gain bandwidth product 
LM148 (unity gain) 
LM149 (Av ~ 5) 


1.0 MHz 


4 MHz 


The LM148 can be used anywhere multiple 741 or 1558 
type amplifiers are being used and in applications where 
amplifier 
matching or high packing density is required. 


• 
High degree of isolation between 
120 dB 


amplifiers 


Order Number 
LM148J, 
LM248J, 
LM348J, 


LM149J. 
LM249J 
or LM349J 
See NS Package J14A 


Order Number 
LM348N 
or LM349N 
See NS Package N14A 


•••• 
Absolute Maximum Ratings 
3: 
-"" 
LM148/LM149 
LM248/LM249 
LM348/LM349 
~ 
Supply 
Voltage 
±22V 
±18V 
±18V 


Differential 
Input Voltage 
±44V 
±36V 
±36V 
•••• 


Input Voltage 
±22V 
±1SV 
±lSV 
3: 


Output 
Short Circuit 
Duration 
(Note') 
Continuous 
Continuous 
Continuous 
-"" 
~ 


Power Dissipation 
(Pd at 2SoC) and 
CO 


Thermal 
Resistance (8JA), 
(Note 
2) 
en 
Molded 
DIP (N) 
Pd 
SOOmW 


OjA 
IS0'C/W 
CD 


Cavity 
DIP (J) 
Pd 
900 mW 
900mW 
900 mW 
~. 
CD 


°jA 
100°C/W 
100°C/W 
100°C/W 
tJ) 


Maximum 
Junction 
Temperature 
(TjMAX) 
1S0'C 
110'C 
100°C 


Operating 
Temperature 
Range 
-SSoC $ T A $ +1 2S'C 
-2SoC $ T A $ +SSoc 
O'C$TA 
$+70'C 


Storage Temperature 
Range 
~SoC 
to +1 SO°C 
~SoC 
to +lSO°C 
~SOC 
to +IS0°C 


Lead Temperature 
(Soldering, 
60 seconds) 
300'C 
300°C 
300°C 


LM148/lM149 
LM248/LM249 
LM348/LM349 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltagp 
TA 
= 25°C, Rs $10kn 
1.0 
5.0 
1.0 
6.0 
1.0 
6.0 
mV 


Input Offset Current 
T A 
= 25°C 
4 
25 
4 
50 
4 
50 
nA 


Input 
Bias Current 
TA 
:: 25°C 
30 
100 
30 
200 
30 
200 
nA 


Input 
Resistance 
TA 
= 25°C 
0.8 
2.5 
0.8 
2.5 
0.8 
2.5 
Mf2 


Supplv Current All Amplifiers 
TA 
= 25C, 
Vs ::±15V 
2.4 
3.6 
2.4 
4.5 
2.4 
4.5 
mA 


Large 
Signal 
Voltage 
Gain 
TA 
= 25°C, 
Vs =±15V 
50 
160 
25 
160 
25 
160 
V/mV 


VOUT 
=±10V, 
Rl 
~2kn 


Amplifier to Amplifier 
T A = 2SoC. f = 1 Hz to 20 kHz 
-120 
-120 
-120 
dB 


Coupling 
(Input Referred) See Crosstalk Test 


Circuit 


Small Signal Bandwidth 
° 
LM148 series 
1.0 
1.0 
1.0 
MHz 


T A 
= 25 C 
4.0 
4.0 
4.0 
MHz 
LM 149 series 


PhaseMargin 
T 


A 
= 25°C 
LM148 seriesIAv = 1) 
60 
60 
60 
degrees 


lM149 
series(Av = 5) 
60 
60 
60 
degrees 


Slew Rate 
T A = 2SoC lM148 
seriesIAv = 1) 
0.5 
0.5 
0.5 
V/~s 


LM149 seriesIAv = 5) 
2.0 
2.0 
2.0 
V/lJ,s 


Output Short Circuit Current 
T A = 2SoC 
25 
25 
25 
mA 


Input Offset Voltage 
Rs$10kn 
6.0 
7.5 
7.5 
mV 


Input Offset Current 
75 
125 
100 
nA 


Input Bias Current 
325 
500 
400 
nA 


large Signal Voltage Gain 
Vs::' ±15V, 
VOUT 
= ±10V, 
25 
15 
15 
V/mV 


RL > 2 kn 


Output Voltage Swing 
Vs = ±15V, 
RL = 10 kf2. 
±12 
±13 
±12 
±13 
±12 
±13 
V 


RL = 2 kn 
±10 
±12 
± 10 
±12 
±1O 
±12 
V 


Input Voltage Range 
Vs=±15V 
±12 
±12 
±12 
V 


Common-Mode Rejection 
Rs $ 10 kn 
70 
90 
70 
90 
70 
90 
dB 


Ratio 


Supply Voltage Rejection 
Rs$10kn 
77 
96 
77 
96 
77 
96 
dB 


Note 
1. Any 
of the amplifier 
outputs 
can be shorted to ground 
indefinitely; 
however, 
more than one should not be simultaneously 
shorted as the 
maximum 
junction 
temperature 
will be exceeded. 


Note 2: 
The 
maximum 
power 
dissipation 
for 
these devices must 
be derated 
at elevated 
temperatures 
and 
is dictated 
by TjMAX, 
8jA,and 
the 


ambient 
temperature, 
T A. The 
maximum 
available 
power 
dissipation 
at any temperature 
is Pd = (TjMAX 
- 
TA)/8jA 
or the 25°C 
PdMAX. 
which· 
ever is less. 


Note 
3: 
These specifications 
apply 
for Vs = ± 15V and over the absolute maximum 
operating 
temperature 
range ITL 
$. T A$. TH) 
unless otherwise 
noted. 
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Application Hints 


The 
LM148 
series 
are 
quad 
low 
power 
741 
op 
amps. 
In the 
proliferation 
of quad 
op amps, 
these 
are the 
first 
to offer 
the convenience 
of familiar, 
easy to use operating 
characteristics 
of the 
741 
op amp. 
In those 
applications 
where 
741 
op 
amps 
have 
been 
employed, 
the 
LM148 
series 
op amps 
can 
be employed 
directly 
with 
no change 
in circuit performance. 


The 
LM149 
series 
has 
the 
same 
characteristics 
as the 
LM148 
except 
it has been 
decompensated 
to provide 
a 
wider 
bandwidth. 
As a result 
the 
part 
requires 
a mini- 
mum 
gain of 5. 


The 
package 
pin-outs 
are 
such 
that 
the 
inverting 
input 
of 
each 
amplifier 
is adjacent 
to its output. 
In addition, 
the 
amplifier 
outputs 
are 
located 
in the 
corners 
of the 
package 
which 
simplifies 
PC board 
layout 
and minimizes 
package 
related 
capacitive 
coupling 
between 
amplifiers. 


The 
input 
characteristics 
of 
these 
amplifiers 
allow 
differential 
input 
voltages 
which 
can exceed 
the 
supply 
voltages_ 
In addition, 
if either 
of 
the 
input 
voltages 
is 


within 
the 
operating 
common-mode 
range, 
the 
phase 
of 
the 
output 
remains 
correct. 
If the 
negative 
limit 
of the 


operating 
common-mode 
range 
is 
exceeded 
at 
both 
inputs, 
the 
output 
voltage 
will 
be 
positive. 
For 
input 
voltages 
which 
greatly 
exceed 
the 
maximum 
supply 
voltages, 
either 
differentially 
or common-mode, 
resistors 
should 
be 
placed 
in 
series 
with 
the 
inputs 
to 
limit 
the cu rrent. 


Like 
the 
LM741, 
these 
amplifiers 
can 
easily 
drive 
a 
100 
pF 
capacitive 
load 
throughout 
the 
entire 
dynamic 


output 
voltage 
and 
current 
range. 
However, 
if very large 
capacitive 
loads 
must 
be 
driven 
by 
a 
non-inverting 
unity 
gain 
amplifier, 
a resistor 
should 
be placed 
between 


1 
A4A5 
f~---x.jK,K~ 
2TrAlCl 
A3 
( 


1 
-+ 
ros 
+~), ros '" 
A4 
A5 


the 
output 
(and 
feedback 
connection) 
and 
the 
capaci- 


tance 
to reduce 
the 
phase 
shifT resulting 
from 
the 
capa- 


citive 
loading. 


The 
output 
current 
of 
each 
amplifier 
in the 
package 
is 


limited. 
Short 
circuits 
from 
an output 
to either 
ground 
or the 
power 
supplies 
will not 
destroy 
the 
unit. 
However, 


if multiple 
output 
shorts 
occur 
simultaneously, 
the time 
duration 
should 
be short 
to 
prevent 
the unit 
from 
being 
destroyed 
as a result 
of 
excessive 
power 
dissipation 
in 
the 
IC chip. 


As with 
most 
amplifiers, 
care 
should 
be taken 
with 
lead 
dress, 
component 
placement 
and 
supply 
decoupling 
in 
order 
to ensure 
stability. 
For example. 
resistors 
from 
the 
output 
to an input 
should 
be placed 
with 
the 
body 
close 


to 
the 
input 
to 
minimize 
"pickup" 
and 
maximize 
the 


frequency 
of the 
feedback 
pole 
which 
capacitance 
from 
the 
input 
to ground 
creates. 


A feedback 
pole 
is created 
when 
the 
feedback 
around 
any amplifier 
is resistive. 
The parallel 
resistance 
and capa- 
citance 
from 
the 
input 
of 
the 
device 
(usually 
the 


inverting 
input) 
to 
ac ground 
set 
the 
frequency 
of the 
pole. 
In 
many 
instances 
the 
frequency 
of 
this 
pole 
is 


much 
greater 
than 
the 
expected 
3 dB frequency 
of the 
closed 
loop 
gain 
and 
consequently 
there 
is negligible 
effect 
on stability 
margin_ 
However, 
if the feedback 
pole 


is less than 
approximately 
six times 
the 
expected 
3 dB 
frequency 
a lead 
capacitor 
should 
be 
placed 
from 
the 


output 
to 
the 
input 
of 
the 
op 
amp. 
The 
value 
of 
the 
added 
capacitor 
should 
be 
such 
that 
the 
RC time 
con- 
stant 
of 
th is 
capacitor 
and 
the 
resistance 
it 
parallels 


is greater 
than 
or 
equal 
to 
the 
original 
feedback 
pole 
time constant. 


VOUT=2(:: 
+ 1) 
,vs 
-3V::; 
vlN CM::; vI; -3V, 


Vs = ±15V 


R ::: R2, trim R2 to boost CMRR 


fMAX = 5 kHz, THO::; 0.03% 
Al = lOOkpot .•Cl = 0.0047"F, C2 = 0.01"F, C3 = O.l"F. A2 = A6 = A7 = 1M, 
A3 = 5.1k. A4 = 12n, A5 = 240n. 
Q = NS5102, 01 = 1N914, 02 = 3.6V avalanche 
diode (ex. LM103l, Vs = ±15V 
A simpler version with some distortion 
degradation at high frequencies can be 
made by using A 1 as a simple inverting amplifier, 
and by putting back to back 
zeners in the feedback 
loop of A3. 


Adjust A for minimum drift 


03 low leakage diode 


01 added to improve speed 


Vs = ±15V 


Tune 0 through AO, 


For predictable results: fO a ~ 4 x 104 


Use Band Passoutput to tune for Q 


~ 
J;5 


~ 
• 'i = RiCi. 
Q = (1 
+ R41R3 + R4IRO) 
JM 
1+R61R5 


fNOTCH = 
( 
RH) 
1/2 


2" 
RL'1'2 


1 + R51R6 


(~ 
.:2) 
R5 
'2 


Use general equations, 
and tune each section separately 


Q1stSECTION 
"0.541, 
Q2ndSECTION" 
'.306 


The response should have 0 dB peaking 
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IF!!. 
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R1C1 
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1fR8 
b;J R7 x 
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R3R5R7C1 
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'DO 
lk 
,•. 


fC = 1 kHz, fS = 2 kHz, fp = 0.543, fZ = 2.14, Q = 0.841, f'p = 0.987, f'Z = 4.92, Q' = 4.403, normalized 
to ripple BW 


fp = 2.- 
fR6 
x ~,fZ 
= 
1 
~ 
x ~ 
Q =( 
1 + R41R3 + R4IRO) 
x 
fR6, 
Q' 
= 
fR-6 
1 + R'4IR'0 


2" J AS 
t 
2" J R;:: 
t 
1 + R61R5 
J R5 
J 'R-5 
1 + R'6IR'5 
+ R'6IRp 


Use the BP outputs 
to tune G, Q', tune 
the 2 sections 
separately 


Rl = R2 = 92.6k, 
R3 = R4 = R5 = lOOk, R6 = 10k, RO = 107.8k, 
RL = lOOk, RH = 155.1k, 


R'l 
= R'2 = 50.9k, 
R'4 = R'5 = lOOk, R'6 = 10k, R'O = 5.78k, 
R'L = lOOk, R'H = 248.12k, 
R'f = lOOk. All capacitors are O.OO1I'F. 


VOUT 
ACL(S) 
=-- 
VIN 


VOUT 
( 
ACL(,) 
= -- 
= 


VIN 
1 + 


-1 
~ 


AO:(,) ) 


Vo I 
'" ±5 VOS 
VIN 
= 0 


Power BW = 40 kHz 


Small Signal BW = G BW/5 


VOl 
'" 
±5 VOS 
VIN = 0 


Small signal BW = G BW/5 


Typical Applications - 
LM149 (Continued) 


Non-inverting-Integrator 
Bandpass 
Filter 


R 


For stability 
purposes: 


~ 


5x 
10= 
2rr 
R6 


R7 = R6/4, 
10R6 = R5, Cc = 10C 


1 
,0 
= 
RO 
~ 
, HOBP = 


RC 
R J 
AS 


Better 
Q sensitivity 
with 
respect to open loop gain variations 
than the 
state variable filter. 


A 7 • Cc added for compensation 


,.~ 


O.41uf 


".~"..= 
,••-_1.. 


<, 


I 


<co 


-20 ~8 


Vs = ±15V, VOUT(MAXI 
= 9.1 VRMS, 


IMAX 
= 20 kHz, THO ~ 1% 


Duplicate 
the above circuit 
for stereo 


1 
IL = --- 
, ILB = 
2rrR2C1 
2rrR1 C1 


1 


IH = --- 
, fHB = ------ 
2rrR5C3 
2,dR1 + 2R71 C3 


Max BassGain", 
IR1 + R21/R1 


Max Treble Gain", 
(R1 + 2R71/R5 


as shown: fL '" 32 Hz, ILB:> 
320 Hz 


IH'" 
11 kHz,IHB 
'" 1.1 Hz 


Triangular, 
Squarewave 
Generator 


" 
O_OOl"F 


K x VtN 
1=--- 


BV+C1R1 


2Vt 
K = R2/R'2,-- 
~ 25V, V+ = V-, 
Vs = ±15V 
K 


Use LM 125 for 
± 15V supply 


The circuit 
can be used as a low frequency 
V/F 
for process control. 


01,03: 
KE4393, 02, 04: 
P1087E, 01-04 
= 1N914 


3-214 


~o1 = 112 


~o2 = 144 


15=8.10-16 


'C2 
= 6 pF for LM149 
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LM158/LM258/LM358, 
LM158A1LM258A1LM358A, 
LM2904 


Low Power Dual Operational Amplifiers 
General Description 


The 
LM 158 series consists of two 
independent, 
high 


gain, internally 
frequency compensated operational am· 


plifiers which were designed specifically to operate from 
a single power supply 
over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 


Application 
areas include transducer amplifiers, dc gain 


blocks and all the conventional 
op amp circuits which 


now can be more easily implemented 
in single power 


supply systems. For example, the LM 158 series can be 
directly 
operated off 
of 
the standard +5 V DC power 


supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 VDC power supplies. 
Unique Characteristics 


• 
In the linear mode the input common-mode 
voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 


• 
The 
unity 
gain 
cross 
frequency 
is 
temperature 
compensated_ 


• 
The 
input 


compensated. 


Advantages 


• 
Eliminates 
need 
for 
dual 
supplies 


• 
Two 
internally 
compensated 
op 
amps in 
a single 
package 


Order Number LM158AH, LM158H, LM258AH, 


LM258H, LM358AH or LM358H 
See NS Package HOBe 


Order Number LM35BAN, LM35BN or LM2904N 
See NS Package NOBB 


• 
Allows 
directly 
sensing near GND 
and VOUT 
also 


goes to 
GND 


• 
Pin·out 
same as LM 1558/LM 1458 dual operational 


amplifier 


• 
Internally 
frequency compensated for unity gain 


• 
Large dc voltage gain 
100 dB 


• 
Wide bandwidth 
(unity gain) 
1 MHz 
(temperature compensated) 


• 
Wide power supply range: 
Single supply 
3 V DC to 30 V DC 
or dual supplies 
±1.5 VDC to ±15 VDC 


• 
Very low supply current drain (500/lA) 
- essentially 


independent 
of 
supply 
voltage 
(1 
mW/op 
amp at 


+5 
Voc) 


• 
Low input biasing current 
(temperature compensatedl 


• 
Low input offset voltage 
2 mVoc 
and offset current 
5 nAoc 


• 
Input 
common-mode 
voltage range includes ground 


• 
Differential 
input 
voltage range equal to the power 
supply voltage 


• 
Large output voltage 
swing 


Absolute Maximum Ratings 


LM158/LM258/LM358 
LM2904 
LM158A/LM258A/LM358A 


Supply 
Voltage, 
V+ 
32 VDC or ±16 VDC 
26 VDC or ±13 VDC 


Differential 
Input 
Voltage 
32 VDC 
26 VDC 


I nput Voltage 
-{).3 VDC to +32 VDC 
-{).3 VDC to +26 VDC 


Power 
Dissipation 
(Note 
1) 


Molded DIP ILM358NI 
570 mW 
570 mW 
Metal Can ILMI58H/LM258H/LM358H) 
830mW 


Output Short-Circuit to GND (One Amplifier) 
(Note 2) 
Continuous 
Continuous 
V+ -<; 15 VDC and TA = 25°C 


Input Current (V,N < -0.3 
VDC) (Note 31 
50mA 
50 mA 


Operating 
Temperature 
Range 


LM358 
aOc to +70°C 
-40°C 
to +8SoC 


LM258 
-2SoC 
to +8SoC 


LM158 
-5SoC 
to +12SoC 


Storage 
Temperature 
Range 
-6SoC 
to +150°C 
-6SoC 
to +150°C 


Lead 
Temperature 
(Soldering, 
10 seconds) 
300°C 
300°C 


Electrical Characteristics 
(v+ = +5.0 VDC. Note 
4) 


LM158A 
LM258A 
LM358A 
LM158/LM258 
LM358 
LM2904 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
TA = 25°C. INote 51 
1 
2 
1 
3 
2 
3 
±2 
±5 
±2 
±7 
±2 
±7 
mVDC 


Input 
Bias Current 
"NI+) 
or ',NI-I. 
TA = 25°C.INote 
6) 
20 
50 
40 
80 
45 
100 
45 
150 
45 
250 
45 
250 
nADC 


Input 
Offset 
Current 
',N(+I-',NI-). 
TA = 25°C 
2 
10 
2 
15 
5 
30 
±3 
±30 
±5 
±50 
±5 
±50 
nADC 
- 


I nput 
Common-Mode 
V+ = 30 VDC. TA = 25°C INote 71 
0 
V+-l.5 
0 
V+-l.5 
0 
V+-l.5 
0 
V+-l.5 
0 
V+-l.5 
0 
V+-l.5 
VDC 


Voltage 
Range 


Supply 
Current 
RL =~. 
VCC = 30V ILM2904 
VCC = 26V) 
1 
2 
1 
2 
1 
2. 
1 
2 
1 
2 
1 
2 
mADc 


RL = ~ On All Op Amps 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
mADc 


Over 
Full 
Temperature 
Range 


Large 
Signal 
Voltage 
V+ = 15 VDC IFor Large Vo Swingl 
50 
100 
50 
100 
25 
100 
50 
100 
25 
100 
100 
V/mV 


Gain 
RL > 2 krl. 
TA = 25°C 


Output 
Voltage 
Swing 
RL = 2 krl. 
TA = 25°C (LM2904 
RL <: 10 krll 
0 
V+-l.5 
0 
V+-l.5 
0 
V+-l.5 
0 
Y+-1.5 
0 
Y+-l.5 
0 
Y+-l.5 
YDC 


Common-Mode 
DC. TA = 25°C 
70 
85 
70 
85 
65 
85 
70 
85 
65 
70 
50 
70 
dB 


Rejection 
Ratio 


Power 
Supply 
DC. TA = 25°C 
65 
100 
65 
100 
65 
100 
65 
100 
65 
100 
50 
100 
dB 


Rejection 
Ratio 


Ampl 
if ier-to-Ampl 
ifier 
1= 1 kHz to 20 kHz. TA = 25°C 
-120 
-120 
-120 
-120 
-120 
-120 
dB 


Coupling 
Iinput 
Relerred). 
INote 81 


Output 
Current 


Source 
Y,N + = 1 YDC. Y,N - = 0 YDC. 
20 
40 
20 
40 
20 
40 
20 
40 
20 
40 
20 
40 
mADc 


y+ = 15 VDc. 
TA = 25°C 
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LM158/LM258/LM358, LM158A/ 
LM258A/LM358A, LM2904 


Electrical Characteristics 
(Continued) 
(V+ 
= +5.0 
VOC, 
Note 4) 


LM158A 
LM258A 
LM358A 
LM158/LM258 
LM358 
LM2904 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Sink 
VIN- 
: 1 VDC. VIN+ : 0 VOC. 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
mADe 


V+: 
15 VOC. TA' 
25"C 


VIN - : 1 VOC. VIN + : 0 VOC 
12 
50 
12 
50 
12 
50 
12 
50 
12 
50 
~AOC 


TA • 25"C. VO: 
200 mVOC 


Short CirCUit to Ground 
TA' 
25 C. (Note 21 
40 
60 
40 
60 
40 
60 
40 
60 
40 
60 
40 
60 
mADe 


Input 
Offset 
Voltage 
(Note 
51 
4 
4 
5 
±7 
'9 
! 10 
mVOC 


Input 
Offset 
Voltage 
RS' 
on 
7 
15 
7 
15 
7 
20 
7 
7 
7 
I1VtC 


Drift 


Input 
Offset 
Current 
IIN(+I- 
IINI 
1 
30 
30 
75 
±lOa 
!150 
45 
t200 
nAOC 


Input 
Offset 
Current 
10 
200 
10 
200 
10 
300 
10 
10 
10 
pAOCtC 


Drift 


Input 
BIas 
Current 
IIN(+) 
or IIN( 
) 
40 
100 
40 
100 
40 
200 
40 
300 
40 
500 
40 
500 
nAOC 


Input 
Common·Mode 
V+: 
30 VOC, INote 71 
0 
Vi 
2 
0 
V+ 2 
0 
V+ 2 
0 
V+ 2 
0 
V+-2 
0 
V+ 2 
VOC 


Voltage 
Range 


Large 
Signal 
Voltage 
V+ 
= +15 
VOC 
(For 
Large Vo SWing) 
25 
25 
15 
25 
15 
15 
VIm V 


Gain 
RL> 
2 kn 


Output 
Voltage 
Swing 


VOH 
V+ • +30 VOC. RL : 2 kll 
26 
26 
26 
26 
26 
22 
VOC 


RL? 
lOkl1 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
23 
24 
VOC 


VOL 
V+· 
5 VOC. RL < 10 kl1 
5 _ 
20 
5 
20 
5 
20 
5 
20 
5 
20 
5 
100 
mVOC 


Output Current 


Source 
VIN + : +1 VOC. VIN -: 
0 VOC. V+: 
15 VOC 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
mADe 


Sink 
VIN - : +1 VOC. VIN + : 0 VOC. V+ : 15 VOC 
10 
15 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
mADe 


Differential 
Input 
32 
32 
32 
32 
32 
26 
VOC 


Voltage 
(Note 7) 


Note 
1: 
For operating 
at high temperatures, 
the 
LM358/LM358A, 
LM2904 
must be derated 
based on a +12SoC 
maximum 
junction 
temperature 
and a thermal 
resistance of 175°C/W 
which applies for the device 


soldered in a printed 
circuit 
board. 
operating 
in a still air ambient. 
The 
LM258/LM258A 
and LM158/LM158A 
can be derated 
based on a +150°C 
maximum 
junction 
temperature. 
The dissipation 
is the total of all 
four amplifiers-use 
external 
resistors. where possible. to allow the amplifier 
to saturate or to reduce the power which is dissipated in the integrated 
circuit. 


Note 
2: 
Short circuits from 
the output 
to V+ can cause excessive heating and eventual destruction. 
The maximum 
output 
current 
is approximately 
40 mA independent 
of the magnitude 
of V+. At values of supply 


voltage in excess of +15 VOC. 
continuous 
short-circuits 
can exceed the power dissipation 
ratings and cause eventual destruction. 
Destructive 
dissipation 
can result from 
simultaneous 
shorts on all amplifiers. 


Note 
3: 
This input current 
will only 
exist when 
the voltage at any of the input 
leads is driven negative. It is due to the collector-base 
junction 
of the input PNP transistors becoming 
forward 
biased and thereby 


acting as input 
diode clamps. 
In addition 
to this diode action, 
there is also lateral NPN parasitic transistor action on the Ie chip. This transistor action can cause the output 
voltages of the op amps to go to theV+ 
voltage level (or to ground 
for a large overdrive) 
for the time duration 
that an input is driven negative. This is not destructive 
and normal output 
states will re-establish when the input voltage. which was negative, 
again returns to a value greater than -0.3 
VOC 
(at 25°CI. 


Note 
4: 
These specifications 
apply 
for V+ = +5 Vac 
and -55°C :s T~ :s +125"C, 
unless 
otherwise 
stated. 
With the 
LM258/LM258A, 
all temperature 
specifications 
are limited 
to -25"C 
:s T A :s +85°C, 
the LM358/ 


LM358A 
temperature 
specifications 
are limited 
to O°C ~ TA ~ +70 
C, and the LM2904 
specifications 
are limited 
to -40°C 
~ TA 
~ +85°C. 


Note 
5: 
Va" 
1.4 Vac, 
RS = on with 
V+ from 
5 Vac 
to 30 Vac; 
and over 
the full input 
common-mode 
range 
(0 Vac 
to V+ - 
1.5 Vacl. 


Note 6: 
The direction 
of the input 
current 
is out of the Ie due to the PNP input 
stage. This current 
is essentially constant, 
independent 
of the state of the output 
so no loading change exists on the input 
lines. 


Note 
7: The input common-mode 
voltage of either 
input 
signal voltage should not be allowed 
to go negative by more than 
0.3V 
(at 25°C). 
The upper end of the common-mode 
voltage range is V+ -1.5V, 
but 


either or both inputs can go to +32 V DC without 
damage (+26 V DC for LM2904). 


Note 8: 
Due to proximity 
of external 
components. 
insure that coupling 
is not originating 
via stray capacitance 
between 
these external 
parts. This typically 
can be detected 
as this type of capacitive 
increases at 
higher frequencies. 
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The 
LM158 
series 
are op 
amps 
which 
operate 
with 
only 
a 
single 
power 
supply 
voltage, 
have 
true-differential 


inputs, 
and 
remain 
in 
the 
linear 
mode 
with 
an 
input 


common-mode 
voltage 
of 
0 
Yoc. 
These 
amplifiers 
operate 
over 
a wide 
range 
of power 
supply 
voltage 
with 
little 
change 
in 
performance 
characteristics. 
At 
25°C 
amplifier 
operation 
is 
possible 
down 
to 
a 
minimum 


supply 
voltage 
of 
2.3 
Y oc. 


Precautions 
should 
be 
taken 
to 
insure 
that 
the 
power 
supply 
for 
the 
integrated 
circuit 
never 
becomes 
reversed 
in polarity 
or that 
the 
unit 
is not 
inadvertently 
installed 
backwards 
in a test 
socket 
as an unlimited 
current 
surge 
through 
the 
resulting 
forward 
diode 
within 
the 
IC could 
cause 
fusing 
of 
the 
internal 
conductors 
and 
result 
in a 
destroyed 
unit. 


Large 
differential 
input 
voltages 
can 
be easily 
accom- 
modated 
and, 
as 
input 
differential 
voltage 
protection 
diodes 
are 
not 
needed, 
no 
large 
input 
currents 
result 
from 
large 
differential 
input 
voltages. 
The 
differential 


input 
voltage 
may 
be larger 
than 
y+ 
without 
damaging 


the 
device. 
Protection 
should 
be provided 
to prevent 
the 
input 
voltages 
from 
going 
negative 
more 
than 
-0.3 
Yoc 
(at 
25°C). 
An 
input 
clamp 
diode 
with 
a resistor 
to the 


IC input 
terminal 
can 
be used. 


To reduce 
the 
power 
supply 
current 
drain, 
the 
amplifiers 


have 
a class 
A output 
stage 
for 
small 
signal 
levels which 


converts 
to class B in a large signal 
mode. 
This 
allows 
the 
amplifiers 
to 
both 
source 
and sink 
large output 
currents. 


Therefore 
both 
NPN 
and 
PNP 
external 
current 
boost 
transistors 
can be used to extend 
the 
power 
capabil 
ity of 


the 
basic 
amplifiers. 
The 
output 
voltage 
needs 
to raise 
approximately 
1 diode 
drop 
above 
ground 
to 
bias 
the 
on-chip 
vertical 
PNP transistor 
for output 
current 
sinking 


applications. 


For 
ac 
applications, 
where 
the 
load 
is 
capacitively 
coupled 
to the 
output 
of the amplifier, 
a resistor 
should 
be 
used, 
from 
the 
output 
of the 
amplifier 
to ground 
to 
increase 
the 
class 
A bias current 
and prevent 
crossover 
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distortion. 
Where 
the 
load 
is directly 
coupled, 
as in de 
applications, 
there 
is no crossover 
distortion. 


Capacitive 
loads 
which 
are applied 
directly 
to the output 
of the 
amplifier 
reduce 
the 
loop 
stability 
margin. 
Yalues 


of 50 pF can be accommodated 
using 
the worst-case 
non- 


inverting 
unity 
gain 
connection. 
Large 
closed 
loop 
gains 


or 
resistive 
isolation 
should 
be 
used 
if 
larger 
load 
capacitance 
must 
be 
driven 
by 
the 
ampl ifier. 


The 
bias 
network 
of 
the 
LM158 
establishes 
a drain 
current 
which 
is independent 
of 
the 
magnitude 
of 
the 


power 
supply 
voltage 
over 
the 
range 
of from 
3 Yoc 
to 


30 Yoc. 


Output 
short 
circuits 
either 
to ground 
or to the 
positive 


power 
supply 
should 
be 
of 
short 
time 
duration. 
Units 
can 
be 
destroyed, 
not 
as 
a result 
of 
the 
short 
circuit 
current 
causing 
metal 
fusing, 
but 
rather 
due 
to the large 


increase 
in IC chip 
dissipation 
which 
will cause 
eventual 
failure 
due 
to 
excessive 
junction 
temperatures. 
Putting 


direct 
short-circuits 
on more 
than 
one amplifier 
at a time 
will increase 
the total 
IC power 
dissipation 
to destructive 


levels, 
if not 
properly 
protected 
with 
external 
dissipation 
limiting 
resistors 
in series 
with 
the 
output 
leads 
of the 
amplifiers. 
The 
larger 
value 
of 
output 
source 
current 
which 
is available 
at 25°C 
provides 
a larger 
output 
cur· 


rent 
capability 
at 
elevated 
temperatures 
Isee 
typical 
performance 
characteristics) 
than 
a standard 
IC op amp. 


The 
circuits 
presented 
in the 
section 
on typical 
applica- 
tions 
emphasize 
operation 
on only 
a single 
power 
supply 


voltage. 
If complementary 
power 
supplies 
are 
available, 
all 
of 
the 
standard 
op 
amp 
circuits 
can 
be 
used. 
In 


general, 
introducing 
a 
pseudo-ground 
la 
bias 
voltage 


reference 
of Y+/2) 
will allow 
operation 
above 
and below 


this 
value 
in single 
power 
supply 
systems. 
Many 
applica- 


tion 
circuits 
are shown 
which 
take 
advantage 
of the wide 


input 
common-mode 
voltage 
range 
which 
includes 
ground. 
In most 
cases, 
input 
biasing 
is not 
required 
and 


input 
voltages 
which 
range 
to 
ground 
can 
easily 
be 


accommodated. 


DC Summing Amplifier 


lVlN'S 2: 0 VDC AND VD 2: 0 VDC) 


fo= 
1 kHz 


0= 50 
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100 (40 dB) 
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....•__ ~~IIII{;Unoucror 
m,.. 
:E 
....• LM159/LM359 Dual, High Speed, Programmable, 
Current Mode (Norton) Amplifiers 


The lM159/lM359 
consists 
of two 
current 
differencing 
(Norton) 
input 
amplifiers. 
Design 
emphasis 
has 
been 
placed 
on 
obtaining 
high 
frequency 
performance 
and 
providing 
user 
programmable 
amplifier 
operating 
characteristics. 
Each amplifier 
is broad banded to provide 
a high gain bandwidth 
product, 
fast slew rate and stable 
operation 
for 
an 
inverting 
closed 
loop 
gain 
of 
10 or 
greater. Pins for additional 
external 
frequency 
compensa- 
tion are provided. The amplifiers 
are designed 
to operate 
from 
a 
single 
supply 
and 
can 
accommodate 
input 
common-mode 
voltages 
greater 
than the supply. 


• 
General 
purpose 
video amplifiers 


• 
High frequency, 
high Q active 
filters 


• 
Photo-diode 
amplifiers 


• 
Wide frequency 
range waveform 
generation 
circuits 


• 
All 
lM3900 
AC 
applications 
work 
to 
much 
higher 
frequencies 


• 
User 
programmable 
gain 
bandwidth 
product, 
slew 
rate, input 
bias current, 
output 
stage 
biasing 
current 
and total 
device 
power dissipation 


• 
High gain bandwidth 
product 
(ISET = 0.5 mAl 
400 MHz for Av = 10 to 100 
30 MHz for Av=1 


• 
High slew rate (ISET = 0.5 mAl 
60 V//-Isfor Av = 10 to 100 
30 V//-Isfor Av = 1 


• 
Current 
differencing 
inputs 
allow 
high common-mode 
input voltages 


• 
large 
inverting 
amplifier 
output 
swing, 
2 
mV 
to 
Vcc-2V 


0.01 pF 


'''~ . 


• AV;20 
dB 
• 
-3 
dB bandwidth=2.5 
Hz to 25 MHz 


• 
Differential phase error<1· at 3.58 MHz 


• 
Differential 
gain error <0.5% 
at 3.58 MHz 


Order 
Number 
LM159J 
or lM359J 
See NS Package 
J14A 


Order 
Number 
LM359N 
See NS Package 
N14A 


SetCurrents,ISETIIN)or ISET(OUT) 


Operating Temperature 
Range 
LM159 
LM359 


Storage Temperature Range 


Lead Temperature (Soldering, 10 seconds) 


Power Dissipation 
(Note 1) 
J Package 
N Package 


Maximum 
Tj 


J Package 
N Package 


°jA 
J Package 
N Package 


-55°Cto 
+125°C 


QOCt07QoC 
- 65°C to + 15QoC 


3QQoC 


Parameter 
Conditions 
LM159 
LM359 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Open 
Loop 
Voltage 
Gain 
VsuPPly=12V, 
RL=1k, 
1=100 
Hz 
66 
72 
62 
72 
dB 
TA = 125°C 
62 
68 
68 
dB 


Bandwidth 


Unity 
Gain 
R1N= 1 kO, Ccomp = 10 pF 
20 
30 
15 
30 
MHz 


Gain 
Bandwidth 
Product 
R1N= 500 to 2000 
300 
400 
200 
400 
MHz 


Gain 
01 10 to 100 


Slew 
Rate 


Unity 
Gain 
R1N= 1 kO, Ccomp = 10 pF 
30 
30 
V//-Is 


Gain 
01 10 to 100 
R1N<2000 
60 
60 
V//-Is 


Amplilier 
to Amplilier 
1= 100 Hz to 100 kHz, RL = 1k 
-80 
-80 
dB 
Coupling 


Mirror 
Gain 
(Note 
2) 
@2mAI1N(+), 
ISET=5/-1A, 
TA=25°C 
0.95 
1.0 
1.05 
0.9 
1.0 
1.1 
/-IAI/-IA 


@0.2 
mA IIN(+), 
ISET=5 
/-IA 
0.95 
1.0 
1.05 
0.9 
1.0 
1.1 
/-IA//-IA 
Over Temp 


@20 /-IA IIN( +), 
ISET= 5 /-IA 
0.95 
1.0 
1.05 
0.9 
1.0 
1.1 
/-IA//-IA 
Over Temp 


"'Mirror 
Gain 
(Note 
2) 
@20 /-IA to 0.2 mA IIN( +) 
1 
5 
3 
5 
% 


Over Temp, 
ISET= 5 /-IA 


Input 
Bias 
Current 
Inverting 
Input, 
TA = 25°C 
8 
15 
8 
15 
/-IA 
Over Temp 
30 
30 
/-IA 


Input 
ReSistance 
(fJre) 
Inverting 
Input 
2.5 
2.5 
kO 


Output 
Resistance 
IOUT=15 
mA rms, 
1=1 
MHz 
3.5 
3.5 
0 


Output 
Voltage 
Swing 
RL = 6000 


VOUT High 
IIN( -) 
& IIN( + ) Grounded 
9.5 
10.3 
9.5 
10.3 
V 


VOUT Low 
IIN(-)=100/-lA,IIN(+)=0 
2 
50 
2 
50 
mV 


Output 
Currents 


Source 
IIN( -) 
& IIN( +) 
Grounded, 
RL = 1000 
20 
40 
16 
40 
mA 


Sink 
(Linear 
Region) 
Vcomp-0.5V=VOUT= 
1V, IIN(+)=O 
4.7 
4.7 
mA 


Sink 
(Overdriven) 
IIN(-)=100/-lA,IIN(+)=0, 
2 
3 
1.5 
3 
mA 
VOUT Force 
= 1V 


Supply 
Current 
Non-Inverting 
Input 
18.5 
20 
18.5 
22 
mA 
Grounded, 
RL = 00 


Power 
Supply 
Rejection 
1= 120 Hz, IIN( +) 
Grounded 
40 
50 
40 
50 
dB 
(Note 
3) 


Note 1: See Maximum 
Power Dissipation 
graph. 


Note 
2: Mirror 
gain 
is 
the 
current 
gain 
of 
the 
current 
mirror 
which 
is 
used 
as 
the 
non-inverting 
input. 


Gain is the % change in AI for two different 
mirror currents at any given temperature. 


Note 
3: See Supply Rejection 
graphs. 
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The 
LM159/LM359 
consists 
of 
two 
wide 
bandwidth, 
decompensated 
current 
differencing 
(Norton) amplifiers. 
Although 
similar 
in operation 
to the 
original 
LM3900, 
design emphasis 
for these amplifiers 
has been placed on 


obtaining 
much 
higher 
frequency 
performance 
as 
il- 
lustrated 
in Figure 
1. 
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This significant 
improvement 
in frequency 
response 
is 


the 
result 
of 
using 
a 
common-emitter/common-base 
(cascode) 
gain stage 
which 
is typical 
in many discrete 


and integrated 
video and RF circuit 
designs. Another ver- 


satile aspect of these amplifiers 
is the ability 
to external- 


ly program many inlernal 
amplifier 
parameters 
to suit the 


requirements 
of a wide variety 
of applications 
in which 
this type of amplifier 
can be used. 


The I-M359 is intended 
for single 
supply 
voltage 
opera- 


tion which requires 
DC biasing 
of the output. The current 


mirror circuitry 
which provides the non-inverting 
input for 


the amplifier 
also facilitates 
DC biasing 
the output. The 


basic operation 
of this current 
mirror is that the current 
(both AC and DC) flowing 
into the non-inverting 
input 
will 


force an equal amount 
of current 
to flow into 
the invert- 
ing 
input. 
The 
mirror 
gain 
(AI) 
specification 
is 
the 


measure 
of how closely 
these 
two currents 
match. 
For 


more details 
see National 
Application 
Note AN-72. 


DC biasing 
of the output 
is accomplished 
by establishing 
a reference 
DC current 
into the (+) 
input, 
I,N(+), and re- 


quiring 
the output 
to provide 
the (-) 
input 
current. This 
forces 
the 
output 
DC 
level 
to 
be 
whatever 
value 
necessary 
(within 
the 
output 
voltage 
swing 
of 
the 
amplifier) 
to provide 
this 
DC reference 
current, 
Figure 2. 


Rt 
'FB- 


Vo 
Vo(DC)= VBE(-) + 'FB Rt 
'FB= I,N(+ )·A,+ 'b(-) 


":' 
v+ -VSE(+) 


I'NI+)- 
Rb 


'b( -) 
is the inverting input bias current 


The DC input 
voltage 
at each 
input 
is a transistor 
V BE 


(;;0.6 
VDel and must 
be considered 
for DC biasing. 
For 


most applications, 
the supply voltage, V +, is suitable 
and 


convenient 
for 
establishing 
I,N(+). The 
inverting 
input 
bias current, 
'bl-), is a direct 
function 
of the program- 


mable 
input 
stage 
current 
(see current 
programmability 


section) 
and to obtain 
predictable 
output 
DC biasing 
set 
',N(+)2:10Ib(-)· 


The following 
figures 
illustrate 
typical 
biasing 
schemes 


for AC amplifiers 
using 
the LM359: 


Rt 
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[v+ 
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1 


Vo(DC)= VBEI-I + Rt 
Rb 
+ 'bl -IJ 


FIGURE 
3. Biasing 
an Inverting 
AC Amplifier 


"00--1 


Rt 


AV(AC)= +-- 


Rs+re 
[v+ 
-VsE(+1 
] 


vo(DC)=VSEI-I+Rt 
Rb 
+Ibl-I 


FIGURE 
4. Biasing 
a Non-Inverting 
AC Amplifier 
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Rt 
AV(AC)= -- 
Rs 
-= 


Vo(DC)=VSE(-1(1 + ~) 
+Ib(-)Rt 


FIGURE 
5. nVBE Biasing 


The nVSE biasing 
configuration 
is most 
useful 
for 
low 


noise applications 
where a reduced 
input impedance 
can 
be accommodated 
(see typical 
applications 
section). 


OPERATING 
CURRENT 
PROGRAMMABILITY 
(ISET) 


The input bias current, 
slew rate, gain bandwidth 
product, 


output 
drive capability 
and total 
device power consump· 
tion of both amplifiers 
can be simultaneously 
controlled 
and optimized 
via the two programming 
pins ISETIOUTjand 


ISET(INr 


ISET(OUTj 


The output 
set current (ISET(OUTj)is equal to the amount 
of 
current 
sourced 
from 
pin 1 and establishes 
the class 
A 
biasing 
current 
for the Darlington 
emitter 
follower 
output 


stage. 
Using 
a single 
resistor 
from 
pin 1 to ground, 
as 
shown 
in Figure 6, this current 
is equal to: 


The output 
set current 
can be adjusted 
to optimize 
the 
amount 
of current 
the output 
of the amplifier 
can sink to 


drive 
load capacitance 
and for loads 
connected 
to V +. 


The maximum 
output 
sinking 
current 
is approximately 
10 
times 
'SHIOUT)' 
This set current 
is best used to reduce the 
total 
device 
supply 
current 
if the amplifiers 
are not re- 


quired 
to drive small 
load· impedances. 


ISET(IN) 


The input set current 
ISET(INIis equal to the current 
flow- 


ing into 
pin 8. A resistor 
from 
pin 8 to V + sets this cur- 


rent to be: 


ISET(IN) is 
most 
significant 
in 
controlling 
the 
AC 


characteristics 
of the lM359 
as it directly 
sets the total 


input 
stage 
current 
of the amplifiers 
which 
determines 


the maximum 
slew rate, the frequency 
of the open loop 


dominant 
pole, the input resistance 
of the (-) 
input and 


the 
biasing 
current 
Ib( -). 
All 
of these 
parameters 
are 


significant 
in 
wide 
band 
amplifier 
design. 
The 
input 


stage current 
is approximately 
3 times 
ISET(IN)and by us· 
ing this relationship 
the following 
first order approxima· 


tions 
for these AC parameters 
are: 


3IsETIIN)(10- 6) 


Sr(MAX) = max slew rate- 
(VII's) 
Ccomp 


frequency 
of 
_ 
3IsET(IN) 
dominant 
pole 
(Hz) 
2n Ccomp AVOL (0.026 V) 


150 (0.026 V) 


input 
resistance 
= fJre~ 
(0) 


3ISET(IN) 


where Ccomp 
is the total 
capacitance 
from the campen· 


sation 
pin (pin 3 or pin 13) to ground, 
AVOL is the low fre· 


quency 
open 
loop voltage 
gain 
in VIV and an ambient 


temperature 
of 
25·C 
is 
assumed 
(KT/q = 26 mV 
and 


fJtyp = 150). ISET(IN)also 
controls 
the 
DC input 
bias 
cur· 


rent by the expression: 


31sET ISET 


Ib( -) 
= --~- 
for NPN fJ = 150 


fJ 
50 


which 
is important 
for DC biasing 
considerations. 


The total 
device 
supply 
current 
(for both 
amplifiers) 
is 


also a direct 
function 
of the set currents 
and can be ap· 


proximated 
by: 


with 
each 
set 
current 
programmed 
by 
individual 


resistors. 


Operating 
current 
programming 
may 
also 
be 
ac· 


complished 
using 
only 
one 
resistor 
by letting 
ISET(IN) 
equaIISET(OUTj-The programming 
current 
is now referred 


to as ISETand it is created 
by connecting 
a resistor 
from 


pin 1 to pin 8 (Figure 
8). 


V+ - 2VBE 


ISET= 
where VBE~0.6V 
RSET+ 1 kO 


ISET(lN)= ISET(OUT)= ISET 


FIGURE 
8. Single 
Resistor 
Programming 
of ISET 


This 
configuration 
does 
not affect 
any of the 
internal 
set 
current 
dependent 
parameters 
differently 
than 
previously 
discussed 
except 
the 
total 
supply 
current 
which 
is now equal to: 


Care must be taken when using resistors 
to program 
the 
set current 
to prevent 
significantly 
increasing 
the sup· 
ply voltage 
above 
the value 
used to determine 
the set 
current. 
This 
would 
cause 
an increase 
in total 
supply 
current 
due to the resulting 
increase 
in set current 
and 
the 
maximum 
device 
power 
dissipation 
could 
be ex· 


ceeded. The set resistor 
value(s) should 
be adjusted 
for 
the new supply 
voltage. 


One method 
to avoid this is to use an adjustable 
current 
source 
which 
has voltage 
compliance 
to generate 
the 
set current 
as shown 
in Figure 
9. 


67.7 mV 
ISET=--@2S·C 
RSET 


This circuit 
allows 
'SETto remain 
constant 
over the en· 
tire 
supply 
voltage 
range 
of the 
lM359 
which 
also 
im- 


proves power supply 
ripple rejection 
as illustrated 
in the 
Typical 
Performance 
Characteristics. 
It should 
be noted, 


however, that 
the current 
through 
the lM334 
as shown 
will 
change 
linearly 
with 
temperature 
but this 
can 
be 
compensated 
for (see lM334 
data sheet). 


Pin 1 must 
never 
be shorted 
to ground 
or pin 8 never 
shorted 
to V+ 
without 
limiting 
the current 
to 2 mA or 
less to prevent 
catastrophic 
device 
failure. 


CONSIDERATIONS 
FOR HIGH 
FREQUENCY 


OPERATION 


The lM359 
is intended 
for use in relatively 
high frequen· 


cy 
applications 
and 
many 
factors 
external 
to 
the 
amplifier 
itself 
must 
be considered. 
Minimization 
of 
stray 
capacitances 
and their 
effect 
on circuit 
operation 
are the 
primary 
requirements. 
The 
following 
list 
con- 


tains 
some 
general 
guidelines 
to help accomplish 
this 
end: 


1. Keep the leads 
of all external 
components 
as short 
as possible. 


2. Place 
components 
conducting 
signal 
current 
from 
the output 
of an amplifier 
away from that amplifier's 


non-inverting 
input. 


3. Use reasonably 
low value 
resistances 
for 
gain 
set- 


ting and biasing. 


4. Use 
of 
a ground 
plane 
is 
helpful 
in 
providing 
a 
shielding 
effect 
between 
the inputs 
and from input to 


output. 
Avoid using 
vector 
boards. 


5. Use a single·point 
ground 
and 
single-point 
supply 
distribution 
to 
minimize 
crosstalk. 
Always 
connect 


the two grounds 
(one from each amplifier) 
together. 


7. Bypass 
the supply 
close 
to the device 
with 
a low in- 
ductance, 
low 
value 
capacitor 
(typically 
a .01 I'F 


ceramic) 
to create 
a good 
high frequency 
ground. 
If 


long 
supply 
leads 
are unavoidable, 
a small 
resistor 


("'100) 
in series 
with 
the bypass 
capacitor 
may be 


needed and using 
shielded 
wire for the supply 
leads 


is also recommended. 


The LM359 is internally 
compensated 
for stability 
with 


closed 
loop inverting 
gains 
of 10 or more. For an invert- 
ing gain of less than 10 and all non-inverting 
amplifiers 


(the amplifier 
always 
has 100% 
negative 
current 
feed- 
back 
regardless 
of the 
gain 
in the 
non-inverting 
con- 


figuration) 
some external 
frequency 
compensation 
is re- 
quired 
because 
the stray 
capacitance 
to ground 
from 


the (-) 
input 
and the feedback 
resistor 
add additional 


lagging 
phase within 
the feedback 
loop. The value of the 


input 
capacitance 
will typically 
be in the range of 6 pF 


to 
10 pF for 
a reasonably 
constructed 
circuit 
board. 
When using 
a feedback 
resistance 
of 30 kO or less, the 


best method 
of compensation, 
without 
sacrificing 
slew 


rate, is to add a lead capacitor 
in parallel 
with the feed- 


back resistor 
with a value on the order of 1 pF to 5 pF as 


shown 
in Figure 
10. 


"No-1 


Another 
method 
of compensation 
is to increase 
the ef- 
fective 
value of the internal 
compensation 
capacitor 
by 


adding 
capacitance 
from the CaMP 
pin of an amplifier 


to ground. 
An external 
20 pF capacitor 
will 
generally 


compensate 
for all gain settings 
but will also reduce the 


gain bandwidth 
product 
and the slew rate. These same 


results 
can also 
be obtained 
by reducing 
ISET(IN)if the 


full 
capabilities 
of the amplifier 
are not required. 
This 


method 
is termed 
over-compensation. 


Another 
area of concern 
from 
a stability 
standpoint 
is 


that 
of capacitive 
loading. 
The amplifier 
will 
generally 


drive capacitive 
loads 
up to 100 pF without 
oscillation 


problems. 
Any larger 
C loads 
can be isolated 
from the 


output 
as shown 
in Figure 
11.Over-compensation 
of the 


amplifier 
can also 
be used if the corresponding 
reduc- 


tion of the GBW product 
can be afforded. 


In most 
applications 
using 
the LM359, the input 
signal 


will be AC coupled 
so as not to affect 
the DC biasing 
of 


the amplifier. 
This gives rise to another 
subtlety 
of high 


frequency 
circuits 
which 
is the 
effective 
series 
induc- 


tance 
(ESL) of the coupling 
capacitor 
which 
creates 
an 


increase 
in the impedance 
of the capacitor 
at high fre- 


quencies 
and can cause 
an unexpected 
gain reduction. 


Low ESL capacitors 
like solid tantalum 
for large values 


of C and ceramic 
for smaller 
values 
are recommended. 


A parallel 
combination 
of the two 
types 
is even better 


for gain accuracy 
over a wide frequency 
range. 


The ability 
of the LM359 to provide 
gain at frequencies 


higher 
than 
most 
monolithic 
amplifiers 
can 
provide 


makes 
it most 
useful 
as a basic 
broadband 
amplifica- 


tion 
stage. The design 
of standard 
inverting 
and 
non- 


inverting 
amplifiers, 
though 
different 
than 
standard 
op 


amp design 
due to the current 
differencing 
inputs, 
also 


entail 
subtle 
design 
differences 
between 
the two types 


of amplifiers. 
These differences 
will 
be best 
illustrated 


by design 
examples. 
For these 
examples 
a practical 


video amplifier 
with a passband 
of 8 Hz to 10 MHz and a 


gain of 20 dB will be used. It will be assumed 
that the in- 


put will 
come 
from 
a 750 source 
and proper 
signal 
ter- 


mination 
will 
be considered. 
The supply 
voltage 
is 12 


VDC and single 
resistor 
programming 
of the operating 
current, 
ISET'will 
be used for simplicity. 


c; 
0.01 pF 
"1 


75 
eOUT 


RSH 


2. Determine 
the required 
ISETfrom 
the characteristic 


curves 
for gain bandwidth 
product. 


For a flat response 
to 10 MHz a closed 
loop response 


to two octaves 
above 10 MHz (40 MHz) will 
be suffi- 


cient. 


v + - 2VBE 
10.8V 


RSET= 
-----1 
k!l=----1 
k!l=20.6k!l 


ISET 
0.5 mA 


3. Determine 
maximum 
value 
for 
Rt to provide 
stable 
DC biasing 


:. 
31SET _ 100 I'A minimum 
DC 
If(MIN)r10 x 
- 
feedback 
current 
(J 


Optimum 
output 
DC level for maximum 
symmetrical 


swing 
without 
clipping 
is: 


Vo(MAX)- Vo(MIN) 


VoDC(opt)- -------+ 
Vo(MIN) 


2 


(V+ -3VBE!-2 
mV 


2 


12-1.8V 
10.2V 


VoDC(opt)~---=--=5.1 
VDC 


2 
2 


Rf(MAX)can now be found: 


VoDC(opt)- VBE(-) 
5.1V - 0.6 
Rf(MAX)= 
45 k!l 


If(MIN) 
100l'A 


This 
value 
should 
not 
be exceeded 
for 
predictable 


DC biasing. 


4. Select 
Rs to be large enough so as not to appreciably 


load the input 
termination 
resistance: 


Rf 
Av= 
- - 
so; Rf= 1ORs= 7.5 k!l 


Rs 


7.5 
kG is 
less 
than 
the 
calculated 
Rt(MAX)so 
DC 


predictability 
is insured. 


6. Since Rf = 7.5k, for the output 
to be biased to 5.1 VDC' 
the reference 
current 
IIN(+) must be: 


5.1V - VBE(-) 
5.1V - .6V 


'IN(+)=------ 
-600I'A 
Rt 
7.5 kG 


V+ -VBE(+) 
12-0.6 


Rb = ----- 
- --- 
= 19 k!l 
IIN(+) 
600l'A 


7. Select 
C1 to 
provide 
the 
proper 
gain 
for 
the 
8 Hz 


minimum 
input 
frequency: 


Cj;;.----·- 
------ 
- 
261'F 


2n Rs (flow) 
2n (750!l) (8 Hz) 


response 
down 
to 
8 
Hz 
and 
a 0.01 
I'F 
ceramic 


capacitor 
in parallel 
with 
Cj will 
maintain 
high 
fre- 


quency 
gain accuracy. 


8. Test for peaking 
of the frequency 
response 
and add a 
feedback 
"lead" 
capacitor 
to 
compensate 
if 
necessary. 


Final 
Circuit 
Using Standard 
5% 


Tolerance 
Resistor 
Values: 


m 
; 
20 


~ 
15 


'"'" 
~ 
10 
> 


tOM 


FREOUENCV 
(Hz) 


Vo(DC) = 5.1V 
Differential 
phase error<1 
0 for 3.58 MHz fiN 


Differential 
gain error<0.5% 
for 3.58 MHz fiN 


f _ 3 dB low = 2.5 Hz 


For this 
case 
several 
design 
considerations 
must 
be 


dealt with. 


• The output 
voltage 
(AC and DC) is strictly 
a function 
of the size of the feedback 
resistor 
and the sum of AC 


and DC "mirror 
current" 
flowing 
into the (+) 
input. 


• The 
amplifier 
always 
has 
100% 
current 
feedback 
so external 
compensation 
is required. 
Add 
a small 
(1 
pF-5 
pF) 
feedback 
capacitance 
to 
leave 
the 


amplifier's 
open 
loop 
response 
and 
slew 
rate 


unaffected. 


• To prevent 
saturating 
the mirror 
stage 
the total 
AC 


and DC current 
flowing 
into the amplifier's 
(+) 
input 


should 
be less than 2 mA. 


• The output's 
maximum 
negative 
swing 
is one diode 


above ground 
due to the VBE diode 
clamp 
at the (-) 


input. 


Application Hints (Continued) 


DESIGN 
EXAMPLE: 


elN = 50 mV (MAX), fiN = 10 MHz (MAX), desired 
circuit 


BW=20 
MHz, 
Av=20 
dB, 
driving 
source 
impe- 


dance = 750, V + = 12V. 


1. Basic 
circuit 
configuration: 


'IN~ 
1 


75 


2. Select 
ISET to provide 
adequate 
amplifier 
bandwidth 


so that 
the 
closed 
loop 
bandwidth 
will 
be deter- 


mined 
by Rf and Cf' To do this, the set current 
should 


program 
an amplifier 
open 
loop gain of at least 
20 


dB at the desired 
closed 
loop bandwidth 
of the cir- 


cuit. 
For this example, 
an ISET of 0.5 mA will provide 


26 dB of open loop gain at 20 MHz which 
will be suf- 


ficient. 
Using 
single 
resistor 
programming 
for ISET: 


3. Since the closed 
loop bandwidth 
will be determined 


by Rf and C/f 
_ 3 dB = __ 1_)to 
obtain 
a 20 MHz 


\ 
2n RfCf 


bandwidth, 
both 
Rf and Cf should 
be kept 
small. 
It 


can be assumed 
that 
Cf can be in the range of 1 pF 


to 5 pF for carefully 
constructed 
circuit 
boards 
to in- 


sure stability 
and allow 
a flat 
frequency 
response. 


This will 
limit 
the value of Rf to be within 
the range 


of: 


"RfE; 
2n5 pF 20 MHz 
2n 1 pF 20 MHz 


Also, 
for a closed 
loop gain 
of + 10, Rf must 
be 10 


times 
Rs + re where 
re is the mirror 
diode 
resistance. 


4. So as not to appreciably 
load the 750 input termina- 


tion 
resistance 
the value of (Rs + re) is set to 7500. 


5. For Av = 10; Rf is set to 7.5 kO. 


6. The optimum 
output 
DC level 
for 
symmetrical 
AC 


swing 
is: 


Vo(MAX)- Vo(MIN) 


VoDC(opt)=------+ 
Vo(MIN) 


2 


(12 -1.8)V 
- 0.6V 
= 
+ 0.6V = 5.4VDC 


VoDC(opt)- VBE( - ) 
5.4V - 0.6V 
IFB= ------= 
---- 


DC biasing 
predictability 
will 
be insured 
because 


640 
"A 
is 
greater 
than 
the 
minimum 
of 
Iserl5 
or 


100 ,.A- 


For gain 
accuracy 
the total 
AC and 
DC mirror 
cur- 


rent should 
be less than 2 mA. For this example 
the 


maximum 
AC mirror 
current 
will be; 


± ein peak 
± 50 mV 
---=---= 
±66"A 


Rs+ re 
7500 


therefore 
the total 
mirror 
current 
range 
will 
be 574 


"A 
to 706 /-IAwhich 
will 
insure gain accuracy. 


8. Rb can now be found: 


V+ -VBE(+) 
12-0.6 
Rb- 
= 17_8 kO 


'IN(+ ) 
640 "A 


9. Since 
Rs+ re will 
be 7500 and re is fixed 
by the DC 


mirror 
current 
to be: 


KT 
26 mV 
re= 
= --~400 
at 25°C 


q IIN(+) 
640 "A 


Rs must 
be 7500-400 
or 7100 which 
can be a 6800 


resistor 
in 
series 
with 
a 300 
resistor 
which 
are 


standard 
5% tolerance 
resistor 
values. 


10. As a final 
design 
step, C, must 
be selected 
to pass 


the 
lower 
passband 
frequency 
corner 
of 
8 Hz for 


this example. 


C,= 
-26.5/-1F 
2n (Rs+ rel flow 
2n (7500) (8 Hz) 


A larger 
value 
may be used and a 0.01 /-IF ceramic 


capacitor 
in parallel 
with 
C, will 
maintain 
high 
fre- 


quency 
gain accuracy. 


The 
LM359 
is 
designed 
primarily 
for 
single 
supply 
operation 
but split supplies 
may be used if the negative 
supply 
voltage 
is well 
regulated 
as the amplifiers 
have 
no negative 
supply 
rejection. 


The total 
device power dissipation 
must always 
be kept 
in mind when selecting 
an operating 
supply voltage, the 
programming 
current, 
ISET'and the load resistance, 
par- 
ticularly 
when DC coupling 
the output 
to a succeeding 
stage. 
To prevent 
damaging 
the 
current 
mirror 
input 
diode, the mirror 
current 
should 
always 
be limited 
to 10 


30 


25 
~ 
20 
z~ 
15 
u 
~ 
10 
> 


- 
- 
i"'. 
- 


- 
- 
- 
10M 


FREQUENCY 
(Hz) 


Vo(DC)= 5.4V 


Differential 
phase error <0.50 


Differential 
gain efror <2% 


t _ 3 dB low = 2.5 Hz 


mA, or less, which 
is important 
if the input 
is suscepti- 
ble to high voltage 
transients. 
The voltage 
at any of the 
inputs 
must 
not be forced 
more 
negative 
than 
- 0.7V 
without 
limiting 
the current 
to 10 mA. 


The 
supply 
voltage 
must 
never 
be 
reversed 
to 
the 
device; 
however, 
plugging 
the 
device 
into 
a socket 
backwards 
would 
then 
connect 
the 
positive 
supply 
voltage 
to the pin that has no internal 
connection 
(pin 5) 
which 
may prevent 
inadvertent 
device failure! 


[ 


V + - VBE(+) 
VIN(DC) - VBE(-)] 
vo(DC)= 
------------ 
Rt+VBE(-) 
Rb 
Rs 


Rt 
AV(AC)= - 
- 
Rs 


(VIN(DC)- VBE(+ ))Rt 
vo(DC) = VBE(- )+------- 
Rs 


Rt 
AV(AC)= + --- 


Rs+fe(+) 


• 
Eliminates 
the need for an input coupling capacitor 


• 
input DC level must be stable and can exceed the supply voltage of 
the LM359 provided that maximum 
input currents are not exceeded. 


nVBE BIASING- 


ISETUN) 
= 2 mA 


\ 
'SETON) 
= 0.5 mA- 


ISETON) = 0.05 mA 
~ 


C 
"No-1 


RSET(lNI T 0.0' pF 
~ 
20 


~ 
16 


I~ 
12 


nVBE Biasing 
with a Negative 
Supply 


'Ok 


C' 
27k 
"No-1 
1-1 


1+) 


VOUT 


27k 
VOUT 
C2 


~ 
':" 
':" 


FET input voltage mode op amp 


For AV = + 1; BW = 40 MHz, Sr=60 
V/"s; Cc = 51 pF 


For AV= + 11; BW=24 
MHz, Sr= 130 V/"s; Cc=5 
pF 


For AV = + 100; BW = 4.5 MHz, Sr= 150 V/"s; Cc = 2 pF 


Vos is typicaJly<25 mV; 1000 potentiometer 
allows a Vos adjust 
range of :::± 200 mV 


• 
Inputs must be DC biased for single supply operation 


D1rvRCA N-Type Silicon P·I·N Photodiode 


• 
Frequency response of greater than 10 MHz 


• 
If slow rise and fall times can be tolerated 
the gate un the output can be removed. In 
this case the rise and the fall time of the LM359 is 40 ns. 


• 
TpDL = 45 ns, TpDH = 50 ns- 
T2L output 


Cl 


'IN 0--1 


y+ 
ForVo1=Vo2=- 
2 


R3(R6 
) 
Ay~- 
-+1 
Rl 
R4 


R3 
y+ -2+ 


R2 
2(Y+ -+l 


• 1 MHz-3 
dB bandwidth with gain of 10 and 0 dbm into 6000 


• 0.3% distortion 
at full bandwidth; reduced to 0.05% with bandwidth 
of 10 kHz 


• Will drive CL = 1500 pF with no additional compensation, 
± 0.01 j.lF with Ccomp = 180 pF 


• 70 dB signal to noise ratio at 0 dbm into 6000, to kHz bandwidth 


Difference 
Amplifier 


R6* 


R4 
Yo(DC) ~ -(V 
+ - +l where + ~ 0.6Y 
R3 


R4 
Ay~- 
R1 


Voltage 
Controlled 
Oscillator 


C 
20pF 


YIN-+ 
fo~--- 
4CAY 
Rl 


where: 
R2 ~ 2Rl 
+ = amplifier 
input voltage = O.6V 


AV= DM7414 hysteresis, 
typ tV 


*CMRA 
is adjusted for max at expected eM input signal 
R5 
R~-, 
for R5~ 100 kO 
5 


• Wide bandwidth 


• 
70 dB CMRR typ 


• Wide eM Input voltage range 


PS 
CLR 


o 
0 


1/2 OM7414 


eLK 


r-s: 
...•. 
CJ1 


Phase 
Locked 
Loop 
ser- 


10V 
s: 
W 
10k 
CJ1 
CO 


2N2923 


5k 


10k 


50 


"=' 
"=' 
"=' 
1DOpF 


2DpF 


lOOk 
GAIN 
ADJUST 


Vee 
o 
0 


1/2 DM7474 


eLK 


ps 
eLR 


25kHz 


LOW 
PASS 
FILTER 


e 
130PF* 


1=1 MHz 


Output is TIL compatible 


Frequency is adjusted by R1 & C (R1«R2) 


O.lIJ.F 


12 T 


• 
The high speed of the LM359 allows the center frequency 00 
product of the flIter to 
be : fo x 00"5 
MHz 


• The above fHter(s) maintains 
performance 
over wide temperature 
range 


• 
One half of LM359 acts as a true non-inverting integrator so only 2 amplifiers 
(instead 
of 3 or 4) are needed for the biquad flIter structure 


2 Y1N(DC) 
1 
1 
2 


Type I 
---+ 
- + -= 
- 
; 
R1 =2R 
Y+(Rj2) 
R 
Ro 
Rb 


1 
1 
2 


Type II 
- +-= 
- 
; 
R1 =2R 


R 
RO 
Rb 


1 
1 
2 
1 
Y1N(DC) 
1 


Type III 
- +-=- 
; - =---+ 
- 


R 
RO 
Rb 
R1 
Y+(Rj1) 
2R 


Type 
VOl 
Y02 
Cj 
RI2 
R11 
'0 
00 
'z (notch) 
Ho(LP) 
Ho(BP) 
Ho(HP) 
Ho(BR) 
I 
BP 
LP 
0 
Rj2 
00 
'12nRC 
RdR 
- 
R/Ri2 
RdRj2 
- 
- 


II 
HP 
BP 
Cj 
00 
00 
';' nRC 
RdR 
- 
- 
RoCi/RC 
Cj/C 
- 


III 
Notchl 
Cj 
Rj1 
'12nRC 
RdR 
'12nv'RRjCCj 
Hol 
=CjlC 
BR 
- 
00 
- 
- 
- 


'_00 


Hol 
=R/Rj 
'-0 


c 
JOO,FT 


Output is TTL compatible 


Duty cycle is adjusted by R1 


Frequency is adjusted by C 


1=1 MHz 


Duty cycle = 20% 


3. 


2VJLJL 
va 


OV 


Crystal 
Controlled 
Sinewave 
Oscillator 


5pF 


0.1 $.IF 


~ 


Vo = 500 mVp·p 


1=9.1 MHz 


THD<2.5% 


V2 output is TlL compatible 


R2 adjusts for symmetry of the triangle waveform 


Frequency is adjusted with A5 and C 


LM192/LM292/LM392, LM2924 Low Power Operational 
AmplifierNoltage Comparator 


The 
LM192 
series consists of 
2 independent 
building 
block circuits. 
One is a high gain, internally 
frequency 
compensated operational 
amplifier, 
and the other is a 
precision 
voltage 
comparator. 
Both 
the 
operational 


ampl ifier and the voltage comparator 
have been specifi- 
cally 
designed to 
operate from 
a single power supply 
over a wide range of voltages. Both circuits have input 
stages which will common-mode 
input down to ground 
when operating from 
a single power supply. Operation 
from 
split power supplies is also possible and the low 
power supply current 
is independent 
of the magnitude 
of the supply voltage. 


Application 
areas include 
transducer 
amplifier 
with 
pulse shaper, DC gain block with 
level detector, 
VCO, 
as well 
as all 
conventional 
operational 
amplifier 
or 
voltage comparator circuits. Both circuits can be operated 
directly from the standard 5 VDC power supply voltage 
used in digital 
systems, and the output 
of the compar- 
ator will 
interface 
directly 
with 
either TTL 
or CMOS 
logic. In addition, the low power drain makes the LM192 
extremely useful in the design of portable equipment. 


• 
Eliminates need for dual power supplies 


• 
An 
internally 
compensated op amp and a precision 
comparator in the same package 


• 
Allows sensing at or near ground 


• 
Power drain suitable for battery operation 


• 
Pin-out is the same as both the LM 158 dual op amp 
and the LM 193 dual comparator 


• 
Wide power supply voltage range 
Single supply 
3V to 32V 


Dual supply 
±1.5V to ±16V 


• 
Low supply current drain-essentially 
independent of 
supply voltage 
600 J1A 


• 
Low input biasing current 
50 nA 


• 
Low input offset voltage 
2 mV 


• 
Low input offset current 
5 nA 


• 
Input common-mode voltage range includes ground 


• 
Differential 
input 
voltage range equal to the power 
supply voltage 


• 
Internally 
frequency compensated for unity gain 


• 
Large DC voltage gain 
100 dB 


• 
Wide bandwidth 
(unity gain) 
1 MHz 


• 
Large output voltage swing 
OV to V+ - 
1.5V 


• 
Low output saturation voltage 
250 mV at 4 mA 


• 
Output 
voltage 
compatible 
with 
all types of 
logic 
systems 


Order Number LM192J, 
LM292J, 
LM392J or LM2924J 


See NS Package J08A 


Order Number LM392N or LM2924N 


See NS Package N08B 


Supply Voltage, VT 
32V or ±16V 
26V or ±13V 


Differential 
Input Voltage 
32V 
26V 
Input Voltage 
-O.3V to +32V 
-O.3V to +26V 
Power Dissipation (Note 1) 
Molded DIP (LM392N, LM2924NI 
570 mW 
570 mW 


Metal Can I LM 192H/LM292H/LM392HI 
830 mW 


Output Short-Circuit to Ground (Note 2) 
Continuous 
Continuous 


Input Current (V,N < -0.3 
VOC) (Note 3) 
50 mA 
50 mA 


Operating Temperature Range 
LM392 
aOc to +70°C 
-40°C 
to +8SoC 


LM292 
-2SoC to +8SoC 


LM192 
-55°C 
to +125°C 


Storage Temperature Range 
-6SoC to +150°C 
-65°C 
to +150°C 


Lead Temperature (Soldering, 10 seconds) 
300°C 
300°C 


Electrical 
Characteristics 
(v+ = 5 VDC; specifications 
apply 
to both 
amplifiers 
unless 
otherwise 
stated) 
(Note 
4) 


CONDITIONS 
LM192 
LM292/LM392 
LM2924 
UNITS 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
TA • 25°C, (Note 51 
±2 
±5 
±2 
±5 
±2 
±7 
mV 


Input Bias Current 
IN(+) 0' IN(-J. 
TA' 
25°C, 
50 
150 
50 
250 
50 
250 
nA 


INote 6) 


Input Offset Current 
IN(+) - 
INt-l, 
TA' 
25°C 
±3 
±25 
±5 
+:50 
+5 
±SO 
nA 


Input Common· Mode Voltage 
V+ • 30 VDC, TA • 25°C, 
0 
V+-1.5 
0 
V+-l.5 
0 
V+-1.5 
V 


Range 
(Note 7) 


Supply Current 
RL' 
00, VCC' 
30V, 
1 
2 
1 
2 
1 
2 
mA 


ILM2924, VCC' 
26V) 


Supply Current 
RL=oo,VCC=5V 
0.5 
1 
0.5 
1 
0.5 
1 
mA 


Amplifier-to-Amplifier 
Coupling 
f = 1 kHz to 20 kHz, 
-100 
-100 
-100 
dB 


T A = 25°C, Input Referred, 


INote 8) 


Input Offset Voltage 
INote 51 
±7 
±7 
±10 
mV 


Input Bias Current 
INI+) 0' INI-) 
300 
400 
500 
nA 


Input Offset Current 
IN(+I- 
IN(-I 
100 
150 
200 
nA 


Input Common·Mode Voltage 
V+ • 30 VDC, (Note 71 
0 
V+-2 
0 
V+-2 
0 
V+-2 
V 


Range 


Differential 
Input Voltage 
Keep All VIN', <':0 VDC 
32 
32 
26 
V 


(or V-, 
if Used). (Note 9) 


OP AMP ONLY 


Large Signal Voltage Gain 
V+ = 15 VOC (For Large 
50 
100 
25 
100 
100 
V/mV 


Va Swing), RL = 2 kn, 


TA' 
25°C 


Output Voltage Swing 
RL' 
2 kn, TA' 
25°C, 
0 
V+-l.5 
0 
V+-1.5 
0 
V+-l.5 
V 


(LM2924, RL <': 10 knJ 


Common·Mode Rejection Ratio 
DC, TA' 
25°C 
70 
85 
65 
70 
50 
70 
dB 


Power Supply Rejection Ratio 
DC, TA' 
25°C 
65 
100 
65 
100 
50 
100 
dB 


Output Current Source 
VINI+I'l 
VDC, 
20 
40 
20 
40 
20 
40 
mA 


VIN(-) 
• 0 VDC, 


V+· 
15 VOC, 


TA'25°C 


Output Current Sink 
VINI-) 
• 1 VDC, 
10 
20 
10 
20 
10 
20 
mA 


VINI+) • 0 VDC, 
V+· 
15 VDC, 


Vo<,:lVDC, 


TA'25°C 


VINI-I' 
1 VDC, 
12 
50 
12 
50 
12 
50 
I'A 


VINI+I • 0 VDC, 


V+· 
15 VDC, Vo' 
200 mV, 


TA'25°C 


~ 
Electrical 
Characteristics 
(Continued) 
N 
0)N 
LM192 
LM292/LM392 
LM2924 
UNITS 
:E 
PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


..oJ 
Input Offset Voltage Drift 
RS = on 
7 
7 
7 
~vfc 
N 
Input 
Offset 
Current 
Drift 
RS = on 
10 
10 
10 
pAocfc 
0) 
COMPARATOR ONLY 
('I) 


Voltage 
Gain 
RL ~ 15 kn. V+ = 15 Voc. 
50 
200 
50 
200 
25 
100 
V/~V 
:E 
TA = 25°C 
..oJ 
Large Signal 
Response 
Time 
VIN "" TTL Logic Swing, 
300 
300 
300 
ns 
N 
VREF = 1.4 VOC 
0) 
VRL = 5 Voc. 
RL = 5.1 kn. 
N 
TA = 25°C 
:E 
..oJ 
Response 
Time 
VRL = 5 Voc. 
RL = 5.1 kn. 
1.3 
1.3 
1.5 
~s 


N 


TA = 25°C.INote 
101 


0) 
Output 
Sink Current 
VIN(-) 
= 1 Voc. 
6 
16 
6 
16 
6 
16 
mA 


T"" 
VINI+I 
= 0 VOC. 


:E 


Vo501.5VOC.TA=25°C 


..oJ 
Saturation 
Voltage 
VINH 
~ 1 Voc. 
250 
400 
250 
400 
400 
mV 


VINI+I 
= O. 


ISINK $ 4 mA. 


TA = 25°C 


VIN(-I? 
1 Voc. 
700 
700 
700 
mV 


VIN(+I = O. 


ISINK $ 4 mA 


Output 
Leakage 
Current 
VINI_I 
= O. 
0.1 
0.1 
0.1 
nA 


VIN(+) ~ 1 Voc. 


Vo= 
5Voc. 


TA = 25°C 


VIN(-I 
= O. 
1.0 
1.0 
1.0 
~A 


vINI+1 ~ 1 VOC. 


Vo= 30VOC 


Note 
1: 
For 
operating 
at temperatures 
above 
2SoC, 
the 
LM392N 
and 
the 
LM2924N 
must 
be derated 
based 
on a 12SoC 
maximum 
junction 
tern· 
perature and a thermal resistance of 17S 


QC/W which applies for the device soldered in a printed circuit 
board, operating in still atr ambient. The 
LM192H/LM292H/LM392H 
must 
be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 1scfC/W. The dissi- 
pation 
is the total of both amplifiers-use 
external resistors, where possible, to allow the amplifier 
to saturate or to reduce the power which is 


dissipated in the integrated circuit. 


Note 2: Short circuits from the output to V+ can causeexcessiveheating and eventual destruction. The maximum output current is approximately 
40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V+. At values of supply voltage in excessof 15V, contin- 
uous short circuits can exceed the power dissipation ratings and causeeventual destruction. 


Note 3: 
This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction 
of 
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the IC chip. This transistor action can causethe output voltages of the amplifiers to go to the V+ voltage level (or 
to ground for a large overdrive) for the time duration 
that an input 
is driven negative. This is not destructive and normal output 
states will 


re~stablish when the input voltage, which was negative, again returns to a value greater than -0.3V 
(at 2!f Cl. 


Note 4: 
These specifications apply for V+ = SV and -55°e 
::; TA :S +12Soe, unless otherwise stated. For the LM292, all temperature specifica- 


tions are limited 
to -25°e 
:s. TA S +85°e, the LM392 temperature specifications are limited to oOe:S.TA:S +70oe and the LM2924 temperature 


specifications are limited to --40oe ~ TAS 
+8SoC. 


Note 5: 
At output 
switch point, 
Va 
==: l.4V, 
RS = on with V+ from 5V to 30V; and over the full input common-mode range (OV to V+ -1.5VI. 


Note 6: 
The direction 
of the input current 
is out of the IC due to the PNP input stage. This current is essentially constant, independent of the 


state of the output so no loading change exists on the input lines. 


Note 7: The input common·mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common-mode voltage range is V+ - 
1.5V, but either or both inputs can go to 32V without 
damage (26V for LM2924). 


Note 8: 
Due to proximity 
of external components, insure that coupling is not originating via the stray capacitance between these external parts. 
This typically 
can be detected as this type of capacitive increasesat higher frequencies. 


Note 9: 
Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within 
the common- 


mode range, the comparator will provide a proper output 
state. The input voltage to the op amp should not exceed the power supply level. The 


input voltage state must not be lessthan -0.3V 
(or 0.3V below the magnitude of the negative power supply, if used) on either amplifier. 


Note 10: 
The responsetime specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 


LM216/LM316, LM216A1LM316A Operational Amplifiers 
General 
Description 


These devices are precision, high input impedance 
operational 
amplifiers 
designed for 
applications 


requiring extremely low input·current 
errors. They 
use supergain transistors 
in 
a Darlington 
input 


stage to get input 
bias currents that are equal to 
high·quality 
FET amplifiers-even 
in limited 
tem· 


perature range operation. The low input current is, 
however, obtained 
with 
some sacrifice 
to offset 


voltage, offset voltage drift 
and noise when com· 


pared to the non· Darlington 
LM 112 series. Note· 


worthy 
specifications include: 


• 
Guaranteed bias currents as low as 50 pA 


• 
Maximum offset currents down to 15 pA 


• 
Operates from supplies of ±3V to ±20V 


• 
Supply current only 300 J.1Aat ±20V 


These operational 
amplifiers 
are internally 
fre· 
quency compensated and have provisions for offset 
balancing with 
a single external 
potentiometer. 


Further, unlike most other internally compensated 
ampl ifiers, 
the 
MaS 
compensation 
capacitor 
is 


protected 
to 
prevent 
catastrophic 
failure 
from 
overvoltage spikes on 
the supplies. 


The low current 
error of these amplifiers 
make 
possible many 
designs that 
were previously 
im· 
practical 
with 
monolithic 
amplifiers. 
They 
will 


operate 
from 
100 Mrl 
source resistances, intro· 
ducing less error than general purpose amplifiers 
with 
10 krl 
sources. Integrators with 
worst case 


drifts lessthan 10J.1V/secand analog time delays in 
excess of 
one day can also be made using capa· 


citors no larger than 1 J.1F. 


The LM216A 
and LM316A are high performance 


versions of the LM216 and LM316. The LM216 
and 
LM216A 
are specified 
for 
operation 
from 
_25°C to 
85°C, while the LM316 and LM316A 
are specified from 0°C to 55° C. 


C1J 


lOOOPF 


Order Number LM216H or 
LM216AH 
or LM316H or 


LM316AH 
See NS Package HOSe 


Differential 
Input Current 
(Note 2) 
Input Voltage (Note 3) 
Output 
Short-Circuit 
Duration 
Operating Temperature 
Range LM216/LM216A 
LM31 6/LM3 16A 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 see) 


±10 mA 


±15V 


Indefinite 
_25°C to 85°C 
DoC to 70°C 


_65°C to 150°C 


300°C 


PARAMETER 
CONDITIONS 
LM216A 
LM216 
LM316A 
LM316 
UNITS 


Input Offset Voltage 
T A = 25°C, Max 
3 
10 
3 
10 
mV 


Input Offset Current 
T A = 25°C, Max 
15 
50 
15 
50 
pA 


Input Bias Current 
T A = 25°C, Max 
50 
150 
50 
150 
pA 


Input Resistance 
T A = 25°C, Min 
5 
1 
5 
1 
GQ 


Supply Current 
T A = 25°C, Max 
0.6 
0.8 
0.6 
0.8 
mA 


Large Signal Voltage Gain 
T A = 25°C, Vs = ±15V, 
VOUT = ±lQV, 
RL ~ 
10 kQ, 
Min 
40 
20 
40 
20 
V/mV 


Input Offset Voltage 
Max 
6 
15 
6 
15 
mV 


Input Offset Current 
Max 
30 
100 
30 
100 
pA 


Input Bias Current 
Max 
100 
250 
100 
250 
pA 


Supply Current 
T A = T MAX, 
Max 
0.5 
0_5 
mA 


Large Signal Voltage Gain 
Vs = ±15V, VOUT = ±10V, 
RL > 10 kQ, Min 
20 
10 
30 
15 
V/mV 


Output Voltage Swing 
Vs = ±15V, RL = 10 kQ, 
Min 
±13 
±13 
±13 
±13 
V 


Input Voltage Range 
Vs = ±15V, Min 
±13 
±13 
±13 
±13 
V 


Common-Mode Rejection Ratio 
Min 
80 
80 
80 
80 
dB 


Supply Voltage Rejection Ratio 
Min 
80 
80 
80 
80 
dB 


Note 1: 
The maximum junction temperature of the LM216 and LM216A 
is 100°C, while that of the 
lM316 
and 
LM316A 
is 70oe. 
For 
operating 
at elevated 
temperatures, 
devices 
in the 
TO-5 
package 
must be derated based on a thermal resistanceof 150oC/W. junction to ambient, or 45°C/W, 
junction 
to case. 


Note 
2: 
The 
inputs 
are 
shunted 
with 
back-ta-back 
diodes 
for 
overvoltage 
protection. 
Therefore, 
excessive current 
will 
flow 
if a differential 
input voltage in excess of 1V is applied 
between 
the inputs 
unless some limiting 
resistance is used. 


Note 3: 
For supply voltages less than ±15V, 
the absolute maximum 
input voltage is equal to the 


supply voltage. 


Note 4: 
These specifications apply for ±5V < Vs <±2QV 
and -25°C 
<TA 
<85°C, 
unlessotherwise 


specified. With the LM316 
and LM316A 
however,ail 
temperature speCTficatlOnsare limited to QOC< 
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LM709/LM709A1LM709C Operational Amplifier 
General Description 


The 
LM70S 
series are a monolithic 
operational 


amplifier intended for general·purpose applications. 
Operation is completely 
specified over the range of 
voltages commonly 
used for 
these devices. The 
design, in addition 
to providing 
high gain, mini- 


mizes both offset voltage and bias currents. Further, 
the 
class-B output 
stage gives a 
large output 


capability 
with minimum 
power drain. 


External 
components 
are used to frequency com· 


pensate 
the 
amplifier. 
Although 
the 
unity·gain 


compensation 
network 
specified 
will 
make the 
amplifier 
unconditionally 
stable 
in all feedback 


configurations, 
compensation 
can be tailored 
to 


optimize 
high-frequency 
performance for any gain 


setting. 


The fact 
that 
the amplifier 
is built 
on a single 
silicon 
chip provides low offset 
and temperature 
drift 
at minimum 
cost. It also ensures negligible 


drift 
due to temperature 
gradients in the vicinity 


of the ampl ifier. 


The 
LM70SC 
is commercial·industrial 
version of 


the LM70S. It is identical to the LM70S/LM70SA 
except that it is specified for operation 
from O°C 
to +70°C. 


IN'UT 
,,,tGunt" 
COM'ENSATION 
'" 


Unity 
Gain 
Inverting 
Amplifier 


R' 
10K 


FET Operational Amplifier 


c, 


v· 
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vU",,,.lIy 
VUllC:lg~ 
±18V 
±18V 
Power Dissipation (Note 1) 
300 mW 
250 mW 


Differential Input Voltage 
±5V 
±5V 


Input Voltage 
±10V 
±10V 


Output Short-Circuit 
Duration (TA = 25°C) 
5 seconds 
5 seconds 


TMIN 
TMAX 
TMIN 
TMAX 


Storage Temperature 
Range 
-65°C to +150°C 
-65°C to +150°C 


Operating Temperature 
Range 
--55°C to +125°C 
O°C to +70°C 


Lead Temperature 
(Soldering, 10 seconds) 
300°C 
300°C 


Electrical 
Characteristics 
(Note 2) 


LM709A 
LM709 
LM709C 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
TA = 25°C, AS < 10 kn 
0.6 
2.0 
1.0 
5.0 
2.0 
7.5 
mV 


Input Bias Current 
TA=25°C 
100 
200 
200 
500 
300 
1500 
nA 


Input Offset Current 
TA = 25°C 
10 
50 
50 
200 
100 
500 
nA 


Input Resistance 
TA = 25°C 
350 
700 
150 
400 
50 
250 
kn 


Output 
Resistance 
TA=25°C 
150 
150 
150 
n 


Supply Current 
TA = 25°C, Vs = ±15V 
2.5 
3.6 
2.6 
5.5 
2.6 
6.6 
mA 


Transient Response 
VIN = 20 mY, CL :0; 100 pF 


Risetime 
TA = 25°C 
1.5 
0.3 
1.0 
0.3 
1.0 
~s 


Overshoot 
30 
10 
30 
10 
30 
% 


Slew Rate 
TA = 25°C 
0.25 
0.25 
0.25 
V/~s 


Input Offset Voltage 
AS:O; 10 kn 
3.0 
6.0 
10 
mV 


Average Temperature Coefficient 
AS = son 


T A = 25°C to TMAX 
1.8 
10 
3.0 
6.0 
~vfc 


of Input Offset Voltage 
TA = 25°C to TMIN 
1.8 
10 
6.0 
12 
~vfc 


AS = 10 kn 
TA = 25°C to TMAX 
2.0 
15 


TA = 25°C to TMIN 
4.8 
25 


Large Signal Voltage Gain 
VS=±15V, 
AL::::2kn 
25 
70 
25 
45 
70 
15 
45 
Vim V 


VOUT = ±10V 


Output Voltage Swing 
Vs = ±15V, AL = 10 kn 
±12 
±14 
±12 
±14 
±12 
±14 
V 


VS=±15V,AL=2kn 
±10 
±13 
±10 
±13 
±10 
±13 
V 


Input Voltage Range 
Vs = ±15V 
±8.0 
±8.0 
±10.0 
±8.0 
±10 
V 


Common-Mode 
Rejection Ratio 
AS:O; 10 kn 
80 
110 
70 
90 
65 
90 
d8 


Supply Voltage Rejection Ratio 
AS:O; 10 kn 
40 
100 
25 
150 
25 
200 
~V/V 


Input Offset Current 
TA=TMAX 
3.5 
50 
20 
200 
75 
400 
nA 


TA=TMIN 
40 
250 
100 
500 
125 
750 
nA 


Input Bias Current 
TA=TMIN 
0.3 
0.6 
0.5 
1.5 
0.36 
2.0 
~A 


Input Resistance 
TA=TMIN 
85 
170 
40 
100 
50 
250 
kn 


Note 
1: 
For operating 
at elevated temperatures, 
the device must be derated 
based on a 150°C 
maximum 
junction 
temperature 
for 
LM709/LM709A 
and 100°C 
maximum 
for LM709C 
and a thermal 
resistance of 150°C/W 
junction 
to ambient 
or 45°C/W, 
junction 
to case for the metal can package. 


Note 
2: 
These 
specifications 
apply 
for 
-55°C 
~ 
TA 
~ 
+125°C 
for 
LM709/LM709A 
and O°C ~ TA 
~ +70°C 
for 
LM709C 
with 
the following 


conditions: 
±9V:O; Vs S ±15V, 
Cl 
= 5000 pF, Rl = 1.5k, C2 = 200 pF and R2 = 51n. 
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LM725/LM725A1LM725C (Instrumentation) Operational 
Amplifier 


The LM725/LM725A/LM725C 
are operational am- 


plifiers 
featuring 
superior performance in applica- 
tions 
where 
low 
noise, low 
drift, 
and accurate 


closed-loop gain are required. With high common 
mode 
rejection 
and offset 
null 
capability, 
it 
is 
especially 
suited 
for 
low 
level 
instrumentation 


applications 
over 
a wide 
supply 
voltage 
range. 


The LM 725A has tightened electrical performance 
with 
higher input accuracy and like the LM725. is 


guaranteed over a _55°C to +125°C temperature 
range. The LM725C has slightly 
relaxed specifica- 
tions 
and has its performance 
guaranteed over a 


O°C to 70°C temperature 
range. 


• 
High open loop gain 


• 
Low input voltage drift 


3.000.000 


0.6J1VfC 


120dB 


0.15 pA/.jHz 


2 nA 


• 
High common mode rejection 


• 
Low input noise current 


• 
Low input offset current 


• 
High input voltage range 
±14V 


• 
Wide power supply range 
±3V to ±22V 


• 
Offset null capability 


Order Number LM725H 
or 
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or LM725CH 
See 
NS Package 
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" A\lVIl 
1'1I 
'A\MAXI 


InIernal "'ower Ulsslpation (Note 1) 
500 mV 
LM725 
-55°C 
to 
+125°C 
Differential Input Voltage 
±5V 
LM725A 
-55°C 
to 
+125°C 
Input Voltage (Note 2) 
±22V 
LM725C 
O°C 
to 
+70°C 
Storage Temperature 
Range 
_65°C to +150°C 
Lead Temperature 
(Soldering, 10 sec) 
300°C 


Electrical Characteristics 
(Note 3) 


CONDITIONS 
LM725A 
LM725 
LM725C 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input 
Offset 
Voltage 
(Without 
T A 
= 2SoC, 
RS '$ 10 kO 
0.5 
0.5 
1.0 
0.5 
2.5 
mV 


External 
Trim) 


Input 
Offset 
Current 
TA: 
25°C 
2.0 
5.0 
2.0 
20 
2.0 
35 
nA 


Input 
Bias Current 
TA::: 2SoC 
42 
BO 
42 
100 
42 
125 
nA 


Input 
Noise 
Voltage 
TA - 25°C 


fa = 10 Hz 
15 
15 
15 
nV/..;Hz 


fo"'l00Hz 
9.0 
9.0 
9.0 
nV/..;Hz 


fa = 1 kHz 
B.O 
B.O 
B.O 
nV/..;Hz 


Input 
Noise 
Current 
TA = 25°C 


fa 
= 10 Hz 
1.0 
1.0 
1.0 
pA/..;Hz 


fa'" 
100 
Hz 
0.3 
0.3 
0.3 
pA/..;Hz 


fa = 1 kHz 
0.15 
0.15 
0.15 
pA/..;Hz 


Input Resistance 
TA - 25°C 
1.5 
1.5 
1.5 
MU 


Input 
Voltage 
Range 
TA = 25°C 
±13.5 
±14 
±13.5 
±14 
±13.5 
±14 
V 


Large 
Signal 
Voltage 
Gain 
TA::: 25°C.RL~ 
2 kU. 
1000 
3000 
1000 
3000 
250 
3000 
V/mV 


VOUT" 
±lOV 


Common-Mode 
Rejection 
Ratio 
TA = 25°C. RS~ 
10 kU 
120 
110 
120 
94 
120 
dB 


Power 
Supply 
Rejection 
Ratio 
TA = 25°C. RS ~ 10 kU 
2.0 
5.0 
2.0 
10 
2.0 
35 
~VIV 


Output 
Voltage 
Swing 
TA = 25°C. 


RL~10kU 
±12.S 
±13.5 
±12 
±13.5 
±12 
±13.5 
V 


RL ~ 2 kU 
±12.0 
±13.5 
±10 
±13.5 
±10 
±13.5 
V 


Power 
Consumption 
TA = 25°C 
BO 
105 
BO 
105 
BO 
150 
mW 


Input 
Offset 
Voltage 
(Without 
RS ~ 10 kU 
0.7 
1.5 
3.5 
mV 


External 
Trim) 


Average 
Input 
Offset 
Voltage 
Drift 
RS 
50U 
2.0 
2.0 
5.0 
2.0 
~vtc 


(Without 
External 
Trim) 


Average 
Input 
Offset 
Voltage 
Drift 
RS = 50U 
0.6 
1.0 
0.6 
0.6 
~vtc 


(With 
External 
Trim) 


Input 
Offset 
Current 
TA = TMAX 
1.2 
4.0 
1.2 
20 
1.2 
35 
nA 


TA = TMIN 
7.5 
lB.O 
7.5 
40 
4.0 
50 
nA 


Average 
Input 
Offset 
Current 
Drift 
35 
90 
35 
150 
10 
pAtC 


Input 
Bias Current 
TA = TMAX 
20 
70 
20 
100 
125 
nA 


TA = TMIN 
BO 
180 
BO 
200 
250 
nA 


Large Signal 
Voltage 
Gain 
RL ~ 2 kU 


TA = TMAX 
1.000.000 
1.000.000 
125.000 
V!V 


RL ~ 2 kU 


TA=TMIN 
500.000 
250.000 
125.000 
VIV 


Common· 
Mode 
Rejection 
Ratio 
RS~ 
10 kU 
110 
100 
115 
dB 


Power 
Supply 
Rejection 
Ratio 
RS~ 
10 kU 
B.O 
20 
20 
~VIV 


Output 
Voltage 
Swing 
RL ~ 2 kU 
±12 
±10 
±10 
V 


Note 
1: 
Derate 
at 
1 50°C/W 
for 
operation 
at 
ambient 
temperatures 
above 
7ft C. 


NotB 2: 
For 
supply 
voltages 
less than 
±22V. 
the 
absolute 
maximum 
input 
voltage 
is equal 
to 
the 
supply 
voltage. 


Note 
3: 
These 
specifications 
apply 
for 
Vs = ±15V 
unless 
otherwise 
specified. 


I emperalure 
Tor various 
NUllea 
InpUl UTTS8l 
unnullea 
InpUl UTTsel 


Supply 
Voltages 
Voltage 
vs Temperature 
Voltage 
vs Temperature 
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TEMPERATURE 
rCI 
TEMPERATURE 
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TEMPERATURE 
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Input 
Voltage 
vs Temperature 
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Values 
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Input 
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Closed 
Loop 
vs Frequency 
vs frequency 
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FREQUENCY (Hz) 
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Frequency 
Response 
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Output 
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Open 
Loop 
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Typical Performance Characteristics 
(Continued) 


Change 
in Input 
Offset 
Absolute 
Maximum 
Power 
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Time 
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Due to Thermal 
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~National 
~ 
Semiconductor 
Operational Ampl ifiersl Buffers 


LM741/LM741A1LM741C/LM741E Operational Amplifier 


General 
Description 


The LM741 
series are general purpose operational 


amplifiers 
which 
feature 
improved 
performance 


over industry 
standards like the LM709. 
They are 


direct, plug-in replacements for the 709C, 
LM201, 


MC1439 
and 748 in most applications. 


tection on the input and output, 
no latch-up when 


the common 
mode range is exceeded, as well as 


freedom from oscillations. 


The amplifiers 
offer 
many features which 
make 


their application 
nearly foolproof: 
overload pro- 


The 
LM741 C/LM741 
E 
are 
identical 
to 
the 


LM741/LM741A 
except 
that 
the 
LM741C/ 


LM741 E have their performance 
guaranteed over 


a O°C to 
+70°C 
temperature 
range, instead of 


-55°C 
to +125°C. 


Order 
Number 
LM741H, 
LM741AH. 
LM741CH 
or LM741EH 
See NS Package HOSC 


DOu~I_ln_LinepaCk;ge 


OFFSET 
~ULl 
lie 


Hill[llTlNCfNPUT 
Z 
J 
v' 


NON-fNV£IlTING 
l 
& 
OUTPUT 


INPUT 


v- 
4 
S 
OffSHNUll 


Order Number 
LM741CN 
or LM741EN 
See NS Package N OSB 
Order Number 
LM741CJ 
See NS Package JOSA 


Order Number 
LM741CN·14 
See NS Package N14A 
Order Number 
LM741J-14. 
LM741AJ-14 
or LM741CJ-14 
See NS Package J14A 


Absolute Maximum Ratings 


LM741A 
LM741E 


±22V 


'500mW 
±30V 
±15V 
Indefinite 


O°C to +70°C 


-65°C to +150°C 


300°C 


LM741 


±22V 
500mW 


±30V 
±15V 


Indefinite 
-55°C to +125°C 
-65°C to +150°C 
300°C 


LM741C 


±18V 
500 mW 
±30V 
±15V 
Indefinite 
O°C to +70°C 


-65°C to +150°C 
300°C 


Supply Voltage 
Power Dissipation 
(Note 1) 


Differential 
Input Voltage 
Input Voltage (Note 2) 


Output 
Short Circuit 
Duration 


Operating Temperature 
Range 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 seconds) 


±22V 
500mW 
±30V 
±15V 
Indefinite 


-55°C to +125°C 
-65°C to +150°C 


300°C 


PARAMETER 
LM741A1LM741E 
LM741 
LM741C 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
TA = 25°C 


RS ~ 10 kn 
1.0 
5.0 
2.0 
6.0 
mV 


RS ~ 50n 
0.8 
3.0 
mV 


TAMIN~TA~TAMAX 


RS ~ 50n 
4.0 
mV 


RS ~ 10 kn 
6.0 
7.5 
mV 


Average Input Offset 
15 
pvtc 


Voltage 
Drift 


Input 
Offset 
Voltage 
T A"" 
2SoC. Vs 
==- ±20V 
±10 
±15 
±15 
mV 


Adjustment 
Range 


Input 
Offset 
Current 
TA=25°C 
3.0 
30 
20 
200 
20 
200 
nA 


TAMIN~TASTAMAX 
70 
85 
500 
300 
nA 


Average Input Offset 
0.5 
nAfC 


Current 
Drift 


Input 
Bias Current 
TA = 25°C 
30 
80 
80 
500 
80 
500 
nA 


TAMIN~TA~TAMAX 
0.210 
1.5 
0.8 
pA 


Input 
Resistance 
TA = 25°C, Vs = ±20V 
1.0 
6.0 
0.3 
2.0 
0.3 
2.0 
Mn 


TAMIN S TA STAMAX, 
0.5 
Mn 


Vs = ±20V 


nput 
Voltage 
Range 
TA = 25°C 
±12 
±13 
V 


TAMIN~TASTAMAX 
±12 
±13 
V 


Large 
Signal 
Voltage 
Gain 
TA = 25°C, RL2: 2 kn 


Vs = ±20V, Vo = ±15V 
50 
V/mV 


Vs = ±15V, Vo 
= ±lDV 
50 
200 
20 
200 
V/mV 


TAMINSTASTAMAX, 
RL2: an, 


Vs = ±20V, Vo = ±15V 
32 
V/mV 


Vs = ±15V, 
Vo = ±lOV 
25 
15 
V/mV 


Vs = ±5V. Vo = ±2V 
10 
V/mV 


Output 
Voltage 
Swing 
Vs = ±20V 


RL2:lOkn 
±16 
V 


RL 2: an 
±15 
V 
VS=±15V 


RL2:1O kn 
±12 
±14 
±12 
±14 
V 


RL 2: an 
±10 
±13 
±1O 
±13 
V 


Output Short Circuit 
TA = 25°C 
10 
25 
35 
25 
25 
mA 


Current 
TAMIN<TASTAMAX 
10 
40 
mA 


Common-Mode 
TAMINSTASTAMAX 


Rejection 
Ratio 
RSS 10 kn, VCM = ±12V 
70 
90 
70 
90 
d8 


RS S 50 kn, VCM = '12V 
80 
95 
dB 


CONDITIONS 
Ltvt/"+ IAfLIVl/q 
It: 
LIVI,,,+t 
LIVI,•• I", 
UNITS 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Supply 
Voltage 
Rejection 
TAMIN S TA <; TAMAX. 


Ratio 
Vs ~ ±20V to Vs = ±5V 


RSS 50n 
B6 
96 
dB 


RSS 10 kn 
77 
96 
77 
96 
dB 


Transient 
Response 
T A = 25°C, 
Unity 
Gain 


Rise 
Time 
0.25 
O.B 
0.3 
0.3 
~s 


Overshoot 
6.0 
20 
5 
5 
% 


Bandwidth 
(Note 
4) 
TA = 25°C 
0.437 
1.5 
MHz 


Slew 
Rate 
TA = 2SoC, 
Unity 
Gain 
0.3 
0.7 
0.5 
0.5 
V/~s 


Supply 
Current 
TA = 25°C 
1.7 
2.B 
1.7 
2.B 
mA 


Power 
Consumption 
TA = 25°C 


Vs = ±20V 
BO 
150 
mW 


VS=±15V 
50 
B5 
50 
B5 
mW 


LM741A 
Vs = ±20V 


TA=TAMIN 
165 
mW 


TA=TAMAX 
135 
niw 


LM741 E 
Vs = ±20V 
150 
mW 


TA=TAMIN 
150 
mW 


TA=TAMAX 
150 
mW 


LM741 
VS=±15V 


TA=TAMIN 
60 
100 
mW 


TA = TAMAX 
45 
75 
mW 


Note 
1: 
The maximum junction 
temperature of the LM741/LM741A 
is 150°C, 
while that of the LM741C/LM741E 
is lOOoe. 
For operation at 
elevated 
temperatures, 
devices in the TO-5 
package must be derated 
based on a thermal 
resistance of 150°C/W 
junction 
to ambient, 
or 4S 


oC/W 
junction 
to case. The thermal 
resistance of the dual-in~line package is l00°C/W junction 
to ambient. 


Note 2: 
For supply voltages less than ±15V. 
the absolute 
maximum 
input voltage is equal to the supply voltage. 


Note 
3: 
Unless otherwise 
specified. 
these specifications 
apply 
for 
Vs ~ ±15V, 
~5°C 
:; 
TA :; +125°C 
(LM741/LM741AI. 
For the 
LM741C/ 
LM741 E. these specifications 
are limited 
to O°C ~ T A ~ +70°C. 


Note 4: 
Calculated 
value from: 
BW (MHz) ~ O.35/Rise Time(~sl. 


LM7 47/LM7 47AlLM7 47C/LM7 47E Dual Operational 
Amplifiers 


The 
LM747 
series 
are 
general 
purpose 
dual 


operational 
amplifiers. 
The 
two 
amplifiers 
share 


a 
common 
bias 
network 
and 
power 
supply 
leads. 
Otherwise, 
their 
operation 
is 
completely 


independent. 


• 
No latch-up 


• 
Balanced 
offset 
null 


Additional 
features 
of 
the 
LM747 
and 
LM747C 
are: 
no latch-up 
when 
input 
common 
mode 
range 


is exceeded, 
freedom 
from 
oscillations, 
and 
pack- 


age flexibility. 


The 
LM747C/LM747E 
is identical 
to the 
LM7471 


LM747A 
except 
that 
the 
LM747C/LM747E 
has its 
specifications 
guaranteed 
over 
the 
temperature 


range 
from 
O°C 
to 
+70°C 
instead 
of 
-55°C 
to 


+125°C. 


• 
Short-circuit 
protection 


• 
Wide 
common-mode 
and 
differential 
voltage 
ranges 


Absolute Maximum Ratings 


Supply 
Voltage 
LM747 /LM747 A 
±22V 


LM747C/LM747E 
±1aV 


Power Dissipation 
(Note 1) 
aoo mW 


Differential 
Input Voltage 
±30V 


Input 
Voltage 
(Note 2) 
±15V 


Output 
Short-Circuit 
Duration 
Indefinite 


Operating Temperature 
Range 


LM747 /LM747 A 
-55°C 
to +1 25°C 


LM747C/LM747E 
O°C to +70°C 


Storage Temperature 
Range 
--65°C to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
(Note 3) 


LM747A/LM747E 
LM747 
LM747C 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
TA" 
25'C 


Rs~ 
10 kn 
1.0 
5.0 
2.0 
6.0 
mV 


RS~ 50n 
0.8 
3.0 
mV 


TAMIN~TA~TAMAX 


RS ~ 50n 
4.0 
mV 


RS ~ 10 kn 
6.0 
7.5 
mV 


Average Input Offset 
15 
~vfc 


Voltage 
Drift 


Input 
Offset 
Voltage 
T A 
'= 2SoC, Vs '" ±20V 
±10 
±15 
±15 
mV 


Adjustment 
Range 


Input 
Offset 
Current 
TA" 
25'C 
3.0 
30 
20 
200 
20 
200 
nA 


TAMIN~TA~TAMAX 
70 
85 
500 
300 
nA 


Average 
Input 
Offset 
0.5 
nA/oe 


Current 
Drift 


Input 
Bias Current 
TA = 25'C 
30 
80 
80 
500 
80 
500 
nA 


TAMIN~TA~TAMAX 
0.210 
1.5 
0.8 
~A 


Input Resistance 
T A'" 
25 


QC. Vs = ±20V 
1.0 
6.0 
0.3 
2.0 
0.3 
2.0 
Mn 


TAMIN:STA~TAMAX. 
0.5 
Mn 


Vs '" ±20V 


Input 
Voltage 
Range 
TA"25'C 
±12 
±13 
V 


TAMIN:S 
TA:S TAMAX 
±12 
±13 
±12 
±13 
V 


Large 
Signal 
Voltage 
Gain 
TA"25°C.RL~2kn 


VS" 
±20V. VO" 
±15V 
50 
V/mV 


Vs = ±15V, 
Vo 
'" ±laV 
50 
200 
20 
200 
~mV 


TAMIN~TA~TAMAX. 


RL? 
2 kn. 


Vs = ±20V, Vo:;; ±15V 
32 
V/mV 


VS" 
±15V. VO" 
±10V 
25 
15 
V/mV 


Vs 
'" ±5V, 
Vo 
= ±2V 
10 
V/mV 


Output Voltage Swing 
VS" 
±20V 


RL?10kn 
±16 
V 


RL? 
2 kn 
±15 
V 


Vs'" 
±15V 


RL?10kn 
±12 
±14 
±12 
±14 
V 


RL? 
2 kn 
±lQ 
±13 
±1O 
±13 
V 


Output 
Short 
Circuit 
TA" 
25'C 
10 
25 
35 
25 
25 
mA 


Current 
TAMIN<TA~TAMAX 
10 
40 
mA 


Common·Mode 
TAMIN~TA:STAMAX 


Rejection 
Ratio 
RS~ 10 kn. VCM" 
±12V 
70 
90 
70 
90 
d8 


RS:S 50 kn. VCM " ., 2V 
80 
95 
d8 


w 
,.... 
Electrical 
Characteristics 
(Continued) 
~,.... 
:!: 
lM747A/lM747E 
lM747 
lM747C 


PARAMETER 
CONDITIONS 
UNITS 
..J 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
0 


Supply Voltage Rejection 
TAMIN STA 
STAMAX. 
Ratio 
Vs = ±20V to Vs = ±5V 
,.... 


RSS 50n 
86 
96 
d8 
~ 
RSS10kn 
77 
96 
77 
96 
d8 
,.... 
:!: 


Transient 
Response 
TA"" 
2SoC, 
Unity 
Gain 


..J 
Rise Time 
0.25 
0.8 
0.3 
0.3 
M' 
a 


Overshoot 
6.0 
20 
5 
5 
% 


Bandwidth (Note 4) 
TA=25°C 
0.437 
1.5 
MHz 
,.... 


Slew 
Rate 
TA = 25°C, Unity Gain 
0.3 
0.7 
0.5 
0.5 
VIM' 
~,.... 
Supply Current/Amp 
TA = 25°C 
2.5 
1.7 
2.8 
1.7 
2.8 
mA 
:!: 
Power Consumption/Amp 
TA=25°C 
..J 
Vs = ±20V 
80 
150 
mW 
t:: 
Vs = ±15V 
50 
85 
50 
85 
mW 


~ 
lM747A 
VS = ±20V 
,.... 
TA=TAMIN 
165 
mW 
:!: 
TA=TAMAX 
135 
mW 


..J 
lM747E 
Vs = ±20V 
150 
mW 


TA=TAMIN 
150 
mW 


TA = TAMAX 
150 
mW 


lM747 
Vs = ±15V 


TA=TAMIN 
60 
100 
mW 


TA = TAMAX 
45 
75 
mW 


Not8 
1: 
The maximum 
junction 
temperature 
of the LM747/LM747A 
is 150°C, 
while that of the LM747C/LM747E 
is 10noe. 
For operating at 
elevated 
temperatures, 
devices in the TO-5 
package must be derated 
based on a thermal 
resistance of 150°C/W, 
junction 
to ambient, 
or 45°C/W, 
junction 
to case. The thermal 
resistance of the dual-in-line 
package is loifclW. 
junction 
to ambient. 


Note 2: 
For supply voltages less than ±15V. 
the absolute 
maximum 
input voltage is equal to the supply voltage. 


Note 
3: 
These specifications 
apply 
for 
t5V 
S Vs S t20V 
and -£5°C:S; 
TA:S; 
125°C for 
the LM747A 
and O°C S TA 
S 70°C for the LM747E 


unless otherwise 
specified. 
The 
LM747 
and LM747C 
are specified 
for 
Vs = ±15V and -55°C.:s. T A::: 
125°C and O°C :::TA.:s 
70°C, respectively, 
unless otherwise 
specified. 


Note 4: 
Calculated 
value from: 
O.35/Rise Time (Msl. 


Input 
Bias and Offset 
Currents 
DC Parameters 
vs 
Common 
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Rejection 
vs Ambient 
Temperature 
Supply 
Voltage 
Ratio 
vs Frequency 
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Voltage 
Swing 
Output 
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Input 
vs Frequency 
vs Load 
Resistance 
Range vs Supply 
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Normalized 
DC Parameters 
Frequency 
Characteristics 
vs 
vs Ambient 
Temperature 
Transient 
Response 
Ambient 
Temperature 
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Frequency 
Characteristics 
vs 
Output 
Resistance 
vs 
Open 
Loop 
Transfer 
Supply 
Voltage 
Frequency 
Characteristics 
vs Frequency 
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lM747 SLEW 
RATE 


l~pJT 
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J~. 
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Order Number 
LM747AH. 
LM747H. 
LM747EH 
or LM747CH 
See NS Package Hl0C 


Order Number 
LM747AJ. 
LM747J. 
LM747EJ 
or LM747CJ 
See NS Package J14A 


Order Number 
LM747EN 
or LM747CN 
See NS Package N14A 


~ 
National 
Operational Amplifiers/Buffers 
~ 
Semiconductor 


LM7481LM748C Operational Amplifier 
General Description 
The 
LM748/LM748C 
is a general purpose opera- 
tional 
amplifier 
built 
on a single silicon chip_ The 


resUlting close match and tight 
thermal 
coupling 
gives low offsets and temperature 
drift 
as well as 


fast recovery from thermal transients. In addition, 
the device features: 


• 
Frequency 
compensation 
with 
a single 30 pF 
capacitor 


• 
Operation from ±5V to ±20V 


• 
Low current drain: 
1.8 mA at ±20V 


• 
Continuous 
short-circuit 
protection 


• 
Operation 
as a comparator 
with 
differential 
in- 
puts as high as ±30V 


Connection Diagrams 


Metal 
Can Package 


COMPENSATION 
/p. 


Inverting 
Amplifier 
with 
Balancing 
Circuit 


Rt 
R2 


tM.ybezltfoor.qu.lto 
pir.llllcombin.tionof 
R1 .nd R2 for minimum 
olb.t. 


• 
No 
latch-up 
when 
common 
mode 
range 
is 
exceeded. 


• 
Same pin configuration 
as the LM101. 


The unity-gain 
compensation 
specified makes the 


circuit 
stable for all feedback configurations, 
even 
with 
capacitive 
loads. However, 
it is possible to 


optimize 
compensation 
for 
best high frequency 


performance 
at any gain. As a comparator, 
the 


output can be clamped at any desired level to make 
it compatible with logic circuits. 


The 
LM748 
is specified 
for 
operation 
over the 


-55°C 
to +125°C military 
temperature range. The 
LM748C 
is specified for 
operation 
over the OOC 
to +70°C temperature 
range. 


TDPVIEW 


Order 
Number 
LM74BCN 
See NS Package NOBB 


Order 
Number 
LM748J 
or LM74BCJ 
See NS Package J08A 


Supply 
Voltage 
Power 
Dissipation 
(Note 
1) 
Differential 
Input Voltage 
Input Voltage (Note 2) 
Output 
Short-Circuit 
Duration 
(Note 3) 
Operating Temperature 
Range: 
LM748 
LM748C 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 10 see) 


±22V 
500mW 
±30V 
±15V 
Indefinite 
_55°C to +125°C 
O°C to +70°C 
_65°C to +150oC 
300°C 


Electrical 
Characteristics 
(Note 4) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
TA = 25°C, Rs~ 
10kn 
1.0 
5.0 
mV 


Input Offset Current 
TA = 25°C 
40 
200 
nA 


Input Bias Current 
TA = 25°C 
120 
500 
nA 


Input Resistance 
TA = 25°C 
300 
800 
kn 


Supply Current 
TA = 25°C, Vs = ±15V 
1.8 
2.8 
mA 


Large Signal Voltage Gain 
TA = 25°C, Vs = ±15V 


VOUT = ±10V, 
RL:::: 2 kn 
50 
160 
V/mV 


Input Offset Voltage 
Rs~ 
10 kn 
6.0 
mV 


Average Temperature 
Rs~50n 
3.0 
Ilvfc 
Coefficient 
of Input Offset 
Voltage 
Rs~ 
10 kn 
6.0 
Ilvfc 


Input Offset Current 
TA = O°C to 70°C 
300 
nA 
TA = -55°C 
to 125°C 
500 
nA 


Input Bias Current 
TA = O°Cto 
70°C 
0.8 
IlA 
TA = _55°C to 125°C 
1.5 
IlA 


Supply Current 
TA 
= +125°C, 
Vs = ±15V 
1.2 
2.25 
mA 
TA = _55°C to 125°C 
1.9 
3.3 
mA 


Large Signal Voltage Gain 
Vs = ±15V, VOUT = ±10V 


RL:::: 2 Kn 
25 
V/mV 


Output 
Voltage Swing 
Vs = ±15V, 
RL = lOn 
±12 
±14 
V 
RL=2kn 
±10 
±13 
V 


Input Voltage Range 
VS=±15V 
±12 
V 


Common Mode Rejection 
Ratio 
RS~ 
10 kn 
70 
90 
dB 


Supply Voltage Rejection Ratio 
Rs< 10 kn 
77 
90 
dB 


Note 
1: 
For 
operating 
at elevated 
temperatures 
the 
devices 
must 
be 
derated 
based 
on 
a maximum 
junction 
to 
case 
thermal 


resistance of 4SoC 
per watt, or 150°C 
per watt junction to ambient. 
(See Curves). 


Note 2: 
For supply voltages lessthan ± 15V, the absolute maximum 
input voltage is equal to the supply voltage. 


Note 3: 
Continuous 
short circuit 
is allowed 
for case temperatures 
to +12SoC 
and ambient 
temperatures 
to +70°C. 


Note 
4: 
These 
specifications 
apply 
for 
±5V 
~ Vs ~ 
+15V 
and -55°C 
S T A $. 12SoC, 
unless otherwise 
specified. 
With 
the 
LM748C, 
however, 
all temperature 
specifications 
are limited 
to O°C S T A S 70°C. 
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Typical Performance Characteristics 
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Current 
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lM1558/lM1458 Dual Operational Amplifier 


The LM1558 
and the LM1458 
are general purpose 
dual 
operational 
amplifiers. 
The 
two 
amplifiers 


share a common 
bias network 
and power supply 
leads. 
Otherwise, 
their 
operation 
is completely 
independent. Features include: 
• 
No latch up when input common mode range is 
exceeded 


The 
LM 1458 
is identical 
to the 
LM 1558 
except 
that the LM1458 
has its specifications 
guaranteed 
over 
the 
temperature 
range from 
O°C to 
70°C 
instead of 
-55°C 
to 
+125°C. 
• 
Wide 
common-mode 
and 
differential 
voltage 
ranges 


Order Number 
LM1558H 
or LM1458H 
See NS Package HOSC 


Order Number 
LM1558J 
or LM1458J 


See NS Package J08A 


Absolute 
Maximum 
Ratings 


Supply 
Voltage 
LM 1558 
±22V 
Output Short-Circuit Duration 
Indefinite 


LM1458 
±18V 
Operating Temperature Range LM 1558 
_55° C to 125°C 
Power Dissipation (Note 1) lM1558H/LM1458H 
500 mW 
LM1458 
aOc to lOoe 


LM1458N 
400 mW 
Storage 
Temperature 
Range 
_65°C to 150°C 
Differential 
Input Voltage 
±30V 
Lead Temperature 
(Soldering, 10 seel 
300°C 


Input Voltage (Note 2) 
±15V 


Electrical 
Characteristics 
(Note 
31 


PARAMETER 
CONOITIONS 
LM1558 
LM1458 
UNITS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


Input Offset Voltage 
TA = 25°C. Rs <:: 10 kO 
1.0 
5.0 
1.0 
60 
mV 


Input Offset Current 
TA 
= 2SoC 
80 
200 
80 
200 
nA 


Input Bias Current 
TA 
= 2SoC 
200 
500 
200 
500 
nA 


Input 
Resistance 
TA = 25°C 
0.3 
1.0 
0.3 
1.0 
MO 


Supply Current Both 
TA = 2SoC. Vs = ±15V 
3.0 
5.0 
3.0 
5.6 
mA 


Amplifiers 


Large Signal Voltage Gain 
TA = 2SoC. Vs = ±15V 


VOUT 
= ±lOV, 
RL ~ 2 kn 
50 
160 
20 
160 
V/mV 


Input Offset Voltage 
Rs<::10kO 
6.0 
7.5 
mV 


Input Offset Current 
500 
300 
nA 


Input 
Bias Current 
1.5 
0.8 
pA 


Large Signal Voltage Gain 
Vs = ±15V, VOUT = ±laV 
RL::>: 
2 kO 
25 
15 
V/mV 


Output 
Voltage Swing 
Vs = ±15V. 
RL = 10 kO 
±12 
±14 
±12 
±14 
V 


RL = 2 kO 
±10 
±13 
±10 
±13 
V 


Input Voltage Range 
Vs=±15V 
±12 
±12 
V 


Common Mode 
Rs<::10kO 
70 
90 
70 
90 
dB 
Rejection Ratio 


Supply Voltage 
Rs <:: 10 kO 
77 
96 
77 
96 
d8 
Rejection Ratio 


Note 1: The maximum 
junction 
temperature 
of the LM1558 
is 150°C. while that of the LM1458 is l00"C. 
For operating at 


elevated temperatures, 
devices in the TO-S package must be derated based on a thermal 
resistance of lS0°C/W, 
junction 
to 
ambient 
or 45"C/W. 
junction 
to case. For the DIP the device must be derated based on a thermal resistance of 187°C/W, 
junction 
to ambient. 


Note 2: 
For supply voltag8sless than !15V, 
the absolute maximum 
input voltage is equal to the supply voltage. 


Note 3: 
These specifications 
apply for Vs 
= ! 15V and _55°C S TA S 125°C, unless otherwise specified. With the LM1458. 
however, all specifications are limited to O°C ~ T A S 70°C and Vs 
= !15V 


LM2900/LM3900, LM3301, LM3401 Quad Amplifiers 


General Description 
Features 


The LM2900 
series consists of four 
independent, 
dual 
input, internally 
compensated amplifiers which were de- 
signed specifically to operate off of a single power supply 
voltage 
and to 
provide 
a large output 
voltage swing. 
These amplifiers 
make use of a current mirror to achieve 
the non-inverting 
input 
function_ Application 
areas in- 
clude: 
ac amplifiers, 
RC active filters, 
low frequency 
triangle, 
squarewave 
and 
pulse 
waveform 
generation 
circuits, tachometers and low speed, high voltage digital 
logic gates_ 


• 
Wide single supply voltage 
4 V DC to 36 V DC 
range or dual supplies 
±2 VDC to ±18 V-;,c 


• 
Supply current 
drain independent 
of supply volt ,ge 


• 
Low input biasing current 
30 nA 


• 
High open-loop gain 
70 dB 


• 
Wide bandwidth 
2_5 MHz (Unity 
Gain) 


• 
Large output voltage swing 
(V+ -1) 
Vp-p 


• 
Internally 
frequency 
compensated for unity 
gain 


• 
Output 
short-circuit 
protection 


OrderNumberLM2900J 
SeeNS PackageJ 14A 
Order Number 
LM2900N, 


LM3900N, 
LM3301 N 
or LM3401N 
See NS Package N14A 


v· 


Vooc"z 


"' 
Ay 
-iiI 


]1" 
~r' 


Absolute Maximum Ratings 


LM2900/LM3900 
LM3301 
LM3401 


Supply 
Voltage 
32 Voe 
28 Voe 
18Voe 


±16 Voe 
±14Voe 
±9 Voe 
Power Dissipation 
(T A:; 
2SoC) (Note 1) 


Cavity DIP 
900 mW 


Flat 
Pack 
800 mW 
MoldedOIP 
570 mW 
570 mW 
570 mW 


Input 
Currents. 
II N+ or llN- 
20 mAoe 
20 mAoe 
20 mAoe 
Output 
Short-Circuit 
Duration 
- One Amplifier 
Continuous 
Continuous 
Continuous 


T A = 2SoC 
(See Application 
Hints) 
Operating 
Temperature 
Range 
-40°C 
to +85°C 
aOc to +7SoC 


LM2900 
-40°C 
to +8SoC 


LM3900 
aOc to +70°C 
Storage 
Temperature 
Range 
-6SoC 
to +150°C 
-6SoC 
to +150°C 
-6SoC 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300"e 
300"e 
300"e 


Electrical Characteristics 
(Note 6) 


LM2900 
LM3900 
LM3301 
LM3401 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Open Loop 


Voltage Gain 
800 


Voltage Gain 
TA = 25°C, f = 100 Hz 
1.2 
2.8 
1.2 
2.8 
1.2 
2.8 
1.2 
2.8 


Input 
Resistance 
TA = 25°C, Inverting Input 
1 
1 
1 
0.1 
1 


Output Resistance 
8 
8 
8 
8 


Unity Gain Bandwidth 
TA = 25°C, Inverting Input 
2.5 
2.5 
2.5 
2.5 


Input Bias Current 
TA = 25°C, Inverting Input 
30 
200 
30 
200 
30 
300 
30 
300 


Inverting Input 
500 


Slew Rate 
TA = 25°C, Positive Output Swing 
0.5 
0.5 
0.5 
0.5 


TA = 25°C, Negative Output Swing 
20 
20 
20 
20 


Supply Current 
TA = 25°C, RL = 00 On All Amplifiers 
6.2 
10 
6.2 
10 
6.2 
10 
6.2 
10 


Output Voltage Swing 
TA = 25°C, RL = 2k, VCC = 15.0 VDC 


VOUT High 
IIN- = 0, IIN + =0 
13.5 
13.5 
13.5 
13.5 


VOUT Low 
IIN- = lOJJA, IIN + =0 
0.09 
0.2 
0.09 
0.2 
0.09 
0.2 
0.09 
0.2 


VOUT High 
IIN- = 0, IIN + =ORL=oo, 
29.5 
29.5 
25.5 
15.5 


V CC = Absolute Maximum Ratings 


Output Current Capability 
TA=25°C 


Source 
6 
18 
6 
10 
5 
18 
5 
10 


Sink 
(Note 2) 
0.5 
1.3 
0.5 
1.3 
0.5 
1.3 
0.5 
1.3 


ISINK 
VOL = lV, tiN = 5JJA 
5 
5 
5 
5 
iiU»&Wl 
'lO&&Wl 'o06&WllO 


Electrical Characteristics 
(Continued) 
(Note 6) 


lM2900 
lM3900 
lM3301 
lM3401 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Power Supply Rejection 
TA = 25°C. f = 100 Hz 
70 
70 
70 
70 
dB 


Mirror 
Gain 
@ 20/lA (Note 31 
0.90 
1.0 
1.1 
0.90 
1.0 
1.1 
0.90 
1 
1.10 
0.90 
1 
1.10 
/lA//lA 


@ 200/lA (Note 3) 
0.90 
1.0 
1.1 
0.90 
1.0 
1.1 
0.90 
1 
1.10 
0.90 
1 
1.10 
/lA//lA 


lIMirror 
Gain 
@ 20/lA To 200/lA (Note 3) 
2 
5 
2 
5 
2 
5 
2 
5 
% 


Mirror 
Current 
(Note 41 
10 
500 
10 
500 
10 
500 
10 
500 
/lADC 


Negative Input Current 
TA = 25°C (Note 5) 
1.0 
1.0 
1.0 
1.0 
mADC 


Input Bias Current 
Inverting Input 
300 
300 
nA 


Note 1: 
For operating 
at high temperatures, 
the device must be derated based on a 12SoC maximum 
junction 
temperature 
and a thermal 
resistance of 17SoC/W which applies for the device soldered in a printed 
circuit 
board, operating 
in a still air ambient. 


Note 2: 
The output 
current sink capability 
can be increased for large signal conditions 
by overdriving 
the inverting 
input. This is shown in the section on Typical 
Characteristics. 


Note 3: 
This spec indicates the current 
gain of the current mirror 
which is used as the non·inverting 
input. 


Note 4: 
Input VSE match between the non-inverting 
and the inverting 
inputs occurs for a mirror 
current 
(non-inverting 
input currentl 
of approximately 
101JA. This is therefore 
a typical 
design center for many of 
the application 
circuits. 


Note 5: 
Clamp transistors 
are included 
on the IC to prevent the input 
voltages from 
swinging below 
ground 
more than approximately 
-0.3 
VDS' 
The negative input currents which may result from 
large signal 
overdrive 
with 
capacitance 
input 
coupling 
need to be externally 
limited 
to values of approximately 
1 mA. 
Negative input 
currents 
in excess of 4 mA will cause the output 
voltage to drop to a low voltage. This 
maximum 
current 
applies to anyone 
of the input 
terminals. 
If more than one of the input terminals 
are simultaneouslv 
driven negative smaller maximum 
currents are allowed. 
Common-mode 
current biasing can 
be used to prevent negative input voltages; see for example, the "Differentiator 
Circuit" 
in the applications 
section. 


Note 6: 
These specs apply for -5SoC S TA S +12S 


oC, unless otherwise stated. 


Typical Performance Characteristics 


Open Loop Gain 
Voltage 
Gain 
Voltage 
Gain 


100 
100 
100 
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1 
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5 
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3D 
-55 
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95 
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f - FREQUENCY 
(Hz) 
y. 
- SUPPl 
Y VOLTAGE 
{Yocl 
fA 
- 
TEMPERATURE 
(Oel 


Large Signal 
Frequency 


Input Current 
Supply 
Current 
Response 
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-55 
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5 
35 
65 
95 
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0 
5 
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15 
20 
15 
3D 
100 
1k 
10k 
tOOk 
1M 
10M 


TA 
- 
TEMPERATURE 
(OCI 
y+ -SUPPLY 
VOLTAGE 
(Vocl 
f - 
FREQUENCY 
(Hz) 


Output Sink Current 
Output 
Class·A 
Bias Current 
Output 
Source Current 


50 
5 
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0 
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3D 
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5 
10 
15 
20 
25 
3D 
0 
5 
10 
15 
20 
25 
3D 


y+ - 
SUPPLY 
VOL lAGE 
(Voc) 
y. 
- SUPPl 
Y VOLTAGE 
(Vocl 
v+ -SUPPLY 
VOLTAGE 
(Yocl 


Supply 
Rejection 
Mirror 
Gain 
Maximum 
Mirror 
Current 


100 
1.16 
20 
~ 
AI=~ 
m 
10 
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< 
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95 
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f - 
FREOUENCY 
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- 
TEMPERATURE 
(OCI 
TA 
- 
TEMPERATURE 
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Input 
lead 
to 
limit 
the 
peak 
input 
current. 
Currents 
as 


large 
as 
20 
mA 
will 
not 
damage 
the 
device. 
but 
the 
current 
mirror 
on 
the 
non·inverting 
input 
will saturate 


and 
cause 
a loss 
of 
mirror 
gain 
at 
mA 
current 
levels- 
especially 
at high 
operating 
temperatures. 


Precautions 
should 
be 
taken 
to 
insure 
that 
the 
power 


supply 
for the 
integrated 
circuit 
never 
becomes 
reversed 
in polarity 
or that 
the 
unit 
is not 
inadvertently 
installed 
backwards 
in a test 
socket 
as an unlimited 
current 
surge 


through 
the 
resulting 
forward 
diode 
within 
the 
IC could 


cause 
fuzing 
of 
the 
internal 
conductors 
and 
result 
in a 
destroyed 
unit. 


Output 
short 
circuits 
either 
to ground 
or to the 
positive 
power 
supply 
should 
be 
of 
short 
time 
duration. 
Units 
can 
be 
destroyed. 
not 
as 
a result 
of 
the 
short 
circuit 


current 
causing 
metal 
fuzing. 
but 
rather 
due to the 
large 
increase 
in IC chip 
dissipation 
which 
will cause 
eventual 


failure 
due 
to 
excessive 
junction 
temperatures. 
For 


example. 
when 
operating 
from 
a well-regulated 
+5 V DC 


power 
supply 
at 
T A 
= 25°C 
with 
a 
100 
kn 
shunt- 
feedback 
resistor 
(from 
the 
output 
to 
the 
inverting 
input) 
a short 
directly 
to the power 
supply 
will not 
cause 


catastrophic 
failure 
but 
the 
current 
magnitude 
will 
be 


approximately 
50 mA and the junction 
temperature 
will 


be above 
TJ 
max. 
Larger 
feedback 
resistors 
will 
reduce 


the 
current. 
11 Mn 
provides 
approximately 
30 mA. 
an 


open 
circuit 
provides 
1.3 
mA, 
and 
a direct 
connection 


from 
the 
output 
to the 
non-inverting 
input 
will result 
in 


catastrophic 
failure 
when 
the 
output 
is shorted 
to 
V+ 
as this 
then 
places 
the 
base-emitter 
junction 
of the 
input 


transistor 
directly 
across 
the power 
supply. 
Short-circuits 
to ground 
will have magnitudes 
of approximately 
30 mA 


and 
will 
not 
cause 
catastrophic 
failure 
at T A 
= 25°C. 


.,.~. 
~"'::t IIIt-'ul 
\..(111t..:du~e OSCillatIOns. 
I his is likely 


only 
in breadboard 
hook·ups 
with 
long component 
leads 


and 
can 
be prevented 
by a more 
careful 
lead dress 
or by 


locating 
the 
non-inverting 
input 
biasing 
resistor 
close 
to 


the 
IC. A quick 
check 
of this 
condition 
is to bypass 
the 


non-inverting 
input 
to 
ground 
with 
a capacitor. 
High 
impedance 
biasing 
resistors 
used 
in 
the 
non-inverting 
input 
circuit 
make 
this 
input 
lead 
highly 
susceptible 
to 


unintentional 
ac signal 
pickup. 


Operation 
of 
this 
ampl ifier 
can 
be 
best 
understood 
by 


noticing 
that 
input 
currents 
are 
differenced 
at 
the 


inverting-input 
terminal 
and 
this 
difference 
current 
then 
flows 
through 
the 
external 
feedback 
resistor 
to produce 


the 
output 
voltage. 
Common-mode 
current 
biasing 
is 


generally 
useful 
to allow 
operating 
with 
signal 
levels near 


ground 
or 
even 
negative 
as 
this 
maintains 
the 
inputs 


biased 
at 
+VSE. 
Internal 
clamp 
transistors 
(see note 
5) 


catch 
negative 
input 
voltages 
at approximately 
-0.3 
V DC 


but 
the 
magnitude 
of current 
flow 
has to 
be limited 
by 


the 
external 
input 
network. 
For 
operation 
at 
high 
temperature. 
this 
limit 
should 
be approximately 
1001lA. 


This 
new "Norton" 
current-differencing 
amplifier 
can be 


used 
in 
most 
of 
the 
applications 
of 
a standard 
IC op 
amp. 
Performance 
as a de 
amplifier 
using 
only 
a single 
supply 
is 
not 
as 
precise 
as 
a 
standard 
IC 
op 
amp 


operating 
with 
split 
supplies 
but 
is adequate 
in many 


less critical 
applications. 
New functions 
are made 
possible 
with 
this 
amplifier 
which 
are 
useful 
in 
single 
power 
supply 
systems. 
For 
example, 
biasing 
can 
be 
designed 
separately 
from 
the 
ac 
gain 
as 
was 
shown 
in 
the 


"inverting 
amplifier." 
the 
"difference 
integrator" 
allows 


controlling 
the 
charging 
and 
the 
discharging 
of 
the 


integrating 
capacitor 
both 
with 
positive 
voltages, 
and 


the 
"frequency 
doubling 
tachometer" 
provides 
a simple 


circuit 
which 
reduces 
the 
ripple 
voltage 
on a tachometer 
output 
de voltage. 


§ 
Typical Applications 
(Continued) 
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Semiconductor 


LM4250/LM4250C Programmable Operational Amplifier 


General 
Description 


The 
LM4250 
and 
LM4250C 
are extremely 
versatile 


programmable 
monolithic 
operational 
amplifiers. 


A single external 
master 
bias current 
setting 
resistor 


programs 
the 
input 
bias 
current, 
input 
offset 
cur- 


rent, 
quiescent 
power 
consumption, 
slew 
rate, 


input 
noise, 
and 
the 
gain-bandwidth 
product. 
The 
device 
is a truly 
general 
purpose 
operational 


amplifier. 


• 
±lV 
to ±18V 
power 
supply 
operation 


• 
3 nA input 
offset 
current 


• 
Standby 
power 
consumption 
as low as 500 
nW 


• 
No frequency 
compensation 
required 


• 
Programmable 
electrical 
characteristics 


• 
Offset 
Voltage 
nulling 
capability 


• 
Can 
be 
powered 
by 
two 
flashlight 
batteries 


• 
Short 
circuit 
protection 


The 
LM4250C 
is identical 
to the 
LM4250 
except 
that 
the 
LM4250C 
has its performance 
guaranteed 
over 
a O°C to 
70°C 
temperature 
range 
instead 
of 
the 
-55°C 
to 
+125°C 
temperature 
range 
of 
the 
LM4250. 
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Order 
Number 
LM4250CN 
See NS Package N08B 


Order 
Number 
LM4250J 
or LM4250CJ 
See NS Package JOBA 


Supply Voltage 
Power Dissipation (Note 1) 
Differential 
Input Voltage 


Input Voltage (Note 2) 
ISET Current 


Vos 


'os 
'b~ 
Large Signal Voltage Gain 


Supply Current 


Power Consumption 


Vos 


'os 


Common Mode Rejection Ratio 


Supply Voltage Rejection Ratio 


Supply Current 


Power Consumption 


Vos 


'os 


Ib•s 


Large Signal Voltage Gain 


Supply Current 


Power Consumption 


Vos 


'os 


Common Mode Rejection Ratio 


Supply Voltage Rejection Ratio 


Supply Current 


Power Consumption 


±18V 


SOOmW 


±30V 
±15V 


lS0"A 


Output Short·Circuit 
Duration 
Operating Temperature 
Range 
LM4250 


lM4250C 
Storage Temperature 
Range 


Lead Temperature 
(Soldering,10 see) 


Indefinite 


-SS"C';; 
T A';; 12S"C 


O°C~TA 
~ 70°C 


_65°C to 150°C 


300"C 


VS:±1.5V 


ISET· 1 p.A 
ISET· 10 iJA 


MIN 
MAX 
M'N 
MAX 


3mV 
SmV 


3 nA 
10 nA 


7.5 nA 
SO nA 


40k 


SOk 


7.5iJA 
80"A 


23p.W 
240"W 


4mV 
6mV 


5 nA 
10 nA 


3 nA 
10 nA 


7.5 nA 
SO nA 


to.6V 
±0.6V 


JOk 


JOk 


±0.6V 


±0.6V 


70dB 
70 d8 


76 dB 
76 d8 


8"A 
90 "A 


24iJW 
270iJW 


VS" ±lSV 


ISET· 1 iJA 
ISET·10p.A 


MIN 
MAX 
MIN 
MAX 


3mV 
SmV 


3 nA 
10 nA 


7.5 nA 
SO nA 


lOOk 


lOOk 


10p.A 
90 "A 


300p.W 
2.7mW 


4mV 
6mV 


25 nA 
25 nA 


3 nA 
10 nA 


7.5 nA 
SO nA 


±13.5V 
±13.5V 


SOk 


SOk 


±12V 


±12V 


70 d8 
70 dB 


76 dB 
76d8 


lliJA 
l00iJA 


330IJ.W 
3mW 


Note 1: The maximum junction 
temperature of the LM4250 
is 150°C, 
while that of the LM4250C 
is 100°C. 
For operating 


at elevated temperatures, devices in the TO-S 
package must be derated based on a thermal resistance of lS0°C/W 
junction 
to 
ambient, or 4SoC/W 
junction 
to case.The thermal resistance of the dual·in·line package is 12SoCIW. 


Note 2: 
For supply voltages lessthan ±lSV, 
the absolute maximum input voltage is equal to the supply voltage. 


TA:: 25° 
Rs ~ 100 kn 


TA:: 25° 


TA:: 25° 


TA::25° 
RL= 
l00kn 


Va:: 
to.6, RL 
'" 10 kn 


TA:: 
25°C 


T A '" 2~oC 


As';; 
100 kn 


TA'" 
125°C 


TA:: 
_55°C 


Vo 
:= ± 0.5V, RL := 100 kn 


RL:: 
10 kn 


RL:= 
100 kn 


RL"'10kn 


Rs~10kn 


Rs~ 
10 kn 


TA 
= 25°C 
Rs ~ 100 kn 


TA:= 
25°C 


T A 
= 25°C 


TA "'25°C 
RL= 
l00kn 


Va=±10V 
RL"'10kn 


TA'" 
25°C 


TA:: 
25°C 


As~ 
l00kn 


'TA:: 125°C 


TA 
'" _55°C 


Va'" ±10V RL:: 
100 kn 


RL "10kn 


RL "'l00kn 


RL "10k!} 


Rs:5': 
10kn 


As~ 
10kn 


Electrical Characteristics 
LM4250C 
(O°C 
:<=::; T A 
:<=::; 70°C 
unless 
otherwise 
specified) 


Vs· 
±1.5V 


PARAMETERS 
CONDITIONS 
ISET 
K 1 lJA 
'SET" 
10p.A 


MIN 
MAX 
MIN 
MAX 


Vas 
T A 
'" 2S"C 
As ~ 
100 kn 
5mV 
6mV 


'as 
TA 
'" 25°C 
6 nA 
20 nA 


Ib••1 
TA 
'" 2S"C 
10 nA 
75 nA 


Large Signal Voltage 
Gain 
TA 
'" 2S"C 
RL -lOOk!} 
25k 


Vo '":to.6V 
AL. '" 10 kn 
25k 


Supply 
Current 
T" '"2S"C 
B"A 
90 "A 


Power Consumption 
TA" 
2S"C 
24"W 
270"W 


Vas 
Rs":; 10k{) 
6.5mV 
7.5mV 


'as 
B nA 
25 nA 
'.- 


10 nA 
SO nA 


Input 
Voltage 
Range 
to.6V 
±O.6V 


Large Signal Voltage 
f)ain 
Vo 
= ± O.SV, RL '" 100 
k111 
25k 


AL 
z: 10 kfl 
25k 


Output 
Voltage 
Swing 
RL'" 
100 kn 
to.6V 


RL'" 
10 kn 
to.6V 


Common 
Mode 
Rejection 
Ratio 
Rs":;10kil 
70 dB 
70 dB 


Supply 
Voltage 
Rejection 
Ratio 
Rs $: 10 kfl 
74 dB 
74 dB 


Supply 
Current 
B"A 
90uA 


Power Consumption 
241J,W 
270 uW 


Vs· 
±15V 


PARAMETERS 
CONDITIONS 
ISET" 
1 p.A 
ISET·1OIJ.A 


MIN 
MAX 
MIN 
MAX 


Vas 
T A '" 25"C 
Rs ~ 
100 kn 
5mV 
BmV 


'as 
TA" 
25°C 
BnA 
20 nA 
1.- 
TA 
= 2S"C 
10 nA 
75 nA 


L.rge 
Signal Voltage 
Gain 
TA"'2S"C 
RL= 
l00kn 
60k 


Vo·±10VRL", 
10kn 
60k 


Supply 
Current 
TA" 
25°C 
11 J.lA 
1OOJ.lA 


Power Consumption 
Tp, = 25°C 
330J.lW 
3mW 


Vas 
Rs:5::10kn 
6.5mV 
7.5mV 


'as 
B nA 
25 nA 
'.- 


10 nA 
BOnA 


Input 
Voltage 
Range 
1:13.5V 
1:13.5V 


Large Signal Voltage 
Gain 
Vo• 
:t10V 
RL ,. 100 kn 
50k 


RL""lOkO 
50k 


Output 
Voltage 
Swing 
RL = 100 kG 
t12V 


RL" 
10 kG 
t12V 


Common 
Mode 
Rejection 
Ratio 
Rs":;10kil 
70dB 
70 dB 


Supply 
Voltage 
Rejection 
Ratio 
Rs":; 10kil 
74 dB 
74 dB 


Supply 
Current 
11 uA 
100uA 


Power Consumption 
300 
uW 
3mW 


Resistor Biasing 


Set 
Current 
Setting 
Resistor 
to v- 


ISET 


Vs 
O.lJ.lA 
0.5"A 
1.0J.lA 
5"A 
10J.lA 


t1.5V 
25.6 Mil 
5.04 Mil 
2.5 Mil 
492 kil 
244 kil 


t3.0V 
55.6 Mil 
11.0 Mil 
5.5 Mil 
1.09 Mil 
544 kn 


±6.0V 
116Mn 
23.0 Mil 
11.5Mn 
2.29 Mil 
1.14Mn 


±9.0V 
176MG 
35.0 Mil 
17.5 Mil 
3.49 Mil 
1.74Mn 


±12.0V 
236 Mil 
47.0Mn 
23.5 Mil 
4.69 Mil 
2.34 Mil 


t15.0V 
296 Mil 
59.0 Mil 
29.5 Mil 
5.B9 Mil 
2.94 Mil 


- 
Input 
Bias Current 
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III 
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III 
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Vs"'t.15V 
..J 
~ 
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Offset 
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-12 l-I- 
-16 l- 
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.1 


~ 
•• 
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~"..... 
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fA'"' 25°t 


1 jJA:S;: ISETS:: 10JolA 


Rl'" 10 Kn 
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%4 
±6 
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:1:10 112 114 it6 


SUPf'LY VOLTAGE 
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-20 
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0 


10 


100 
-60 


I I I 


Vs" :tt.5V 
I 
r""'1- 


Unnulled 
Input 
Offset 
Voltage 
Change vs Temperature 
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1000 
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800 


=: 
600 


.} 
400 


'" 
200 
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-200 


~ 
-400 


~ 
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:l -100 
1-1000 
:l 
-60 
-20 
20 
60 
100 
'40 


TEMPERATURE 
lOCI 


70 


60 


40 
;; 
50 
.3 
.!' 


30 


20 


10 


0 


-60 


Slew Rate vs ISET 


10 
1M 


TA 
•• 25"C 
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-; 
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kn 
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~ 
g 
tOOk 
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Vs":t15V 
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II: 
... 
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.01 
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.001 
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I I 
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Ill"'" 
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~ 
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V 
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140 


TEMPERATURE 
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TA "ZS"C 
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III 
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IT 
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, 
, 
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TEMPERATURE 
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Peak to Peak 
Output 
Voltage 


Swing 
YS Load Resistance 


32 
Vo','SV 
HT 
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2SoC...j...j..g 


~ 


ISET"0" 
.,.,. 


24 
ISET 
•• 'IJA Tr 
-T- 


zo 
~ 
ISET"'l/JA 


16 t:S'" ±1.5V t 
I 
SET 


•• 10 p.A 
121- 
l- 
I- 
I- 


81-- 
- 
I- 
- 
41-- 
- 
I- 
- 
o c- 
_ 


1k 
10k 


Quiescent 
Current 
tlq) 
VS .SET 


TA" 
25°C 


;; 
.3 


: 
10 


.1 
1 
10 


ISH ~Al 


Open loop 
Voltage 
Gain 


YO 'SET 
10' 


~~ 
10' 
Vs'"±15V. 
Vo:: t10V 
z~~"~ 
10" 
Vs" :l1.5V.Vo" 
!:O.6V 
z~ 


co 


loA 


.1 
'.0 
10 
100 


ISET~AI 


~~ 
•... 1.0 
z 


'"'":> 
u 
w~ 
•... 
:>~ 
z 


100 
10 


84i 


72 


60 
z 
O. 
~ 
'" 
36 


'"~ 
~ 


ZO 


12 


0 


.1 


,,~- 


l-'.,F~ 


Quimtnl 
Po " 1.8 p.W 


-Meter 
movement 
(O - 100 p.A, 2 kn) marked 
for 0 -100 nAtull 
SC4Ile. 


Floating 
Input 
Meter 
Amplifier 


100 Nano-Ampere 
Full Scale 


Transistor 
Current 
Source 
Biasing 


·R1 limits ISET maximum 


100 
~ 
0; 
z 
10 
C>~ 
< 
C>..• 
~ 
~ 
~ 


10M 


§: 
;,. 
1M 
.9,; 


lOOK 


10K 


.01 


Note 1: Quiesc:ent Po '" lDJ,'W. 
Note 2: A2, RJ, R4, RS, R6, .nd R7 are 1% resi,tol5. 


Note 3; Rl"Ad 
Cl are fot DC.nd 
At common 
mode 


rejectionadju$lments. 


~National 
~ 
Semiconductor 
LM13080 Programmable Power Op Amp 
General Description 
The 
LM 13080 
is an internally 
compensated 
medium 


power 
operational 
amplifier 
designed for 
use in those 


applications 
requiring 
load currents of several hundred 
milliamperes. 
This 
amplifier 
has the added advantage 


of having an input 
stage programmed with 
an external 


resistor. 
The 
user is able to 
optimize 
the 
amplifier 


performance 
for 
each individual 
application 
with 
this 


feature. 
Applications 
include 
servo 
amplifiers 
and 


drivers, 
high 
input 
impedance 
audio 
amplifiers, 
OC- 
to-DC 
converters, 
precision 
power 
comparators 
which 


can 
either 
sink 
or 
source current 
and motor 
speed 


controls. 


The 
LM13080 
may 
be powered 
from 
either single or 


dual 
power 
supplies, 
and will 
operate 
from 
as little 
as 3V. 


As 
a power 
operational 
amplifier, 
the 
LM13080 
is 
capable 
of 
delivering 
0.25A 
to 
a load. 
This 
feature 
allows the system designer to fulfill 
his medium power 
circuit 
requirements 
without 
having 
to 
add external 


Operational Amplifiersl Buffers 


current 
boost transistors to the output 
of a standard 


operational amplifier. 


By selecting the proper 
input 
stage bias resistor 
it is 


possible to 
tailor 
the 
performance 
of 
the 
input 
stage 


to meet the needs of any particular 
system. Trade-offs 


between 
input 
offset 
voltage, 
input 
bias current 
and 


gain bandwidth are easily made. 


An 
unusual feature 
of 
the 
LM13080 
is an electronic 
shut-down capabilitY. 


Features 


• 
High output current-250 
mA 


• 
Externally 
programmable input stage 


• 
Low power supply operation-3V 


• 
Electronic shUt-down capabilitY 


• 
Internally 
compensated for unity gain 


• 
Low input bias current 


-INPUT 
NC 


fJUTPUT BIAS 
2 
INPUT 
BIAS 
(RSETI 


+INPUT 
v' 


GNO 
4 
OUTPUT 


Order Number 
LM13080N 
See NS Package 
N08A 
o 
o 


OUT 
v+ 
IN 
He 
-IN 
GNO* 
OUT 
+IN 
He 
SIGNAL 
PWR 


BIAS 
BIAS 
GND 
GND 


1RSET) 


TOP VIEW 


*Pin 6 can be connected 
to pin 10, if not, 
pin 6 must 


be left with no connection. 


Order Number 
LM13080P 
See NS Package 
P11A 


3V to 15V or 


±1.5V 
to ±7.5V 


Input Voltage 
Range, (Note 3) 
-0.3V 
to +15V 
Input Current 
(VIN::::: -0.3V), 
(Note 4) 
20 mA 
Operating Temperature 
Range 
O°C to +70°C 
Storage Temperature 
Range 
--B5°C to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Power Dissipation, 
(Note 1) 


Molded Dual-In-Line 
Package(LM13080N) 
1000 mW 


Molded Single-In-Line 
Package (LM13080P) 
1900 mW 
Differential 
Input Voltage, 
(Note 2) 
15V 
Electrical Characteristics 
(VS = 12V, RSET = 680k, unless otherwise specified) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
T A = 25°C, (Note 5) 
±3 
±7 
mV 


Input Bias Current 
IIN(+) 
or IIN(-), 
TA = 25°C 
100 
400 
nA 


Input Offset Current 
IIN(+) 
- 
IIN(-), 
T A = 25°C 
±30 
±75 
nA 


Supply Current 
RL = 00, TA = 25°C, (Note 6) 
3 
6 
mA 


Output 
Voltage Swing 
Vs = ±6V, TA = 25°C, (Note 1) 


VOH 
RL = 50.\1 
4.5 
5 
V 


RL = 8.\1 
2 
V 


VOL 
RL = 50.\1 
-5 
-4.5 
V 


RL = 8.\1 
-2 
V 


Large Signal Voltage Gain 
Vs = ±6V, RL = 50.\1, f = 100 Hz, 
3 
10 
V/mV 


TA = 25°C 


Input Common-Mode 
Voltage 
VS::::: 15V, TA = 25°C, (Note 3) 
1 
VS-l.5 
V 


Range 


Input Offset Voltage 
(Note 5) 
±10 
mV 


Input Offset Voltage Drift 
5 
!lVrC 


Input Bias Current 
IIN(+) 
or IIN(-) 
600 
nA 


Input Offset Current 
IIN(+) 
- 
IIN(-) 
±150 
nA 


Input Offset Current Drift 
50 
pAtC 


Supply Current 
RL = 00, (Note 6) 
8 
mA 


Output 
Voltage Swing 
Vs = ±6V, (Note 1) 


VOH 
RL = 50.\1 
4 
V 


RL = 8.\1 
1.6 
V 


VOL 
RL = 50.\1 
-4 
V 


RL = 8.\1 
-1.6 
V 


Large Signal Voltage Gain 
Vs = ±6V, RL = 50.\1, f = 100 Hz 
1 
V/mV 


Input Common-Mode 
Voltage 
VS::::: 15V, (Note 3) 
1.25 
VS-1.75 
V 


Range 


Common-Mode 
Rejection Ratio 
63 
85 
dB 
., 


Total Harmonic Distortion 
RL = 8.\1, Vo = 2 Vrms, 
0.5 
5 
% 


f = 1 kHz 


Note 
1: 
For operation 
at high temperatures, 
the LM13080 
must be derated based upon a maximum 
junction 
temperature 
of 150°C 
and a thermal 


resistance 
of 120°C/W 
for the miniDIP 
package 
(LM13080N) 
or a thermal 
resistance as given by the curves for the single-in-line 
power 
package 
(LM13080PL 
The thermal 
resistance values given are for a still air ambient 
with the package soldered into a printed 
circuit 
board. 


Note 
2: 
Differential 
input 
voltages up to the magnitude 
of the power supplv voltage will not damage the input circuitry. 
However, 
input voltages 


outside the input common·mode 
voltage range will not be able to properly 
control 
the output 
of the amplifier. 


Note 
3: 
The 
input 
voltage 
applied 
to either 
input 
should 
not be allowed 
to go more than O.3V 
below 
the potential 
applied 
to pin 4; however, 


either 
input 
can be taken 
as high as 15V 
without 
causing damage to the circuit. 
Input 
voltages below the minimum 
common-mode 
voltage range 


may cause a phase reversal in the output. 


Note 
4: 
This 
input 
current 
will exist only 
when 
the voltage 
at either 
input 
lead is driven 
negative. 
It is due to the base-isolation 
junction 
of the 
PNP transistor 
tub becoming 
forward 
biased and thereby 
acting as an input diode clamp. 
In addition 
to this diode action, 
there is also lateral NPN 
parasitic 
action 
on the 
Ie chip. This transistor 
action 
can cause the output 
to take an undefined 
state for the time duration 
that an input 
is driven 


negative. 


Note 
5: 
Va = 6V, RS = on, and over the full input common-mode 
voltage range. 


Note 
6: 
Supply 
current 
is measured 
with 
the 
amplifier 
connected 
in a unitY 
gain follower 
configuration 
and the positive 
input 
set to one-half 


of the supply voltage. 
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Application Hints 


The LM 13080 is a power op amp capable of sourcing or 
sinking more than 250 mA and does not include internal 
current 
limit 
or thermal 
shut-down. 
Therefore, 
the user 


must make sure that 
his application 
will 
not cause the 
power dissipation 
rating of the package to be exceeded. 
In the plastic miniDlP 
package the LM13080N 
is rated 


at a maximum 
dissipation of 1000 mW at 25°C; whereas 
the metal tab single-in-line 
(SIP) package (LM13080P) 


will 
handle 
1900 
mW in free air, also at 25°C. 
For 


operation 
at temperatures 
above 25°C, 
the maximum 


dissipation must be derated using the equation: 


TJ - TA 


PD= 
ElJA 


If the inputs of the LM13080 are driven below the input 
common-mode 
voltage 
range, it 
is possible 
that 
the 


output 
will 
experience 
a phase reversal. This is parti- 
cularly 
true 
for 
the 
non-inverting 
input 
(VIN(+)). 


If either 
input 
is driven to a voltage level 0.3V 
below 


the substrate 
(pin 4) a parasitic 
NPN transistor 
will 
be 


turned 
ON. The emitter 
of 
this 
parasitic 
transistor 
is 


the normal 
input 
transistor 
epi 
(N-type, 
base) region, 


the 
base is the substrate (P-type) 
and the collector 
is 


every other 
epi region on the die. Circuit 
operation 
in 


this mode is unpredictable. 
If an input 
is forced below 
the 
substrate, 
the 
current 
flowing 
out 
of 
that 
input 
should be limited 
to 20 mA to insure that the amplifier 
will not be destroyed. 


where PD is the maximum 
allowable power dissipation, 
TJ is the maximum 
junction 
temperature 
(150°C), 
TA 


is the 
ambient 
temperature 
and 
ElJA is the thermal 


resistance of the package operated in a still air environ- 
ment. ElJA for the LM13080N 
is 120°C/W, whereas the 


ElJA 
of 
the 
LM13080P 
depends upon 
the heat sink 


used 
(see curve). 
For 
example, 
if 
the 
LM13080P 
is 


used in free air in a 70°C ambient, the maximum 
power 


that can be dissipated is: 


150°C - 
70°C 


65°C/W 


Programming the LM13080 
is accomplished by selecting 


the 
value 
of 
RSET, 
the 
input 
stage bias resistor, 
to 


optimize 
the amplifier 
for each particular 
application. 


An 
example 
would 
be an application 
with 
low source 


resistance which requires a low offset voltage to make a 
precise 
DC 
measurement. 
By 
selecting 
an 
RSET 
of 


100 k.l1, the normal offset voltage would 
be reduced to 


approximately 
one-fourth 
the value it 
would 
be if 
a 


680k resistor was used. By studying the curves, it can be 
seen that 
the bias current 
will 
increase but an increase 


here has very little 
effect due to the small source imped- 


ance. It should also be noted that with a lOOk input set 
resistor the gain bandwidth 
product 
will 
also increase, 
and in fact, the amplifier 
must be operated with a closed 


loop voltage gain of 6 to assure stability. 


The LM13080 
derives its ability 
to sink current through 


the use of a composite 
NPN/PNP output 
configuration. 
This 
local 
loop 
must 
be compensated 
by 
the 
series 


connection 
of a 0.05 IlF 
capacitor 
and a 10.11resistor 


between 
the 
output 
of the op amp 
(pin 
5) and the 


negative power 
supply 
(pin 
4). The RC does not just 


filter 
out 
the 
oscillation 
from 
the 
output 
waveform 


but actually stabilizes the loop. 


The effect of RSET on the total quiescent supply current 
will be very small (/l,IS < 5% IS) as long as RSET is lOOk 
or greater. 


Application 
Hints 
(Continued) 


To 
employ 
electronic 
shut-down 
the output 
bias pin, 


pin 2, and the negative end of the input 
bias resistor, 
RSET, 
are connected 
to 
the 
negative 
power 
supply 


(or 
ground 
in a single power 
system) through 
a sat- 
urated NPN transistor (or other electronic switch). When 
the transistor 
is turned 
OFF, 
all of 
the bias currents 
inside the op amp are turned OFF and all input and out- 
put terminals will float. When first turned ON, the out- 
put will 
take about 5 J1S to reach the correct level. To 


insure that the LM13080 
is OFF, leakage in the control 
device must be below the level that will allow pins 2 and 
7 to fall to 0.4V below V+ 


Power 
supply 
rejection 
is a function 
of 
the 
change 
in 
voltage 
across the 
input 
bias resistor, 
RSET. To 
improve 
the 
PSRR of 
the 
LM13080, 
the user must 
be careful 
to 
bypass pin 
7 to pin 6 or to establish a 
floating 
voltage 
referenced to 
the positive power sup- 
ply to serve as a connection 
point for RSET. In applica- 
tions where PSRR is important, 
it is imperative that a 


supply bypass capacitor(s) be used. 


Typical 
Applications 


LINE DRIVER 


The line driver circuit 
in Figure 
1 is able to accept an 
unbalanced, 
high impedance input 
and convert 
it to a 


balanced output 
suitable 
for 
driving 
a low impedance 


line. This is particularly 
useful in an environment 
where 


magnetically 
induced hum or noise pickup is a problem. 


The outputs ofthe 
2 LM 13080's are of opposite polarity; 
therefore, 
terminating 
the 
line 
with 
a balanced load 


1 1 


0 


'"'' 


68Dk 
10 


-6V 
-6V 


(i.e., a differential 
amplifier 
or a transformer) 
will cause 
common-mode 
interference 
pickup 
to 
be cancelled. 


This circuit 
will drive a 20 Vp-p signal into a 50n 
load 
for frequencies up to 10 kHz. Above 10 kHz the output 
signal is slew rate limited, 
but the line driver will 
still 
supply a 13 Vp-p signal at 20 kHz. The voltage gain of 
the 
network 
is 2, 
and the 
low frequency 
roll-off 
is 
determined by: 


1 
fL= 
--. 
21TRC 


It can be seen that 
if 
the 
load is connected 
directly 
between the outputs 
of the amplifiers, 
the line driver 
becomes a simple bridge amplifier 
capable of delivering 
2W into a 16n load. 


The 
piezoelectric 
alarm shown 
in Figure 
2 uses a 3- 


terminal 
transducer 
(Gulton 
101FB or equivalent) 
to 
produce an 80 dB SPL alarm. 


The transducer 
has a feedback terminal 
which 
is con- 


nected 
to 
the 
non-inverting 
input 
of 
the 
LM13080, 


causing oscillation 
at 
the 
resonant 
frequency 
of 
the 


piezoelectric 
crystal. 
The 
alarm 
can 
be 
controlled 
through 
the use of the electronic 
shut-down feature of 
the 
amplifier. 
The lOOk resistor and 0.1 J1F capacitor 


are used to provide a reference voltage at the inverting 
input 
and to keep the duty cycle of the crystal oscilla- 


tion 
close to 50%. The RC time constant of this feed- 
back network 
should 
be much 
greater than 
the time 


constant of the transducer. 


The 
LM 13080 
is easily adaptable 
to such appl ications 


as low 
frequency 
warning 
devices. The output 
of the 
oscillator 
is a squarewave that 
is used to drive lamps or 
small 
relays. 
As shown 
in Figure 
5, the 
circuit 
alter- 


nately flashes 2 incandescent lamps. 


Two 
separate circuits 
for 
sirens are shown. The first, 
Figure 
3, is a 2-state or ON-OFF 
type siren where the 
LM13080 
oscillates at an audio frequency 
and drives an 
8n 
speaker 
and 
the 
LM339 
acts as a switch 
which 
controls 
the audio burst rate. The second siren, Figure 4, 
provides a constant 
audio output 
but alternates between 
2 separate tones. The LM13080 
is set to oscillate at one 
basic frequency 
and this frequency 
is changed by adding 
a 200 kn 
charging resistor in parallel with the feedback 


resistor, R2. 
R2 
10V 
15k 
10V 


10V 
".~. 


10k 
C2 
1 
5~FT 
fSWITCH 
= 
1.4 R2C2 


= 
1.9 Hz 


-=- 
10k 
- 


15k 


-=- 


-5V 


1 
f=--- 
0.36 RC 
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6V 
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6V 


Cl 
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02 
A5 
10k 


A4 
lk 
':' 
':' 
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FIGURE 6. Motor Speed Control 


VIN 
10k 
10k 


10k 


VIN 


speed control 
for small motors requiring 
less than 0.5A 
start 
current. 
This 
circuit 
operates by 
impressing the 
multiple 
of 
a reference voltage across the motor, 
and 
then 
varying 
the 
reference by means of quasi·positive 
feedback 
to 
change the voltage across the motor 
any 
time the load on the motor changes. 


To understand the circuit 
operation, 
it is easiest to let 
the voltage at the cathode of diode D1, Figure 6, be the 
input voltage, VIN, to the system. Diode D1 is actually 
a level shift diode to bring VIN 
into the common-mode 
range of the amplifier. 
A reference voltage is established 
by the combined 
voltage drop through the lOn poten- 
tiometer, 
R3 and the reference diode, D2 and is applied 
to 
the 
non·inverting 
input 
of the 
LM13080. 
Resistor 
R4 is a bias resistor used to keep D2 active. The 10k 
speed adjust 
potentiometer 
is 2 resistors in 
1, where 
section 
R1 is the input resistance and section R2 is the 
negative 
feedback 
resistance. It can be seen that 
the 
voltage impressed across the motor is equal to: 


(V8E2 + 13R3) R2 
VMOTOR = 
R1 
+ VBE 


2V ~ VOUT ~ (VIN - 
2vI 


FIGURE 7. Positive Variable Voltage Regulator 


voltage across R3 due to the change in the motor current 
caused by a variation 
in the motor's 
load. Resistor R3 
is shown as a potentiometer 
so that the amount of posi- 
tive feedback can be adjusted for smooth operation 
of 
the motor. 
Capacitor C1 and resistor R5 serve as a filter 
for 
the reference voltage at the non·inverting 
input 
of 
the amplifier. 


In 
normal, 
positive 
or 
negative 
regulator 
application 
such as those 
shown 
in 
Figure 
7 and Figure 
8, the 
LM 13080 has 2 major advantages over standard opera· 
tional 
amplifiers. The LM13080 has its own on-chip pass 
device and in addition 
can either sink or source 250 mA 
of 
load current. 


~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


LHOOO2/LH0002C Current Amplifier 


The LH0002/LH0002C 
is a general purpose thick 
film 
hybrid 
current 
amplifier 
that 
is built 
on a 


single substrate. The circuit 
features: 


400 kn 


6H 


• 
High Input Impedance 


• 
Low Output 
Impedance 


• 
High Power Efficiency 


• 
Low Harmonic Distortion 


• 
DC to 30 MHz Bandwidth 


• 
Output 
Voltage Swing that Approaches Supply 
Voltage 


• 
400 mA Pulsed Output 
Current 


• 
Slew rate is typically 
200V Ills 


• 
Operation from ±5V to ±20V 


These features make it ideal to integrate with 
an 


operational 
amplifier 
inside a closed loop configu- 


ration 
to increase current output. 
The symmetrical 


output 
portion 
of the circuit 
also provides a low 
output 
impedance for both the positive and nega- 


tive slopes of output 
pulses. 


The LH0002 
is available in an 8-lead low-profile 


TO-5 header; the LH0002C 
is also available in an 
8-lead 
TO-5, 
and 
a 
lO-pin 
molded 
dual-in-line 


package. 


The 
LH0002 
is specified 
for operation 
over the 


_55°C to +l25°C 
military 
temperature 
range_The 


LH0002C 
is specified 
for operation 
over the O°C 
to +85°C temperature 
range. 


• 
Line driver 
• 
30 MHz buffer 
• 
High speed DIA conversion 
• 
Instrumentation 
buffer 


• 
Precision current source 


Supply Voltage 
Power Dissipation Ambient 
Input Voltage (Equal to Power Supply Voltage) 
Storage Temperature Range 
-65°C to +150°C 
Operating Temperature Range 
LH0002 
LH0002C 
Steady State Output Current 
Pulsed Output Current (50ms On/1 sec. Ofl) 


±22V 
600mW 


-55°C to +125°C 
O°Cto +85°C 
±100mA 
±400mA 


Parameter 


Voltage Gain 


AC Current Gain 


Input Impedance 


Output Impedance 


Output Voltage Swing 


Output Voltage Swing 


DC Output Offset Voltage 


DC Input Offset Current 


Harmonic Distortion 


Rise Time 


Positive Supply Current 


Negative Supply Current 


Conditions 


Rs=10kQ, 
RL=1.0kQ, VIN=±10V 


VIN = 1.0V,ms,1= 1.0kHz 


Rs=200kQ, 
VIN=±1.0V, 
RL=1.0kQ 


VIN = ±1.0V, RL= 50Q, Rs= 10kQ 


RL=1.0kQ, VIN=±12V 


Vs=±15V, 
V1N=±12V, 
Rs=50Q, 
RL=100Q, TA= 25°C 


Rs = 300Q, RL= 1.0kQ 


Rs = 10kQ, RL= 1.0kQ 


VIN = 5.0V,ms,1= 1.0kHz 


RL= 50Q, ,WIN = 100mV 


Rs = 10kQ, RL= 1.0kQ 


Rs=10kQ, 
RL=1.0kQ 


Typ. 


0.97 


40 


400 


6.0 


Alma 


kQ 


Q 


V 


V 


mV 


"A 


±10 
±30 


±6.0 
±10 


0.1 
- 


7.0 
12 


+6.0 
+10 


-6.0 
-10 


Note 1: Specification 
applies for TA= 25°C with +12Von 
Pins 1 and 2; -12Von 
Pins 6 and 7 for the metal can package and +12Von 
Pins 
1 and 2; -12V on Pins 4 and 5 for the dual·in-line 
package unless otherwise 
specified. 
The parameter 
guarantees 
for LHOOO2Capply 
over the temperature 
range of O°Cto +85°C, while parameters 
for the LHOOO2are guaranteed 
over the temperature 
range -55°C to 125°C 
unless otherwise 
specified. 
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LHOOO3lLHOO03C 
Wide Bandwidth Operational 
Amplifier 


The LH0003/LH0003C 
is a generalpurposeopera- 


tional 
amplifier 
which 
features: 
slewing 
rate 
up to 


70 volts/l'sec, a gain bandwidth of up to 30 MHz. 
and high output currents. Other features are: 


• 
Very low ollset voltage 


• 
Large output 
swing 


Typically 0.4 mV 
> ±10V into lOOn 
load 


10 
CLAMP 


AND 
COMPENSATION 


50 kHz to 400 kHz de- 
pending on compensa- 
tion 
The LH0003 is specified for operation over the 
-5SoC to +125°C military temperature range.The 
LH0003C is specified for operation over the O°C 


to +8SoC 
temperature 
range. 


• 
Good largesignal 


frequency 
response 


c, 
C, 
SI.IwR,lf 
Full 
Oul,",,' 
FreQU~Y 
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or 
or 
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Absolute Maximum Ratings 


Supply Voltage 
Power 
Dissipation 


Differential Input Voltage 
Input Voltage 
Load 
Current 
Operating Temperature Range LH0003 
LH0003C 
Storage 
Temperature 
Range 


Lead Temperature (Soldering, 10 see) 


:!.20V 


See curve 


±7V 


Equal to supply 


120 mA 
-55°C to +125°C 
O°Cto+85°C 


-65°C 
to +150°C 
300°C 


PARAMETER 


Input Offset Voltage 


Input Offset Current 


Input 
Bias Current 


Supplv Current 


Voltage 
Gain 


Voltage 
Gain 


Output 
VOltage 
SWing 


Input 
Resistance 


Average Temperature 


Coefficient 
of Offset 


Voltage 


Average Temperature 


Coefficient 
of Bias 


Current 


CMRR 


?SRR 


Vs 
.!:20V 


RL 
100k. 
Vs - l15V, 
VOUT 
= !.lQV 


RL 
= 2k, 
Vs 
= :t15V, 
VOUT 
= !.10V 


V 5 • ~ 15, R L ~ 100U 


As < lOOn. 
Vs'" 
!V, 
V1N 
!lOV 


As < lOon, 
Vs 
= !15V, 
6V 
5v 
to 20V 


As 
=- 
lOon. 
f'" 
10 kHz 
to 
100 kHz 


Vs 
! 15V 
de 


TV? 
MAX 


04 
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dB 


dB 


IJVrms 


Note 
1. 
These 
specifIcatIons 
apply 
for 
Pin 
7 
grounded. 
for 
±5V < Vs < ±20V. 
with 
capacitor 


C1 
= 90 
pF 
from 
Pin 
1 
to 
PIn 
10 
and 
C2" 
90 
pF 
from 
Pin 
5 
to 
ground. 
over 


the sjJp.clfled 
operating 
temperature 
range, 
unless otherWise 
specIfied 
Note 
2. 
Typical 
values 
are for 
tAMBIENT 
'" 25°C 
unless otherWise 
specified 
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~National 
~ 
Semiconductor 


LHOOO4lLHOOO4CHigh Voltage Operational 
Amplifier 


General Description 


Operational Amplifiers/Buffers 


The LH0004/LH0004C 
is a general purpose opera- 


tional 
ampl ifier 
designed to operate from 
supply 
voltages 
up 
to 
±40V. 
The device dissipates ex- 


tremely 
low quiescent 
power, 
typically 
8 mW at 


25°C and Vs = ±40V. Additional 
features include: 


The LH0004's 
high gain and wide range of oper- 
ating 
voltages 
make 
it 
ideal 
for 
applications 


requiring 
large 
output 
swing 
and 
low 
power 


dissipation. 


• 
Capable of operation 
over the range of ±5V to 


±40V 


• 
Large output 
voltage 
typically 
±35V 
for 
the 


LH0004 
and ±33V 
for 
the 
LH0004C 
into 
a 


2 Kn 
load with 
±40V 
supplies 


• 
Low 
input 
offset 
current 
typically 
20 nA for 
the LH0004 
and 45 nA for 
the LH0004C 


• 
Low 
input 
offset 
voltage typically 
0.3 mV 


• 
Frequency compensation with 2 small capacitors 


• 
Low power consumption 
8 mW at ±40V 


The 
LH0004 
is specified 
for 
operation 
over the 


-55°C 
to +125°C 
military 
temperature 
range. The 


LH0004C 
is specified 
for 
operation 
over the O°C 


to +85°C temperature 
range. 


• 
Precision high voltage power supply 


• 
Resolver excitation 


• 
Wideband high voltage amplifier 


• 
Transducer power supply 


Note: 
Pin 7 must be grounded 
or connected 
to a voltage 


at least 5V 
more negative than the positive supply 
(Pin 9). 


Pin 7 may be connected 
to the negative supply; 
however, 


the standby 
current 
will be increased. A resistor may be 


inserted in series with Pin 7 to Pin 9. The value of the 
resistor should be a maximum 
of 100 Kn per volt of 
potential 
between 
Pin 3 and Pin 9. 


Order Number 
LH0004H 
or LH0004CH 
See Package 
Hl0B 


·V,. 
aver.V! fOrwird 
"'oltagrdropof 
diodtsOllO 
04 


at 20 to 50JjA. 
" 
TlJ,f 


":" 
-M.ybtlifOorequll 
10source II1"tlnce 
for 
ml"lmumottm. 


Absolute Maximum Ratings 


Supply Voltage, 
Continuous 
±45V 


Power Dissipation 
(See curve) 
400 mW 


Differential 
Input 
Voltage 
±7V 


Input Voltage 
Equal to supply 


Short Circuit 
Duration 
3sec 


Operating 
Temperature 
Range LHOO04 
-55°C 
to +125°C 


LHOO04C 
O°C to 85°C 


Storage Temperature 
Range 
_65°C to +150°C 


Lead Temperature 
(Soldering, 
10 see) 
300°C 


Electrical Characteristics 
(Note 
1) 


LHOO04 
LHOO04C 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Rs:S; lOOn, 
TA = 25°C 
0.3 
1.0 
0.3 
1.5 
mV 


Rs:S; lOon 
2.0 
3.0 
mV 


Input 
Bias Current 
TA 
= 25°C 
20 
100 
30 
120 
nA 


300 
300 
nA 


Input Offset Current 
TA 
= 25°C 
3 
20 
10 
45 
nA 


100 
150 
nA 


Positive Supply Current 
Vs = ±40V, 
T A = 25°c 
110 
150 
110 
150 
IlA 


Vs = ±40V 
175 
175 
IlA 


Negative Supply Current 
Vs = ±40V, 
T A = 25°C 
80 
100 
80 
100 
IlA 


Vs = ±40V 
135 
135 
IlA 


Voltage Gain 
Vs = ±40V, 
RL = lOOk, T A = 25°C 
30 
60 
30 
60 
V/mV 


VOUT 
= ±30V 
Vs = ±40V, 
RL = lOOk 
10 
10 
V/mV 


VOUT 
= ±30V 


Output 
Voltage 
Vs = ±40V, 
RL = 10k 
±30 
±35 
±30 
±33 
V 


CMRR 
Vs = ±40V, 
Rs :s; 5k 
70 
90 
70 
90 
dB 


V'N = ±33V 


PSRR 
Vs = ±40V, 
Rs :s; 5k 
70 
90 
70 
90 
dB 


tJ.V = 20V to 40V 


Average Temperature 
Rs:S; lOOn 
4.0 
4.0 
Ilvtc 


Coefficient 
Offset Voltage 


Average Temperature 


Coefficient 
of 
0.4 
0.4 
nAtC 


Offset Current 


Equivalent 
Input 
Rs = lOOn, 
Vs = ±40V 
3.0 
3.0 
IlVrms 
Noise Voltage 
f = 500 Hz to 5 kHz, T A = 25°C 


Note 
1: These specifications 
apply for ±5V 
$. Vs ~ ±40V, 
Pin 7 grounded. with 
capacitors Cl 
= 39 pF between Pin 1 and 
Pin 10, C2 = 22 pF between 
Pin 5 and ground, -5SoC 
to +12SoC 
for the LH0004. 
and aOc to +8SoC for the LH0004C 
unless 
otherwise 
specified. 


Input 
Voltage 
Range 
Input 
Bias Current 
Voltage 
Gain 
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SUPPLY VOLTAGE ('VI 
SUPPl Y VOLTAGE ('VI 
SUPPl Y VOLTAGE 
(±Vl 


Negative Supply 
Current 
Positive Supply 
Current 
Output 
Voltage 
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Open Loop 
Frequency 
Large Signal 
Response 
Frequency 
Response 
Package Power 0 issipation 
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LH0005/LH0005A Operational Amplifier 


The LH0005/LH0005A 
is a hybrid 
integrated cir- 


cuit 
operational 
amplifier 
employing 
thick 
film 


resistors and discrete silicon semiconductors 
in its 
design. The select matching 
of the input pairs of 


transistors results in low input bias currents and a 
very low input 
offset 
current, 
both of which ex- 
hibit 
excellent 
temperature 
tracking_ In addition, 
the device features: 


• 
Very 
high 
output 
current 
capability: 
±50 mA 


into a 100 ohm load 


• 
Low 
standby 
power 
dissipation: 
typically 
60 mW at ±12V 


• 
High input resistance: typically 
2M at 25°C 


-May beltrO or equ,1to 
tht 


input 
ttsist'l'I(f 
for minimum 
offset 
··To 
minimillcrossover 
distortion 


at hillherfrequ.ncin. 
May be 


omitted 
for low frequency 
applQtion 
or selected 10 suit 
design requirements 


*Typal 
v.lue. Rs = lOOK. 


Re may be increased 
for pallf 


Mnsitwity 
with 
reduction 
in 
flngr. 


• 
Full operating range: _55°C to +125°C 


• 
Good 
high frequency 
response: unity 
gain at 
30 MHz 


With no external roll-off 
network, 
the amplifier 
is 
stable with 
a feedback ratio of 10 or greater_ By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm 
resistor 
in series with 
a 75 pF 


capacitor 
from 
pin 4 to ground, the amplifier 
is 
stable to 
unity 
gain. The unity 
gain loop phase 


margin with 
the above compensation 
is typically 


70 degrees. With a gain of 10 and no compensation 
the 
loop 
phase margin 
is typically 
50 degrees. 


·V1 = Average 
forwlfd 
voltage 
drop 


of diodes 0, to D.atJlpprax. 


1 mA. 


For continuous 
snort ci,cuit 


protection 
(Vs,. 
!.12V. 


-5SoC< 
fA < +100°C) 


RL1M>50n 


Absolute Maximum Ratings 


Supply Voltage 
±20V 


Power Dissipation (see Curve) 
400 mW 


Differential 
Input Voltage 
±15V 


Input Voltage 
Equal to supply voltages 


Peak Load Current 
±100 mA 


Storage Temperature 
Range 
_65°C to +150°C 


Operating Temperature 
Range 
-55°C to +125°C 
Lead Temperature 
(Soldering, 
10 see) 
300°C 


Electrical Characteristics 
(Note 
1) 


LHOOO5 
LHOOO5A 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
25°C 
Rs::; 
lOOn 
5 
10 
1 
3 
mV 
_55° C, 125°C 
Rs::; 
100 n 
10 
4 
mV 


Input Offset Current 
25°C to 125°C 
10 
20 
2 
5 
nA 
-55°C 
25 
75 
10 
25 
nA 


Input Bias Current 
25°C to 125°C 
15 
50 
8 
25 
nA 
_55°C 
100 
250 
60 
125 
nA 


Large Signal Voltage Gain 
_55° C to 25° C 
RL = 10K, R2= 3K, VOUT = ±5V 
2 
4 
4 
5.5 
V/mV 
125°C 
1.5 
3 
3 
5 
V/mV 


Output 
Voltage Swing 
-55°C to 125°C 
RL=10kn 
-10 
+6 
-10 
+6 
V 
25°C to 125°C 
RL = lOOn 
-5 
+5 
-5 
+5 
V 
_55°C 
RL = lOon 
-4 
+4 
-4 
+4 
V 


Input Resistance 
25°C 
1 
2 
1 
2 
Mn 


Common Mode Rejection Ratio 
25°C 
V1N = ±4V, RS ~ 
lOOn 
55 
60 
60 
66 
dB 


Power Supply Rejection Ratio 
25°C 
55 
60 
60 
66 
dB 


Supply Current (+) 
-55°C to 125°C 
3 
5 
3 
5 
mA 


Supply Current (-) 
-55°C to 125°C 
2 
4 
2 
4 
mA 


Average Temperature 
Coefficient 
of Input Offset Voltage 
-55°C to 125°C 
Rs::; lOOn 
20 
10 
uvfc 


Output 
Resistance 
25°C 
70 
70 
n 


Not. 
1: These specifications apply for pin 6 grounded, Vs = ±12V. 
with Resistor Rl = 200n in series 
with 
Capacitor C1 :: 75 pF from 
pin 4 to ground, and C2 = 200 pF between pins 9 and 10 unless 
otherwise 
specified. 
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LH0005C Operational Amplifier 


General Description 


The LH0005C 
is a hybrid integrated circuit opera- 


tional 
amplifier 
employing. 
thick 
film 
resistors 
and discrete silicon semiconductors 
in its design. 
The select matching 
of the input pairs of transis- 
tors results in low input 
bias currents and a very 


low 
input 
offset 
current 
both 
of which 
exhibit 


excellent 
temperature 
tracking. 
In addition, 
the 
device features: 


• 
Very 
high output 
current 
capability: 
±40 mA 


into a 100 ohm load 


• 
Low 
standby 
power 
dissipation: 
typically 


60 mW at ±12V 


• 
High input resistance: typically 
2M at 25°C 


·May 
be l~'O 0' 
equ,l 
10 the 
,npul 


rrslIl.llef 
10' 
minImum 
ollse! 


"Tli 
ml,um'lf 
tlOSlllYt. d'ltorllon 
It 
h,pel 
hrqurnc'n 
May 
be 


amllltd 
lor 
low 
hrqurncy 
IPI'Il 


Clhon 0' wlKled 
10 lUll dfSlgll 


rrq'lIffmrnll. 


• 
Operating range: 0° to 85°C 


• 
Good 
high frequency 
response: unity 
gain at 


30 MHz 


With no external roll-off 
network, 
the amplifier 
is 
stable with 
a feedback ratio of 10 or greater. By 


adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm 
resistor 
in series with 
a 75 pF 
capacitor 
from 
pin 4 to ground, 
the amplifier 
is 


stable to unity 
gain. The unity 
gain loop phase 


margin with 
the above compensation 
is typically 


70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 
50 degrees. 


Fo'cont1n"OllI~O.tc"cUII 
p.otKlIOn 
(Vs 
= !12V. 


o~c:S T.•.S lO·C 


Rl•M 
~50U 


~ 


Absolute Maximum Ratings 
:t 
8 


Supply Voltage 
±20V 
en 


Power Dissipation 
(see Curve) 
400mW 
0 


Differential 
Input Voltage 
±15V 


Input Voltage 
Equal to supply voltages 


Peak Load Current 
±100 mA 


Storage Temperature 
Range 
_55°C to +125°C 


Operating Temperature 
Range 
O°C to 85°C 


Lead Temperature 
(soldering, 10 sec) 
300°C 


Electrical Characteristics 


LHOOO5C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


(Note 2) 


Input Offset Voltage 
Rs ~ 
lOOn 
3 
10 
mV 


Input Offset Current 
5 
25 
nA 


Input Bias Current 
20 
100 
nA 
HI 


Large Signal Voltage Gain 
RL = 10K, R2 = 3K, VOUT 
= ±5V 
2 
5 
V/mV 


Output 
Voltage Swing 
RL= 
10kH 
-10 
+6 
V 


RL = 1000 
-4 
±6 
+4 
V 


Input Resistance 
TA = 25°C 
0.5 
2 
Mn 


Common 
Mode Rejection 
Ratio 
V'N = ±4V, Rs ~ lOOn, 
TA = 25°C 
50 
60 
dB 


Power Supply 
Rejection 
Ratio 
TA = 25°C 
50 
60 
dB 


Supply Current 
(+) 
3 
5 
mA 


Supply Current 
(-) 
2 
4 
mA 


Note 1: These specifications 
apply 
for pin 6 grounded, 
Vs = ±12V, 
with 
Resistor R1 = 200n 
in series 


with 
Capacitor C1 = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10, over the 
temperature 
range of. O°C to +8SoC 
unless otherwise 
specified. 


Note 2: 
Typical values are for 2SoC 
only. 
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LH0021/LH0021 C 1.0 Amp Power Operational Amplifier 
LH0041/LH0041C 0.2 Amp Power Operational Amplifier 


General Description 


The LH0021/LH0021 
C and LH0041 ILH0041 Care 
general purpose operational 
amplifiers 
capable of 
delivering 
large output 
currents 
not usually 
asso- 


ciated with conventional 
IC Op Amps. The LH0021 


will 
provide 
output 
currents 
in 
excess of 
one 
ampere 
at voltage 
levels of 
±12V; 
the 
LHOO41 
del ivers 
currents 
of 
200 
mA 
at 
voltage 
levels 
closely approaching 
the available power 
supplies. 
In addition, 
both the inputs and outputs 
are pro- 


tected 
against overload. 
The devices are compen- 


sated with 
a single external 
capacitor 
and are free 
of any unusual oscillation 
or latch-up problems. 


• 
Output 
current 
1.0 Amp (LH0021) 
0.2 Amp (LH00411 


• 
Output voltage swing 
±12V into lOn 
(LH00211 
±14V into lOOn (LH0041) 


• 
Wide full power bandwidth 
15 kHz 


• 
Low standby power 
100 mW at ± 15V 


• 
Low input offset 
voltage and current 
1 mV and 20 nA 


4RSC 
external 
on "G" and uK" packages. 
RSC internal 


on "J" 
PiCkage. 
Offset Null connections 
available 
only 
on "C" pickage. 


• 
High slew rate 


• 
High open loop gain 
3.0V//ls 


100 dB 


The excellent 
input 
characteristics 
and high out- 


put 
capability 
of 
the 
LH0021 
make 
it an ideal 
choice for 
power applications 
such as DC servos, 
capstan drivers, deflection 
yoke 
drivers, and pro- 


grammable power supplies. 


The LH0041 
is particularly 
suited for applications 
such as torque driver for inertial guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, 
and programmable 
power 
supplies 


for automatic 
test equipment. 


The LH0021 
is supplied in a B pin TO-3 package 
rated 
at 
20 
watts 
with 
suitable 
heatsink. 
The 


LH0041 
is supplied 
in 
both 
12 pin 
TO-S 
(2.5 
watts 
with 
clip 
on heatsink) 
and a power Spin 
ceramic DIP (2 watts with 
suitable heatsink). 
The 


LH0021 
and 
LH0041 
are guaranteed 
over 
the 


temperature 
range of -55°C 
to +125°C 
while the 


LH0021C and LH0041C are guaranteed from _25°C 
to +B5"C 


Order Number 
LHOO21 K o. LHOO21C K 


See Package 
K08A 


CaMP 


C (EXT) 
3000 pF 


OUT 


O"IIT.~~l 


Order Number 
LHOO41G 
o. LHOO41CG 
See Package 
H12S 


::[§' 
:;~:.y. 


GItD 
1 
, 
OUTPUT 


v· 
• 
s 
cow 


TI'VIE. 


Order Number 
LHOO41CJ 
See Package HY08A 


Absolute Maximum Ratings 


Supply Voltage 
±18V 


Power Dissipation 
See curves 
Differential 
Input 
Voltage 
±30V 


Input 
Voltage 
(Note 
1) 
±1SV 


Peak Output 
Current 
(Note 2) 
LH0021/LH0021C 
2.0 Amps 


LH00411LH0041 
C 
O.S Amps 


Output 
Short 
Circuit 
Duration 
(Note 
31 
Continuous 


Operating 
Temperature 
Range LH0021/LH0041 
-SSoC to +12SoC 


LH0021C/LH0041C 
-2SoC to +8SoC 


Storage Temperature 
Range 
-6SoC to +1S0°C 


Lead Temperature 
(Soldering, 
10 see) 
300°C 


DC Electrical Characteristics 
for LH0021/LH0021C 
(Note 4) 


LIMITS 


PARAMETER 
CONDITIONS 
LHOO21 
LHOO]1C 
UNITS 


MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


Input 
Offset 
Voltage 
As < lOon, 
Te 
"'25"C 
1.0 
30 
30 
60 
mV 


As < lOon 
5.0 
75 
mV 


Voltage 
Drift 
with 
Temperature 
Rs < lOOn 
3 
25 
5 
30 
pV: C 


Offset 
Voltage 
Drift 
with 
Time 
5 
5 
IJV/week 


Offset 
Voltage 
Change 
with 
Output 
Power 
5 
15 
5 
20 
JJV,watt 


Input 
Offset 
Current 
Te " 25 


YC 
30 
100 
50 
200 
nA 


300 
SOO 
nA 


Offset 
Current 
Dnft 
wllh 
Temperature 
01 
1.0 
02 
1.0 
oAI 
C 


Offset 
Current 
Drift 
with 
Time 
2 
2 
nA/week 


Input 
Bias Current 
Te '" 25"C 
100 
300 
200 
SOO 
nA 


1.0 
1.0 
"A 


Input 
Resistance 
Te " 25"'C 
0.3 
1.0 
0.3 
1.0 
Mil 


Input 
Capacitance 
3 
3 
pF 


Common 
Mode Rejection 
RallO 
As < lOOn, 
6VCM 
= 'lOV 
70 
90 
70 
90 
dB 


Input 
Voltage 
Range 
Vs'" 
'15V 
'12 
'12 
V 


Power 
Supply 
Rejection 
Ratio 
As <;; 
lOOn, 
t::.Vs '" ~lOV 
80 
96 
70 
90 
dB 


Voltage 
Gain 
Vs'" 
.±15V. 
Vo 
'" .±lOV 


RL" 
1 kH,Tc 
'" 25"C, 
100 
200 
100 
200 
V/mV 


Vs'" 
.!.15V, 
Va" 
.l10V 


RL'''' 
lOOn. 
25 
20 
V'mV 


Output 
Voltage 
Swing 
I/S = ±15V, 
Rl 
= lOOn 
'135 
14 
'13 
'14 
V 


Vs = ±15V, 
RL '" lOn, 
Tc 
'" 25°C 
'11,0 
:' 12 
~ 10 
~ 12 
V 


Output 
Short 
Circuit 
Current 
Vs'" 
±lSV, 
T c 
= 25"C,Rsc" 
O,SS! 
0.8 
1.2 
1.6 
08 
1.2 
16 
Amps 


Power 
Supply 
Current 
Vs'" 
.!.15V, 
VOUT 
'" 0 
25 
35 
3.0 
4.0 
mA 


Power 
Consumption 
Vs" 
~15V, 
VOUT 
'" a 
75 
105 
90 
120 
mW 


AC Electrical Characteristics 
for LH0021/LH0021C 
(TA = 25°C, Vs=±15V, 
Cc=3000pF) 


Slew 
Rate 
Av 
'" +1, 
RL 
'" lOOn 
0.8 
3.0 
10 
30 
V/jJ.s 


Power 
Bandwidth 
RL 
= lOOn 
20 
20 
kH, 


Small 
Signal 
Transient 
Response 
03 
1.0 
03 
15 
"' 
Small 
Signal 
Overshoot 
5 
20 
10 
30 
% 


Settling 
Time 
(0.1%) 
6V1N 
= 10V, 
Av 
'" +1 
4 
4 
"' 
Overload 
Recovery 
Time 
3 
3 
"' 
Harmonic 
Distortion 
f = 1 kHz, 
Po 
'" 0.5W 
0.2 
0.2 
% 


Input 
Noise 
Voltage 
Rs 
= son, B.W. 
'" 10 Hz to 
10 kHz 
5 
5 
p.V 
rms 


Input 
Noise 
Current 
B.W. '" 10 Hz to 
10 kHz 
0.05 
0.05 
nA 
rms 


II:I::I: 
00 
00 
~N 
..•. ..•. 
-- 
II:I::I: 
00 
00 
~N 
..•...•. 
0,.0 


.•..•. 
..J..J-- 
,.... ,.... 
N~ 
00 
00 
J:J: 
..J..J 


LIMITS 


PARAMETER 
CONDITIONS 
lHOO41 
LH0041C 
UNITS 


MIN 
TV' 
MAX 
MIN 
TV' 
MAX 


Input 
Offset 
Vollage 
Rs< 
lOOn. 
T.o, '" 25 
C 
10 
30 
30 
60 
mV 


As <;, loon 
5.0 
75 
mV 


Voltage 
DrIft With Temperature 
As < lOOn 
3 
5 
"vtc 


Offset 
Voltage 
Dnft 
With Time 
5 
5 
IJ.V/week 


Offset 
Voltage 
Change 
With 
Output 
Power 
15 
15 
pV/wan 


Offset 
Voltage 
Adlustment 
Range 
(NOle 
5) 
20 
20 
mV 


Input 
Offset 
Current 
TA 
25 C 
30 
100 
50 
200 
nA 
300 
500 
nA 


Offset 
Current 
Drift 
WI,h TemperalUre 
01 
1.0 
02 
10 
nA/oe 


Offset Current 
Drift 
WIth TIme 
2 
2 
nA/week 


Input 
Bias Currenl 
T A'" 
25' C 
100 
300 
200 
500 
nA 


1.0 
1.0 
"A 


Input 
ReSistance 
TA'" 
25 
C 
03 
1.0 
0.3 
1.0 
Mil 


Input 
Capacitance 
3 
3 
pF 


Common 
Mode RejectIon 
RatIO 
Rs'< 
lOOn, 
.1VCM" 
±10V 
70 
90 
70 
90 
dB 


Input 
Voltage 
Range 
Vs'" 
'15V 
"2 
! 12 
V 


Power 
Supply 
Rejecllon 
RallO 
Rs ~ lOOn, 
tJ.Vs '"±10V 
BO 
96 
70 
90 
dB 


Voltage 
Gain 
Vs" 
+15V.Vo""10V 


RL= 
1 kn,TA=2S"C 
100 
200 
100 
200 
V/mV 


Vs 
c ±15V, 
Vo '" ±10V 


RL= 
lOOn 
25 
20 
VIm V 


Output 
Voltage 
SWing 
Vs:: !15V. 
RL 
= lOOn 
!130 
140 
!130 
!14.0 
V 


Output 
Short 
CirCUit 
Current 
Vs: 
±15V, 
TA· 
25"C 
200 
300 
200 
300 
mA 


(Note 
6) 


Power 
Supply 
Current 
Vs: 
±15V. 
VOUT: 
0 
2.5 
3.5 
3.0 
4.0. 
mA 


Power 
Consumption 
Vs: 
±15V. 
VOUT: 
0 
75 
105 
90 
120 
mW 


AC Electrical Characteristics 
for LHOO41/LHOO41C 
(TA= 
2SoC, Vs=±1SV, 
Cc=3000pF) 


Slew 
Rate 
Av: 
+1. AL: 
lOOn 
, 5 
3.0 
10 
3.0 
VIps 


Power 
Bandwidth 
RL: 
lOOn 
20 
20 
kHz 


Small 
Signal 
Transient 
Response 
0.3 
10 
0.3 
1.5 
"' 
Small 
Signal 
Overshoot 
5 
20 
10 
30 


'" 


Settling 
Time 
(0.1"1 
l:J.VIN: 
10V, 
Av 
'" +1 
4 
4 
"' 
Overload 
Recovery 
Time 
3 
3 
"' 
Harmonic 
Distortion 
f'" 
1 kHz, Po: 0.5W 
0.2 
0.2 


'" 


Input 
Noise 
Voltage 
Rs: 
son, 
B W. '" 10 Hz to 
10 kHz 
5 
5 
p.V/rms 


Input 
Noise 
Current 
B.W. 
: 
10 Hz to 
10 kHz 
0.05 
0.05 
nAlrms 


Note 1: 
Rating applies for supply voltages above ±15V. For supplies less than ±15V, rating is equal to supply voltage. 


Note 2: 
Rating applies for 
LH004IG 
and LH0021 K with 
RSC = on. 


Note 3: 
Rating applies as long as package power rating is not exceeded. 


Note 4: 
Specifications 
apply 
for 
±SV S Vs 
±18V, and -SSoC S TC = S 12SoC for LH0021 K and LH0041G, 
and -2SoC S 


TC ~ +8SoC for LH0021CK, 
LH0041CG 
and LH0041CJ 
unless otherwise specified. Typical 
values are for 2SuC only. 


Note S: TO-8 "G" 
packages only. 


Note 6: 
Rating applies for "J" 
DIP package and for TO-a "G" 
package with 
RSC = 3.3 ohms. 


Typical Performance Characteristics 


Package Power Dissipation 
Power Derating·LHOO21 
Safe Operating 
Area - 
lHOO21 
lHOO41/lHOO41C 


I Jl 
'JC'~'CfW 


2.0 
-+-1l 


2.4 
I\. 


1.5 
2.1 


25 
- 
INFINITE 
HEAT SINK 
.. -- 


Vs'" !15V 
" 


63'CIW 
~ 
~ 
1.0 
Te:: 2S"C 
~ 
1.8 
'\. 
z 
20 
\ 
5 
z 


'" 


•... 
C> 
\ 


0.5 
;:: 
1.5 


~ 
i 
: 
~ 
I\. CASE 


i:i 


15 
0 
i:i 
1.2 
'" 
'\ 
Q 
Q 


" 
10 


•... 
-0.5 
" 
0.9 
FREEAI~ " 
~ 
" 
~ 


0JA' 
25'CIW 
•... 


-1.0 
0.6 
" 
- 


'-.....2 


~ 
'" 
100'CIW 
5 
- 
-1.5 
~ 
0.3 
L-- 
-2.0 


0 
25 
50 
15 
100 
125 
-15 
-10 
-5 
0 
5 
10 
15 
0 
25 
50 
75 
100 
125 
150 


TEMPERATURE 
rc) 
OUTPUT 
VOL TAGE 
(V) 
TEMPERATURE 
(OCI 


Open loop 
F...equency 
Large Signal Frequency 


Output 
Voltage Swing 
Response 
Response 


18 
....::: 
16 - 
- I} = 


Rsc:: 
On 
I 


Vs= 
'15V 
~ 
Vs= 
!15V 


16 
I 
I 
V 
120 
Cc" 3000 
pF 
f 


14 - 
Cc = 3000 
pF 
....::: 
I 
f 
14 
~ 
A •.. :: 1 kH 
~ 
::: 


TA" 
25 C 
~ 
12 •.... 
"\ 


TA:: 
25"C 


./- 
V 
100 
~'K 
z 
III I 
~ 
12 
z 
~ 
10 
RI..:: lOOn 


~ 
.l- 
~ 
80 
,..•... 
~ 


'" 
10 


~ 


8 


> 
/- 
~ 
60 
RI..:: 10n 
•... 
~ 
" 
8 
/-,. 
" 
AI.. '" tOn 


RI..:: lOOn 
> 
6m 


~ 
~ 
40 
•... 


6 
I 
" 
4 


-:: '/ 


""" 
(lH0021,F 
•... 


~ 
I 
I 
20 
" 
4 
- RI..:: tDOH 
I 
'\ 
'" 
2 


2 
/ 


0 
0 


4 
6 
8 
10 
12 
14 
16 
18 
20 
1 
10 
100 
1k 
10k 
lOOk 
1M 
1k 
10k 
lOOk 
1M 


SUPPLY 
VOLTAGE 
(-V) 
FREQUENCY 
(Hzl 
FREQUENCY 
(Hz) 


Voltage 
Follower 
Pulse 
Short Circuit 
Current 
YS 


Response 
No load 
Supply Current 
Temper.'ure 
lHOO21/lHOO21C 


12 
3.0 
2.0 
I 
- 
Vs= 
!15V 
VS" 
!15V 


RL" 
l(}O12 
VIN" 
OV 
1 


1.6 


8 
Cc" 
3000 pF 
~ 
;< 
Te' 
-55'C 
____ 
:% 


•... 
1.4 
I 
I 
\ 
E 
-/ 
z 
~ 
4 
- 
2.0 
" 


1.2 


•......•..••. 
•... 
,../ -0/ 
Rsc" 
0.5n 


~ 


OUTPUT 
z 
"" 
1.0 


0 
" 
u 
"'f' 
> 
f 
" 
? 


•... 


•... 
INPUT 
" 
.....-::: /-' 
'--Te' 
25 C 
~ 


0.8 
.••...... 
...... 


" 
\ 
>- 


~ 


-4 
\ 
~ 


1.0 
/' '---- 


~T~' 
125~C 


U 
0.6 
Rsc" 
1.0n 
...... 


/'" 
•... 
" 
0.4 
I 
I 
-8 
'"% 
0.2 


-12 
0 
0 


0 
5 
10 
15 
20 
25 
30 
35 
5 
10 
15 
20 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


TIME 
(J1s1 
SUPPl Y VOLT AGE (-V) 
CASE TEMPERATURE 
(OCI 


Short Circuit Current vs 
Temper.ture 
lH0041/lHOO41C 
Input Bias Current 
Voltage Gain 


225 
'+--.. I 
400 
120 
Vs" 
!15V 
I 
;< 
200 


l~OO41J 
& "-l 


Tl'-5JC- 


.! 
1 
I . 
•... 
115 I- ~H0041G 
W/Rsc' 
3.30 
300 ~ 
110 
::; 
•......... 
Tc '"'-55 
C 
•... 
- 
~ 


150 
z 
z 
I 
I 


..•.... 
" 
~ 
.--? I"..--" 
lc 
'" 2SoC 


125 
" 
•... 
r-h..-I 
" 
200 
100 V 
I 
~ 


u 
~ 


100 
.. 
Tc" 
25°C 
~ 


U 
lH0041G. 
Rsc' 
6.2n r- 
iO 
~ - 


Tc" 
lU 


GC 


•... 
15 
•... 


" 
I 
I 
-- 
" 
100 
90 
I 
~ 
z 
Tc" 
!25°C 
50 
I 
I 
25 
0 
80 


-50 
-25 
0 
25 
50 
15 
100 
125 
5 
10 
15 
20 
5 
10 
15 
20 


CASE TEMPERATURE 
(OCI 
SUPPLY 
VOLTAGE 
(tV) 
SUPPLY 
VOLTAGE 
I±Y) 


IIJ:J: 
00 
00 
~I\) 
-" -" 
-- 
I 
I 
J:J: 
00 
00 
~I\) 
-" -" 
0",0 


c.)o 
~~ 
N~ 
00 
00 
:L:L 
..J..J-- 
~~ 
N~ 
00 
00 
:L:L 
..J ..J 


400 


1 
300 


~ 
z 


'" 
200 


'":> 
u~ 
:> 
z 
100 


20 


~ 
16 
~ 
z 
'" 
12 
'"~ 
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>~ 
:> 
z 


---- 
./ 
/' 


,/ 
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"- 
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r- 
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15100125 


CASE TEMPERATURE 
( Cj 


~ 
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~~ 
Z 
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u 


~ 
10-25 


" 
Z 


3.0 


g 
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~ 
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~ 
" 
1.0 
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Operational Amplifiersl Buffers 
~National 
~ 
Semiconductor 


LHOO22JLHOO22CHigh Performance 
FET Op Amp 


LHOO42JLHOO42CLow Cost FET Op Amp 
LHOO52JLHOO52CPrecision FET Op Amp 
General Description 


The 
LH0022/LH0042/LH0052 
are a family 
of 


FET input operational amplifiers with very closely 
matched 
input 
characteristics, 
very 
high 
input 


impedance, and ultra·low 
input 
currents with 
no 


compromise 
in 
noise, common 
mode 
rejection 


ratio, open loop gain, or slew rate. The internally 
laser nulled 
LH0052 
offers 
500 microvolts 
maxi- 


mum offset and 5/lV tc offset drift. 
Input offset 


current 
is less than 500 femtoamps at room tem· 


perature 
and 
500 pA 
maximum 
at 
125°C. The 
LH0022 and LH0042 are not internally 
nulled but 


offer 
comparable matching characteristics. All de- 
vices in the family 
are internally compensated and 


are free of latch-up and unusual oscillation 
prob- 


lems. The 
devices may be offset 
nulled 
with 
a 


single 10k trimpot 
with 
neglible effect 
in CMRR. 


• 
Low input offset drift-5/lVtC 
max (LHOO52) 


• 
Low input offset voltage - 
100 microvolts-typ. 


• 
High open loop gain - 
100 dB typo 


• 
Excellent slew rate - 
3.0 Vl/ls typo 


• 
Internal 
6 dB/octave 
frequency 
compensation 


• 
Pin compatible with standard IC op amps (TO-5 
package) 


The LH0022, 
LH0042 
and LH0052 are specified 


for 
operation 
over the -55°C 
to +125°C military 


temperature range.The LH0022C, 
LH0042C 
and 
LH0052C 
are specified 
for 
operation 
over 
the 


-25°C 
to 
+85°C 
temperature 
range. 


The 
LH0022/LH0042/LH0052 
family 
of 
IC op 
amps are intended to fulfill 
a wide variety of appli· 


cations for 
process control, 
medical 
instrumenta- 


tion, 
and other systems requiring 
very low input 
currents 
and tightly 
matched 
input 
offsets. The 


LH0052 
is particularly 
suited for 
long term high 
accuracy 
integrators 
and 
high 
accuracy 
sample 


and 
hold 
buffer 
ampl ifiers. 
The 
LH0022 
and 


LH0042 
provide 
low cost high performance 
for 


such appl ications 
as electrometer 
and photocell 
amplification, 
pico-ammeters, and high input 
im· 


pedance buffers. 


Special electrical 
parameter selection and custom 
built circuits are available on special request. 


For additional 
appl ication 
information 
and infor· 
mation 
on other 
National 
operational 
amplifiers, 


seeAvailable Linear Applications 
Literature. 


Features 


• 
Low input offset current-500 
femtoamps max. 


(LH0052) 


Schematic and Connection Diagrams 
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Order Number 
LH0022D, 


LHOO22CD, LH0042D, 
LH0042CD, 


LH0052D 
or LH0052CD 


See Package 
D14E 


Order Number 
LH0022H, 
LH0022CH, 


LHOO42H,LH0042CH, 
LHOO52H or LHOO52CH 


See Package 
H08A 
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Absolute 
Maximum 
Ratings 


Supply 
Voltage 
±22V 


Power Dissipation 
(see graph) 
500 mW 


Input 
Voltage (Note 1) 
±15V 


Differential 
Input Voltage (Note 2) 
±30V 


Voltage Between Offset Null and V- 
±0.5V 


Short Circuit 
Duration 
Continuous 
Operating 
Temperature 
Range 
LHOO22. LH0042. 
LH0052 
_55°C to +125°C 
LH0022C. 
LH0042C. 
LH0052C 
_25°C to +B5°C 
Storage Temperature 
Range 
_65°C to +150°C 
Lead Temperature 
IS.oldering, 10 secl 
300°C 


DC Electrical 
Characteristics 
for LH00221LH0022C 
(Note 3) 


LIMITS 


PARAMETER 
CONDITIONS 
LH0022 
LH0022C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Rs ~ 100 k!l; 
TA 
= 25'C. 
20 
4.0 
3.5 
6.0 
mV 
Vs'"' 
±1SV 


Rs <; 100kn, 
Vs = ±15V 
5.0 
7.0 
mV 


Temperature 
Coefficient 
of 
Rs ~ 100 kn 
5 
10 
5 
15 
~V/oC 


Input 
Offset 
Voltage 


Offset 
Voltage 
Drift 
WIth 
Time 
3 
4 
f.J.V/week 


Input 
Offset 
Current 
(Note 4) 
0.2 
20 
1.0 
5.0 
pA 


2.0 
0.5 
nA 


Temperature 
CoeffiCient 
of 
Doublps every loge 
Doubles 
every 
1aOc 


Input 
Offset 
Current 


Offset 
Current 
Drift 
With 
Time 
0.1 
01 
pA/week 


Input 
Bias Current 
(Note 4) 
5 
10 
10 
25 
pA 


10 
2.5 
nA 


Temperature 
CoeffiCient 
of 
Doubles every 
1Qoe 
Doubles every lOoe 


Input 
Bias Current 


DIfferential 
Input 
Resistance 
1011 
1012 
!l 


Common 
Mode 
Input 
ReSIStance 
1012 
1012 
n 


Input 
Capacitance 
4.0 
4.0 
pF 


Input 
Voltage 
Range 
Vs::: 
:!.15V 
± 12 
± 13.5 
±12 
!13.5 
V 


Common 
Mode 
Rejection 
RatIO 
Rs~ 
10 kll, 
VIN'" 
±10V 
80 
90 
70 
90 
dB 


Supply 
Voltage 
Rejection 
RatiO 
Rs ~ 10 kn, ±5V <; Vs~ 
!15V 
BO 
90 
70 
90 
dB 


Large 
Signal 
Voltage 
Gain 
AL 
'" 2 kn, 
VOUT 
= ±10V, 
100 
200 
75 
160 
V/mV 


TA 
'" 2SoC, 
Vs 
'" .±lSV 


RL'" 
2 kn, 
VOUT 
'" .±lOV, 
50 
50 
VIm 
V 


Vs'" 
.±1SV 


Output 
Voltage 
SWing 
RL'" 
1 HI, 
TA 
'" 25°C, 
± 10 
±12.5 
±10 
± 12 
V 


Vs"'±lSV 


AL 
'" 2kn, 
Vs'" 
±lSV 
±1O 
±10 
V 


Output 
Current 
SWIng 
VOUT 
= ± 10V, 
T A 
= 2SoC 
± 10 
± lS 
! 10 
! 15 
mA 


Output 
ReSIStance 
75 
75 
n 


Output 
Short 
CirCUit 
Current 
25 
25 
mA 


Supply 
Current 
Vs"'±1SV 
2.0 
2.5 
2.4 
2.8 
mA 


Power 
Consumption 
Vs'" 
±1SV 
75 
85 
mW 


DC Electrical Characteristics 
for LH0042/LH0042C (Note 3) 


Limits 


Parlmeter 
Conditions 
LHOO42 
LHOO42C 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Input Offset 
Voltage 
Rs •• 1ookQ 
5.0 
20 
6.0 
20 
mV 


Temperature 
Coefficient 
of 
Rs •• 1ookQ 
5.0 
10 
"V/'C 
Input 
Offset 
Voltage 


Offset 
Voltage 
Drift 
with 
Time 
7.0 
10 
IAV/week 


Input 
Offset 
Current 
(Note 4) 
1.0 
5.0 
2.0 
10 
pA 


Temperature 
Coefficient 
of 
Doubles 
every 
lODe 
Doubles 
every 
lODe 


Input 
Offset 
Current 


I 
I 
I 
I 


Offset 
Current 
Drift 
with 
Time 
01 
01 
pAlweek 


Input 
Bias 
Current 
(Note 4) 
10 
25 
15 
50 
pA 


Temperature 
Coeffieient 
of 
Doubles 
every looe 
Doubles 
every 
19°C 


Input 
Bias 
Current 


Differential 
Input 
Resistance 
1012 
1012 
Q 


Common 
Mode 
Input 
Resistance 
1012 
1012 
Q 


Input 
Capacitance 
4.0 
4.0 
pF 


Input 
Voltage 
Range 
±12 
±13.5 
±12 
±13.5 
V 


Common 
Mode 
Rejection 
Ratio 
As <: 10kQ, VJN= ±IDV 
70 
86 
70 
80 
dB 


Supply 
Voltage 
Rejection 
Ratio 
Rs" 
10kQ, 
±5V" 
Vs'" ::t15V 
70 
86 
70 
80 
dB 


Large 
Signal 
Voltage 
Gain 
Rs" 
2kQ, 
Your 
'""±10V 
50 
150 
25 
100 
V/mV 


Output 
Voltage 
Swing 
RL=1kQ, 
T.=25°C 
±10 
±12.5 
±10 
±12 
V 


RL=2kQ 
±10 
±10 
V 


Output 
Current 
Swing 
Vour:: 
±10V 
±10 
±15 
±10 
±15 
mA 


Output 
Aesistance 
75 
75 
Q 


Output 
Short 
Circuit 
Current 
20 
20 
mA 


Supply 
Current 
2.5 
3.5 
2.8 
4.0 
mA 


Power 
Consumption 
105 
120 
mW 


DC Electrical Characteristics 
For LHOO52/LH0052C (Note 3) 


limits 


Parameter 
Conditions 
LH0052 
LHOO52C 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Input 
Offset 
Voltage 
Rs < l00kQ, 
Vs - +15V 
0.1 
0.5 
0.2 
1.0 
mV 


T. = 25°C 
As < 100kQ, 
Vs = ±15V 
1.0 
1.5 
mV 


Temperature 
Coefficient 
of 
Rs" 
100kQ, 
Vs=±15V 
2.0 
5.0 
5.0 
10 
"V,.C 
Input 
Offset 
Voltage 


Offset 
Voltage 
Drift 
with 
Time 
2.0 
4.0 
JJ.V/week 


Input 
Offset 
Current 
(Note 4) 
0.01 
5.0 
0.02 
1.0 
pA 
500 
100 
pA 


Temperature 
Coefficient 
of 
Doubles 
every 
10°C 
Doubles 
every 
10°C 
Input 
Offset 
Current 


<01 I 


I 
I 
I 


Offset 
Current 
Drift 
with 
Time 
<01 
pAiweek 


Input 
Bias 
Current 
(Note 4) 
05 
25 
10 
5.0 
pA 
25 
0.5 
nA 


Temperature 
Coefficient 
of 
Doubles 
every 
1Q°C 
Doubles 
every 
10°C 
Input 
Bias 
Current 


Differential 
Input 
Aesistance 
1012 
1012 
Q 


Common 
Mode 
Input 
Resistance 
1012 
1012 
Q 


Input 
Capacitance 
4.0 
4.0 
pF 


Input 
Voltage 
Aange 
Vs= 
±15V 
±12 
±13.5 
±12 
±13.5 
V 


Common 
Mode 
Rejection 
Ratio 
Rs" 
10kQ, 
V1N:: 
±10V 
74 
90 
70 
90 
dB 


Supply 
Voltage 
Rejection 
Ratio 
As" 
10kQ, 
±5V" 
Vs" 
±15V 
74 
90 
70 
90 
dB 


large 
Signal 
Voltage 
Gain 
Rl = 2 KQ, 
Your 
:: ±10V 
100 
200 
75 
160 
VfmV 


Vs=±15V, 
TA = 25°C 


Rl=2kQ, 
Vour=±10V 
50 
50 
V/mV 
Vs=±15V 


Output 
Voltage 
Swing 
Rl=1kQ, 
TA=25°C 
±10 
±12.5 
±10 
±12 
V 
Vs=±15V 


Rl=2kQ, 
Vs=±15V 
±10 
±10 
V 


Output 
Current 
Swing 
Your 
= ±10V, 
tA = 25°C 
±10 
±15 
±10 
±15 
mA 


Output 
Aesistance 
75 
75 
Q 


Output 
Short 
Circuit 
Current 
25 
25 
mA 


Supply 
Current 
Vs=±15V 
3.0 
3.5 
3.0 
3.8 
mA 


Power 
Consumption 
Vs=±15V 
105 
114 
mW 


r- 
:::I:oo 
N 
N-Pr- 
:::I: 
8 
~-p 
r- 
:::I:8 
en 
N-o 


"~"AMItIItH 
CONDITIONS 
lHOO22/42/52 
lHOO22C/42C152C 
UNITS 


MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


51••,\,R,te 
Voltage Follower 
1.5 
3.0 
1.0 
3.0 
VIlAs 


L.'ge Signal Bandwidth 
Voltage Follower 
40 
40 
kHz 


Small Signal Bandwidth 
1.0 
1.0 
MHz 


Rise Time 
0.3 
1.5 
0.3 
1.5 
.' 
Overshoot 
10 
30 
15 
40 
% 


Settling Time (0.1 %1 
tiV1N 
= 10V 
4.5 
4.5 
.' 
Overl,*, Recovery 
4.0 
4.0 
.' 
Input Noise Voltage 
Rs'"' 10 kn. 
fo E 10 Hz 
150 
150 
nV/.../HZ 


Input Noise Voltage 
Rs" 
10 kn, fo" 100 Hz 
55 
55 
nV/VHZ 


Input Noise Voltage 
Rs E 10 kn. 
fo" 
1 kHz 
35 
35 
nV/.JH; 


Input Noise Voltage 
Rs'" 10 kn. fo" 10 kHz 
30 
30 
nVA/HZ 


Input Noise Voltage 
BW" 10 Hz to 10 kHz. Rs" 10 kn 
12 
12 
IJ,Vrms 


Input Noise Current 
BW" 10 Hz to 10 kHz 
<.1 
<.1 
pArms 


Note 1: For supply voltages leu th.n :tlSV, the abSolute maximum input voltage is equal to the supply voltage. 
Note 2: Rlting applies for minimum source resistance of 10 kG, for source resistances lessthan 10 kG, maximum differential 
input voltage is :tSV. 
Note 3: Unless otherwise specified. these specifications apply for :t5V ~ Vs <: .t20V and _55° C <: TA <: .t12S'C for the 
lHOO22 and lHOO52 and -2SoC <: TA" 
+85°C for the lHOO22C and lH0052C Typical value5are given for TA" 25°C. 


Nota 4: Input currents are a strong function of temperature. Due to high speed testing they are specified a junction temperature 
T;" 25° C, self heating will cause an increase in current in manual tests. 
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COMMON 
MODE 
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VOLTAGE 
(V) 
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SOURCE 
RESISTANCE 
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Stabilization 
Time of Input 
Offset 
Voltage 
from 
Power 
Turn-On 


fA" 25 C 


Vs" 
.!.15 


PREVIOUS 
Vos 
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llJY 
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- MAXIMUM 
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lH0022 
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lOOK 
1M 
10M 
100M 


INPUT 
SOURCE 
RESISTANCE 
(11) 


~ 
100 
~ 


nnrTT 


YS=±15V 
TA ~ 2S·C 
.S·100 n 
I- 


Change 
in Input 
Offset 


Voltage 
Due to Thermal 
Shock 
vs Time 
;; 
.3 
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150 


o> 
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'00 


o~ 
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5(J 
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60·cT 
I 
T 


1/ I 
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I I I I I I I 
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PREVIOUS 
QUIESCENT 


I 
Vos'; hV 
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-20 
0 
20 
40 
60 
10 
100 


TIME FROM HEAT API'LICATION 
(_I 


Typical Performance Characteristics 
(Cont'd) 


Supply 
Voltage 
vs 
Output Swing vs Supply 


Supply Current 
Voltage Gain 
Voltage 


3.0 
120 
I 
I 


40 


-JT 
•• 


1'125Ie 
~ 
36 
RL" 
2KH 


T~'-II~ 
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25 C 
-' 
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32 
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~\ 
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./ 
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"- 
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110 
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28 
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1.0 
-- 
fA 
s 125~C 
~ 


./ 
SWING 
- 
VPf' 
~ 
~ 
c 
12 
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Output 
Voltage 
Swing 
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Voltage Swing vs 
vs Load Resistance 
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Frequency 
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OUTPUT 
CURRENT 
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Voltage Follower 
Large 
Frequency Characteristics vs 


Signal Response 
Transient Response 
Ambient 
Temperature 


'2 
1.4 


I vs" 
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15 
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Wi) 
T (,..1 
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rCI 


Frequency Characteristics 
'IS 
Output 
Resistance 'IS 
Open Loop Transfer 


Supply 
Voltage 
Frequency 
Characteristics 
'IS 
Frequency 


1.4 
160 
,0' 


TA 
•• +25°C 
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'. 
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LHOO241LH0024C High Slew Rate Operational 


~ 
Amplifier 
o 
::I: 
...J 


The LH0024/ LH0024C is a very wide bandwidth, 
high slew rate operational 
amplifier 
intended to 
fulfill 
a wide var.iety of 
high speed applications 
such as buffers to A to 0 and 0 to A converters 
and high speed comparators. The device exhibits 
useful gain in excess of 50 MHz making it possible 
to use in video applications requiring higher gain 
accuracy 
than 
is usually 
associated with 
such 
amplifiers. 


• 
Very 
high slew rate - 
500 V//lS at Av 
+1 


• 
Wide small signal bandwidth 
- 
70 MHz 


• 
Wide large signal bandwidth 
- 
15 MHz 


• 
High output 
swing - ±12V into 1K 


• 
Offset null with single pot 


• 
Low input offset - 2 mV 


• 
Pin compatible with standard IC op amps 


The 
LH0024/LH0024C's 
combination 
of 
wide 


bandwidth 
and high slew rate make it an ideal 


choice 
for 
a variety 
of 
high speed applications 


including active 
filters, 
oscillators, and compara- 


tors as well as many high speed general purpose 
appl ications. 


The 
LH0024 
is guaranteed over the temperature 


range _55°C 
to +125°C, 
whereas the 
LH0024C 


is guaranteed _25°C to +85°C. 


01.' 
~ 


Supply Voltage 
±18V 
Input Voltage 
Equal to Supply 
Differential 
Input Voltage 
±5V 


Power 
Dissipation 
600 mW 


Operating 
Temperature 
Range 
LHOO24 
_55°C to +125°C 


LH0024C 
_25°C to +85°C 


Storage 
Temperature 
Range 
_65°C to +150°C 
Lead Temperature (Soldering. 10 sec) 
300°C 


DC Electrical Characteristics 
(Note 
1) 


LHOO24 
LHOO24C 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset VOltage 
Rs = 50n. T A = 25°C 
2.0 
4.0 
5.0 
8.0 
mV 


Rs = 50n 
6.0 
10.0 
mV 


Average 
Temperature 
Vs = ±15V. Rs = 50n 
-20 
-25 
Ilvfc 
Coefficient of Input 
_55°C to 125°C 
Offset Voltage 


Input Offset Current 
T A = 25°C 
2.0 
5.0 
4.0 
15.0 
IlA 


10.0 
20.0 
IlA 


Input 
Bias Current 
T A = 25°C 
15 
30 
18 
40 
IlA 
40 
50 
IlA 


Supply Current 
12.5 
15 
12.5 
15 
mA 


Large Signal Voltage 
Vs = ±15V. RL = 1k, T A = 25°C 
4 
5 
3 
4 
V/mV 


Gain 
Vs = ±15V. RL = 1k 
3 
2.5 
V/mV 


Input Voltage Range 
Vs=±15V 
±12 
±13 
±12 
±13 
V 


Output Voltage 
Vs = ±15V. RL = lk, T A = 25°C 
±12 
±13 
±10 
±13 
V 
Swing 
Vs = ±15V. RL = 1k 
±10 
±10 
V 


Slew Rate 
Vs = ±15V. RL = 1k. 
400 
500 
250 
400 
VIlls 
C, = C2 = 30 pF 
Av = +1. T A = 25°C 


Common 
Mode 
Vs = ±15V.I1V'N = ±10V 
60 
60 
dB 


Rejection 
Ratio 
Rs = 50n 


Power Supply 
±5V~Vs~±18V 
60 
60 
dB 
Rejection 
Ratio 
Rs = 50n 


Note 1: These specifications 
apply for Vs = t 15V and -55°C 
to +12SoC for the LH0024 
and -2SoC 
to +8SoC for the LHOO24C. 


Frequency Compensation 


TABLE 
I 
Frequency 
Compensation 
Circuit 


CLOSED 
c, 
.', 


lOOP 
GAIN 
c, 
c, 


~ 
'00 
0 
0 
0 


20 
0 
0 
0 


'0 
0 
20 pF 
1 pF 
·ki~ 


1 
30 pF 
30 pF 
J pF 
0> 


Ul.l~ 
0"''''''' 
" '11~ 


~'.11I2 I) 


Typical Performance Characteristics 


Large Signal Frequency 
Open Loop Frequency 
Maximum Power Dissipation 
Response 
Response 
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Voltage Follower Pulse 
Input Voltage vs Supply 
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Applications Information 


1. 
layout 
Considerations 
-1, 
C3 
may 
require adjustment 
in order to per- 


The 
lH0024/lH0024C,like 
most 
high 
speed 
cir· 
fectly 
cancel 
the 
input 
capacitance 
of the 
device, 


cuitry, 
is sensitive 
to 
layout 
and stray 
capacitance. 
When 
operating 
the 
lH0024/lH0024C 
at a gain 


Power 
supplies 
should 
be 
by-passed 
as 
near 
the 
of +1, the 
value 
of 
R 1 should 
be at least 
1K ohm. 


device 
as is practicable 
with 
at 
least 
.01 
J1F disc 
The case of the lH0024 
is electrically 
isolated 
from 


type 
capacitors. 
Compensating 
capacitors 
should 
the 
circuit; 
hence, 
it may be advantageous 
to drive 
also 
be 
placed 
as 
close 
to 
device 
as 
possible. 
the case in order to minimize 
stray capacitances. 


2. 
Compensation 
Recommendations 
3. 
Heat Sinking 


Compensation 
schemes 
recommended 
in Table 
1 
The 
lH0024/lH0024C 
is specified 
for operation 


work 
well under 
typical 
conditions. 
However, 
poor 
without 
the 
use of an explicit 
heat 
sink. 
However, 


layout 
and 
long 
lead 
lengths 
can degrade 
the 
per· 
internal power dissipation does cause a significant 


formance 
of 
the 
lH0024 
or 
cause 
the 
device 
to 
temperature 
rise. 
Improved 
offset 
voltage 
drift 
oscillate. 
Slight 
adjustments 
in 
the 
values 
for 
can 
be obtained 
by 
limiting 
the 
temperature 
rise 
C1, 
C2, 
and 
C3 
may 
be 
nece,sary 
for a given 
with 
a clip-on 
heat 
sink 
such 
as the 
Thermalloy 
layout. 
In particular, 
when 
operat;'lg 
at a gain of 
22288 
or equivalent. 


The LH0032's wide bandwidth, high input impedance 
and high output capacity make it an ideal choice for ap- 
plications such as summing amplifiers in high speed D 
to A's, buffers in data acquisition systems, and sample E:-. 
and hold circuits. Additional applications include high 
~ 
speed integrators and video amplifiers. The LH0032 is 
guaranteed over the temperature range -55°C to +125°C 
and the LH0032Cis guaranteed from -25°C to +85°C. 


~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


LH0032/LHOO32C Ultra Fast FET 
Operational Amplifier 


General Description 


The LH0032/LH0032Cis a high slew rate, high input im- 
pedance differential operational amplifier suitable for 
diverse application in fast signal handling. The high al- 
lowable differential input voltage, ease of output clamp- 
ing, and high output drive capability particularly suit it 
for comparator applications. It may be used in applica- 
tions normally reservedfor video amplifiers allowing the 
use of operational gain setting and frequency response 
shaping into the megahertz region. 


• 
5mV max. input offset voltage 


• 
FET input 


• 
Offset null with single pot 
• 
No compensation for gains above 50 
• 
Peak output current to 100mA 


• 
500V/,..s slew rate 


• 
70MHz bandwidth 


• 
1012Q input impedance 


IAUNCEI{ 


COMPENSATION 


Order Number LH0032G or LH0032CG 


See NS Package H12B 


umerenllal 
Input 
voltage 
±30Vor 
±2Vs 
Power 
Dissipation, 
Po 
TA = 25°C 
1.5W, derate 
100°C/W 
to 125°C 
(Note 
1) 
Tc = 25°C 
2.2W, derate 
70°C/W 
to 125°C 
(Note 
1) 
Operating 
Temperature 
Range, 
TA 
LH0032G 
-55°C 
to +125°C 
LH0032CG 
-25°C 
to +85°C 


Operating 
Junction 
Temperature, 
TJ 
175°C 
Storage 
Temperature 
Range 
-65°C 
to +150°C 
Lead Temperature 
(soldering, 
10 seconds) 
300°C 


DC Electrical Characteristics 
Vs=±15V, 
TM1N~ TA ~ TMAX unless 
otherwise 
noted 


LH0032G 
LH0032CG 
Units 
Parameter 
Test 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vos 
Input 
Offset 
Voltage 
TA =TJ = 25°C 
(Note 
2) 
2 
5 
2 
15 
mV 
10 
20 


INos/AT 
Average 
Offset 
Voltage 
Drift 
25 
25 
f'VloC 


los 
Input 
Offset 
Current 
TJ = 25°C 
(Note 
2) 
25 
50 
pA 
V1N=0 
TA =25°C 
(Note 
3) 
250 
500 
pA 


TJ=TA=TMAX 
25 
5 
nA 


Ie 
Input 
Bias 
Current 
TJ = 25°C 
(Note 
2) 
100 
500 
pA 
TA=25°C 
(Note 
3) 
1 
5 
nA 
TJ=TA=TMAX 
50 
15 
nA 


V1NCM 
Input 
Voltage 
Range 
±10 
±12 
±10 
±12 
V 


CMRR 
Common 
Mode 


Rejection 
Ratio 
AVIN =10V 
50 
60 
50 
60 
dB 


AVOL 
Open·Loop 
Voltage 
Vo-±10V,f-lkHz 
I TJ-25°C 
60 
70 
60 
70 
dB 
Gain 
RL = 1 kQ 
57 
57 


Vo 
Output 
Voltage 
Swing 
RL -1 
kQ 
±10 
±13.5 
±10 
±13 
V 


Is 
Power 
Supply 
Current 
TJ=25°C, 
10=0 
18 
20 
20 
22 
mA 
PSRR 
Power 
Supply 


Rejection 
Ratio 
INs = 10V 
50 
60 
50 
60 
dB 


AC Electrical Characteristics 
Vs=±15V, 
RL=lkQ, 
TJ=25°C 


Parameter 
Conditions 
Min. 
Typ. 
Max. 
Units 


SR 
Slew 
Rate 
Av=+l 
350 
500 
Vlf's 


ts 
Settling 
Time 
to 1% of 
Final 
Value 
Av=-l, 
AV1N=20V 
100 


ts 
Settling 
Time 
to 0.1% 
of 
Final 
Value 
300 
ns 


tR 
Small 
Signal 
Rise Time 
Av = +1, AV1N= lV 
8 
20 


to 
Small 
Signal 
Delay 
time 
10 
25 


Notel: 
In order to limit maximum 
junction 
temperature 
to +175°C, it may be necessary 
to operate 
with Vs < ±15V when TA or Tc 


exceeds specific 
values depending 
on the Po within the device package. Total Po is the sum of quiescent 
and load·related 
dissipation. 
See Applications 
Notes 
AN277, "Applications 
of Wide-Band 
Buffer 
Amplifiers" 
and 
AN253, "High-Speed 
Operational-Amplifier 


Applications" 
for a discussion 
of load-related 
power dissipation. 


Note 2: Specification 
is at 25'C junction 
temperature 
due to requirements 
of high-speed automatic 
testing. 
Actual values at operating 


temperature 
will exceed the value at TJ= 25'C. 
When supply voltages 
are ±15V, no-load operating 
junction 
temperature 
may rise 


4Q-60'C above ambient 
and more under load conditions. 
Accordingly, 
Vos may change one to several mV, and Ie and los will change 


significantly 
during warm-up. Refer to Ie and los vs. temperature 
graph for expected 
values. 


Note 3: Measured 
in still air 7 minutes 
after application 
of power. 
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Junction Temperature 
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JUNCTION 
TEMPERATURE 
(OC] 
TIME 
FROM 
POWER TURN·ON 
(MINUTES) 
POSITIVE 
SUPPLY 
VOLTAGE 
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INPUT 
VOLTAGE 
IVs' 
- 
V,NJ 
(VOLTS) 
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Input 
Noise 
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The input 
capacitance 
to the 
LH0032/LH0032C 
is typi- 
cally 5 pF and thus may form a significant 
time constant 
with high value resistors. 
For optimum 
performance, 
the 
input 
capacitance 
to the inverting 
input 
should 
pe com- 
pensated 
by a small capacitor 
across the feedback 
resis- 
tor. The value is strongly 
dependent 
on layout and closed 
loop gain, 
but will 
typically 
be in the neighborhood 
of 
several 
picofarads. 


In the 
non-inverting 
configuration, 
it 
may 
be 
advan- 
tageous 
to bootstrap 
the case and/or a guard conductor 
to the inverting 
input. This serves both to divert 
leakage 
currents 
away from the non-inverting 
input and to reduce 
the effective 
input capacitance. 
A unity gain follower 
so 
treated 
will have an input capacitance 
under a picofarad. 


Heat Sinking 


While 
the 
LH0032/LH0032C 
is specified 
for 
operation 
without 
any explicit 
heat sink, internal 
power dissipation 
does cause a significant 
temperature 
rise. Improved 
bias 
current 
performance 
can thus 
be obtained 
by limiting 
this temperature 
rise with a small 
heat sink such 
1IS the 
Thermalloy 
No. 2241 or equivalent. 
The case of the device 
has no internal 
connection, 
so it may be electrically 
con- 


nected 
to the 
sink 
if this 
is advantageous. 
Be aware, 


however, 
that 
this will 
affect 
the stray 
capacitances 
to 
all pins and may thus require 
adjustment 
of circuit 
com- 
pensation 
values. 


For additional 
applications 
information 
see Application 
Note AN·253. 


The LH0032/LH0032C, 
like most 
high speed 
circuits, 
is 
sensitive 
to layout 
and stray 
capacitance. 
Power 
sup- 
plies 
should 
be by-passed 
as near to pins 10 and 12 as 
practicable 
with 
low 
inductance 
capacitors 
such 
as 
0.01 "F 
disc 
ceramics. 
Compensation 
components 
should 
also be located 
close 
to the appropriate 
pins to 
minimize 
stray 
reactances. 


Inpllt Current 


Because 
the input 
devices 
are FETs, the input 
bias cur- 
rent may be expected 
to double 
for each 11°C junction 
temperature 
rise. 
This 
characteristic 
is plotted 
in the 
typical 
performance 
characteristics 
graphs. 
The device 
will 
self-heat 
due to internal 
power dissipation 
after ap- 
plication 
of power thus raising 
the FET junction 
tempera- 
ture 
40-60°C 
ilbove 
free-air 
ambient 
temperature 
when 
supplies 
are ±15V. The device temperature 
will stabilize 
within 
5-10 minutes 
after application 
of power, and the in- 
put bias currents 
measured 
at that time will be indicative 
of normal 
operating 
currents. 
An additional 
rise would 
occur 
as power 
is delivered 
to a load due to additional 
internal 
power 
dissipation. 


There is an additional 
effect 
on input bias current 
as the 
input 
voltage 
is changed. 
The 
effect, 
common 
to 
all 
FETs, is an avalanche-like 
increase 
in gate 
current 
as 
the 
FET 
gate·to-drain 
voltage 
is 
increased 
above 
a 
critical 
value 
depending 
on FET geometry 
and doping 
levels. 
This effect 
will 
be noted 
as the input 
voltage 
of 
the 
Lt-i0032 is taken 
below 
ground 
potential 
when 
the 
supplies 
are ±15V. All of the effects 
described 
here may 
be minimized 
by operating 
the device 
with 
Vs'" 
±15V. 


These effects 
are indicated 
in the typical 
performance 
curves. 
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LH00331LH0033C, LH00631LH0063C Fast and 
Damn Fast Buffer Amplifiers 


General Description 


The LH0033/LH0033C 
and LH0063/LH0063C 
are 
high 
speed. FET 
input, 
voltage 
follower/buffers 
designed 
to 
provide 
high 
current 
drive 
at 
fre- 


quencies from 
DC to over 100 MHz. The LH0033/ 
LH0033C 
will 
provide 
±10 mA 
into 
1 kn 
loads 
(±100 
mA peak) at slew rates of lS00V IfJs. 
The 
LH0063/LH0063C 
will 
provide 
±2S0 
mA 
into 
son 
loads (±SOO mA peak) at slew rates of up to 
6000V IfJs. 
In 
addition, 
both 
exhibit 
excellent 
phase linearity 
up to 20 MHz. 


Both are intended to fulfill 
a wide range of buffer 
applications 
such as high speed line drivers. video 
impedance transformation, 
nuclear instrumentation 
amplifiers. 
op 
amp 
isolation 
buffer 
for 
driving 
reactive 
loads and high impedance input 
buffers 
for 
high 
speed A 
to 
D's 
and 
comparators. 
In 
addition, 
the LH0063/LH0063C 
can continuously 
drive 
son 
coaxial 
cables or be used as a diddle 
yoke driver for high resolution 
CRT displays. For 
additional 
applications 
information. 
see AN-48. 


• 
Only +10V supply 
needed for S Vp.p video out 


• 
Speed does not 
degrade system 
p.erformance 


• 
Wide data rate range for phase encoded systems 


OFFSET 


PRESET 


OffSET 


ADJUST 


NC 


TOP 
VIEW 


CASE ISHECTRICAllY 


ISOloloTED 


• 
Output 
drive adequate for most loads 


• 
Single pre-calibrated 
package 


• 
Wide power bandwidth 


• 
High output 
drive 


• 
Low phase non-linearity 


• 
Fast rise times 


• 
High current gain 


• 
High input resistance 


DC to 100 MHz 


±10V with 
son 
load 


2 degrees 


2 ns 


120 dB 


1010n 


These 
devices 
are 
constructed 
using 
specially 
selected junction 
FET's and active laser trimming 
to achieve guaranteed performance 
specifications. 
The LH0033 
and LH0063 
are specified for opera- 
tion from -SSoC to +12SoC; whereas. the LH0033C 
and LH0063C 
are specified from -2SoC to +8SoC. 
The 
LH0033/LH0033C 
is available 
in 
a 
1.SW 
metal TO-B package and a special 112 x 1 inch 8 
pin ceramicdual-in-line 
package while the LH00631 


LH0063C 
is available in a SW B-pin TO-3 package. 
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See Package 
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Absolute Maximum Ratings 


Supply 
Voltage 
IV" 
- 
V-I 
40V 
Peak Output 
Current 


Maximum 
Power 
DISSipation 
(See Curvesl 
LHOO63/LH0063C 
±500 mA 
LH0063/LH0063C 
SW 
LH0033/LH0033C 
±250 mA 


LH0033/LH0033C 
1SW 
Operating 
Temperature 
Range 


Maximum 
Junction 
Temperature 
17S·C 
LH0033 and LHOO63 
-SS·C to '12S·C 


Input 
Voltage 
Equal to Supplies 
LHOO33Cand LHOO63C 
-25°C 
to +8S 


oC 


Continuous 
Output 
Current 
Storage 
Temperature 
Range 
--6SoC to +lSO°C 


LH0063/LH0063C 
±250 mA 
Lead Temperature 
(Soldering, 
10 see) 
300·C 
LH0033/LH0033C 
±100 mA 


DC Electrical Characteristics 
Vs=±15V, 
TM1N~ TA ~ TMAX unless 
otherwise 
specified 


limits 


Parameter 
Conditions 
LHOO33 
LHOO33C 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Output 
Offset 
Rs = 100Q, TJ = 25°C, V1N= OV 
5.0 
10 
12 
20 
mV 
Voltage 
(see note 
1) 
Rs=100Q 
15 
25 
mV 


Average 
Temperature 
Rs=1ooQ, 
VIN=OV 
50 
50 
IJV/·C 
Coefficient 
of 
Offset 
Voltage 


Input 
Bias 
VIN =OV 
TJ = 25°C (Note 
1) 
250 
500 
pA 
Current 
TA = 25°C (Note 
2) 
2.5 
5.0 
nA 


TJ=TA=TMAX 
10 
20 
nA 


Voltage 
Gain 
Vo=±10V, 
Rs=100Q, 
RL=1.0kQ 
0.97 
0.98 
1.00 
0.96 
0.98 
1.00 
VIV 


Input 
Impedance 
RL= 
1 kQ 
1010 
1011 
1010 
1011 
Q 


Output 
Impedance 
VIN=±1.0V, 
RL=1.0k 
6.0 
10 
6.0 
10 
Q 


Output 
Voltage 
VI=±14V, 
RL=1.0k 
±12 
±12 
V 
Swing 
VI = ±10.5V, 
RL = 100Q, TA = 25°C 
±9.0 
±9.0 
V 


Supply 
Current 
VIN=OV 
20 
22 
21 
24 
mA 


Power 
Consumption 
VIN =OV 
600 
660 
630 
720 
mW 


Note 
1 is Note 
2 of LH0032 


Note 
2 is Note 
3 of LH0032 


AC Electrical Characteristics 
Tc = 25°C, Vs = ±15V, 
Rs = 50Q, 
RL = 1.0kQ 


Limits 


Parameter 
Conditions 
LHOO33 
LHOO33C 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Slew 
Rate 
VIN=±10V 
1000 
1500 
1000 
1400 
V/lJs 


Bandwidth 
VIN = 1.0Vrms 
100 
100 
MHz 


Phase 
Non-Linearity 
BW= 
1.0 to 20MHz 
2.0 
2.0 
degrees 


Rise Time 
,WIN=0.5V 
2.9 
3.2 
ns 


Propagation 
Delay 
,WIN=0.5V 
1.2 
1.5 
ns 


Harmonic 
Distortion 
f> 
1 kHz 
<0.1 
<0.1 
% 


Note 1: Specification 
is at 25°C junction 
temperature 
due to requirements 
of high·speed automatic 
testing. 
Actual values at operating 


temperature 
will exceed the value at TJ = 25·C. When supply 
voltages 
are ±15V, no-load operating 
junction 
temperature 
may rise 


40-60·C above ambient 
and more under load conditions. 
Accordingly, 
Vos may change one to several mV, and Ie will change signifi· 


cantly during warm-up. Refer to Ie vs. temperature 
graph for expected 
values. 


Note 2: Measured in still air 7 minutes 
after application 
of power. 


DC Electrical Characteristics 
Vs = ±15V, 
TMIN •• TA" 
TMAX unless 
otherwise 
specified 


limits 


Parameter 
Conditions 
LH0063 
LH0063C 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Output 
Offset 
Rs •• 100 kQ, TJ = 25°C 
10 
25 
10 
50 
mV 


RL=100Q 
100 
100 
mV 


Average 
Temperature 
Rs" 
100kQ 
300 
300 
IN/oC 


Coefficient 
of 


Output 
Offset 
Voltage 


Input 
Bias 
TJ = 25°C 
0.1 
0.1 
nA 


Current 
10-5 
5-5 


Voltage 
Gain 
VIN = ±10V, 
Rs" 
100 kQ, RL = 1 kQ 
0.94 
0.96 
1.0 
0.94 
0.96 
1.0 
VIV 


Voltage 
Gain 
VIN=±10V, 
Rs" 
100kQ, 
RL=50Q, 
0.92 
0.93 
0.98 
0.91 
0.93 
0.98 
VIV 


TJ = 25°C 


Input 
Capacitance 
Case 
Shorted 
to Output 
8.0 
8.0 
pF 


Output 
Impedance 
VouT=±10V, 
Rs" 
100kQ, 
RL=50Q 
1.0 
4.0 
1.0 
4.0 
Q 


Output 
Current 
VIN = ±10V, 
Rs •• 100 kQ 
0.2 
0.25 
0.2 
0.25 
Amps 
Swing 


Output 
Voltage 
RL=50Q 
±10 
±13 
±10 
±13 
V 
Swing 


Output 
Voltage 
Vs = ±5.0V, 
RL = 50Q, TJ = 25°C 
5.0 
7.0 
5.09 
7.0 
V 
Swing 


Supply 
Current 
TJ=25°C, 
RL=oo, 
Vs=±15V 
35 
65 
35 
65 
mA 


Supply 
Current 
Vs=±5.0V 
50 
50 
mA 


Power 
Consumption 
TJ = 25°C, 
RL = 00, Vs = ±15V 
1.05 
1.95 
1.05 
1.95 
W 


Power 
Consumption 
Vs=±5.0V 
500 
500 
mW 


AC Electrical Characteristics 
LH0063/LH0063C 
(TJ=25°C, 
Vs=±15V, 
Rs=50kQ, 
RL=50Q) 


Limits 


Parameter 
Conditions 
LH0063 
LH0063C 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Slew 
Rate 
RL=1.0kQ, 
V1N=±10V 
6000 
6000 
VII's 


Slew 
Rate 
RL=50Q, 
VIN=±10V, 
TJ=25°C 
2000 
2400 
2000 
2400 
VII's 


Bandwidth 
V'N=1.0Vrms 
200 
200 
MHz 


Phase 
Non-Linearity 
BW= 
1.0 to 20MHz 
2.0 
2.0 
degrees 


Rise Time 
AVIN=0.5V 
1.6 
1.9 
ns 


Propagation 
Delay 
AVIN =0.5V 
1.9 
2.1 
ns 


Harmonic 
Distortion 
<0.1 
<0.1 
% 


Note 1: Unless otherwise 
specified, 
these specifications 
apply for +15V applied to pins 1 and 12, -15V applied to pins 9 and 10, and pin 
6 shorted to pin 7 for the LHOO33/LHOO33C.For the LH0063/LHOO63C,specifilcations 
apply for +15V applied to pins 1 and 2, -15V applied 
to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise 
noted, specifications 
apply over a temperature 
range of -55°C •• TJ" 
+125°C 
for the LHOO33and LH0063; and -25°C •• TJ •• +85°C for the LHOO33Cand LHOO63C.Typical values shown are for TJ = 25°C. 
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Recommended 
layout 
Precautions; 
RF/video 
printed 
circuit 
board 
layout 
rules 
should 
be fol- 
lowed 
when 
using 
the 
LH0033 
and 
LH0063 
since 
they 
will 
provide 
power 
gain 
to 
frequencies 
over 


100 
MHz. 
Ground 
planes 
are 
recommended 
and 
power 
supplies 
should 
be decoupled 
at each 
device 
with 
low inductance 
capacitors. 
In addition, 
ground 
plane 
shielding 
may 
be extended 
to the 
metal 
case 
of 
the 
device 
since 
it is electrically 
isolated 
from 


internal 
circuitry. 
Alternatively 
the 
case should 
be 
connected 
to the 
output 
to minimize 
input 
capaci- 
tance. 


1,0 
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OffSET 


ADJUST 


Offset 
Voltage 
Adjustment; 
Both 
the 
LH0033's 
and 
lH0063's 
offset 
voltages 
have 
been 
actively 
trimmed 
by laser to meet 
guaranteed 
specifications 
when 
the 
offset 
preset 
pin 
is shorted 
to the offset 
adjust 
pin. 
This 
pre-calibration 
allows 
the 
devices 
to 
be used 
in most 
DC or AC applications 
without 
individually 
offset 
nulling 
each 
device. 
If offset 


null 
is desirable, 
it is simply 
obtained 
by 
leaving 
the 
offset 
preset 
pin 
open 
and 
connecting 
a trim 
pot 
of 
lOOn 
for 
the 
lH0033 
or 
1 kn 
for 
the 
lHOO63 
between 
the 
offset 
adjust 
pin 
and 
V 
as illustrated 
in Figures 
1 and 
2. 
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Operation 
from 
Single 
or 
Asymmetrical 
Power 
Supplies: 
Both device types may be readily used 


in 
applications 
where 
symmetrical 
supplies are 
unavailable or not desirable. A typical application 
might 
be an interface 
to 
a MOS shift 
register 


where V+ 
= +5V 
and V- 
= -12V. 
In this case, 


an apparent output 
offset occurs due to the de· 
vice's voltage gain of lessthan unity. This additional 
output offset error may be predicted by: 


where: 


Av 
= No load voltage gain, typically 
.99 


For the above example, AVo 
would be -35 
mY. 
This 
may 
be adjusted 
to 
zero as described 
in 


Section 2. For AC coupled applications, 
no addi· 
tional 
offset 
occurs if the DC input 
is properly 
biased as illustrated 
in the "typical 
applications" 
section. 


Short 
Circuit 
Protection: 
In 
order 
to 
optimize 
transient 
response and output 
swing, output 
cur· 
rent 
limit 
has been omitted 
from 
the 
LH0033 


and 
LH0063. 
Short 
circuit 
protection 
may 
be 
added 
by 
inserting 
appropriate 
value 
resistors 


between V+ and Vc + pins and V- 
and Vc - pins 


as illustrated 
in Figures 3 and 4. Resistor values 
may be predicted 
by: 


V+ 
V 


RUM =- 
Isc 
Isc 


Isc 
"" 
100 mA for LH0033 


Isc 
"" 250 mA for LH0063 


The inclusion of limiting 
resistors in the collectors 
of the output 
transistors reduces output 
voltage 
swing. 
Decoupling 
Vc + and Vc - 
pins with 
ca· 


pacitors to 
ground 
will 
retain 
full 
output 
swing 
for transient pulses. Alternate 
active current limit 
techniques that 
retain full 
DC output 
swing are 
shown in Figures 5, 6 and 7. In Figures 5 and 6, 
the current 
sources are saturated during 
normal 


operation 
thus apply full 
supply voltage to 
the 
Vc 
pins. Under fault 
conditions. 
the voltage de· 
creasesas required by the overload. For Figure 5: 


VSE 
.6V 
RUM 
=-- 
Isc 
60 mA 


In 
Figure 6. quad transistor 
arrays are used to 
minimize can count and: 


~ 
= __ 
.6_V__ 
= B.2>2 


1/3 (Iscl 
1/3 (200 mAl 


Capacitive Loading: Both the LH0033 and LH0063 
are designed to drive capacitive 
loads such as co- 
axial cables in excess of several thousand picofarads 
without 
susceptibility 
to 
oscillation. 
However, 


peak current 
resulting from (C X dv/dtl 
should be 
limited 
below 
absolute 
maximum 
peak 
current 
ratings for 
the devices. 


Thus for 
the 
LH0033: 


(t1:~N) 


(t1~~N) X CL ~ lOUT ~ 
±250 
mA 
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amp output 
and the input 
of LH0033. 
The wide 


bandwidths 
and high 
slew rates of 
the LH0033 
and LH0063 
assure that 
the loop has the charac· 


teristics of the op amp and that additional 
rollof! 
is not required. 


Hardware: 
In 
order 
to 
utilize 
the 
full 
drive 


capabilities 
of 
both 
devices, 
each 
should 
be 


mounted 
with 
a heat 
sink 
particularly 
for 
ex- 


tended temperature 
operation. 
The cases of both 
are isolated 
from 
the 
circuit 
and may 
be con- 


nected 
to 
system 
chassis. 


Pdiss 
~ 
PDC + PAC 


pkg 


Pdiss ~ 
(V+ - V-I 
X Is + PAC 


Okg 


PAC "" 
(Vp_p)' 
X f 
X CL 


where 
Vp•p 
= Peak-to-peak output 
voltage swing 


f = frequency 


CL = Load Capacitance 


Power 
supply 
bypassing is necessary to 
prevent 


oscillation 
with 
both the LH0033 
and LH0063 
in 
all circuits. 
Low inductance ceramic disc capacitors 
with 
the shortest 
practical 
lead lengths must be 


connected 
from 
each supply 
lead (within < Y.. to 


Y,' 
of 
the 
device 
package) 
to 
a ground 
plane. 


Capacitors should be one or two O.1pF in parallel 
for 
the 
LH0033; 
adding 
a 4.7pF 
solid tantalum 


capacitor 
will 
help in troublesome 
instances. For 
the 
LH0063, 
two 
O.1pF ceramic and one 4.7pF 


solid tantalum 
capacitors in parallel will 
be neces- 
sary on each supply lead. 


Operation 
Within 
an Op Amp 
Loop: 
Both devices 
may 
be used as a current 
booster 
or 
isolation 


buffer 
within 
a closed loop 
with 
op amps such 


as LH0032, 
LH0062, 
or 
LM 118. 
An 
isolation 
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~8 
LHOO44Series Precision Low Noise 
:x: 
Operational Amplifiers 
-' 


The LH0044 Series is a low noise, ultra-stable, high gain, 
precision operational amplifier family intended to replace 
either chopper-stabilized 
monolithic 
or modular 
ampli- 
fiers. The devices are particularly 
suited for differential 
mode, 
inverting, 
and non-inverting 
mode applications 
requiring 
very 
low initial 
offset, 
low offset 
drift, 
very 


high 
gain, high CMRR, 
and high 
PSRR. In addition, 


the 
LH0044 
Series' low 
initial 
offset 
and offset 
drift 


eliminate 
costly 
and time consuming null adjustments 
at the systems level. The superior performance afforded 
by 
the 
LH0044 
Series is made possible by 
advanced 


processing 
and 
testing 
techniques, 
as well 
as active 


laser trim 
of critical 
metal film 
resistors to minimize 
offset 
voltage and drift. 
Unique construction 
eliminates 
thermal 
feedback effects. 


The 
LH0044 
Series is an excellent 
choice for a wide 
range of 
precision 
applications 
including 
strain 
gauge 
bridges, thermocouple 
amplifiers, 
and ultrastable 
refer- 
ence 
amplifiers. 
The 
LH0044 
and 
LH0044A 
are 


guaranteed 
over 
the 
temperature 
range of 
-55°C 
to 
+125°C, 
and the LH0044AC, 
LH0044B, 
and LH0044C 
are guaranteed 
from 
-25°C 
to 
+85°C. 
The device is 
available 
in 
standard 
TO-5 
op 
amp 
pin 
out 
and 
is 


compatible 
with 
LM108A, 
LM725, 
and LM741 
type 
amplifiers. 


• 
Low input offset voltage 
251lV max 


• 
Excellent long-term stability 
±1IlV/month 
max 


• 
Low offset drift 
0.51lVfc max 


• 
Very low noise 
0.7IlVp-p 
max 0.1' Hz to 10 Hz 


• 
HighCMRRandPSRR 
120dBmin 


• 
High open loop gain 
120 dB min 


• 
Wide common-mode range 
±13V min 


• 
Wide supply voltage range 
±2V to ±20V 


AS 


INVERTING 
2 
50. 


INPUT 
., 
02 
•• 


NON-INVERTING 
, 
50. 


INPUT 


Order Number 
LH0044H, 


LH0044AH, 
LH0044CH, 
LH0044ACH, 


LH00448H 
See Package HOS8 


r- 
::I: 


Absolute 
Maximum 
Ratings 
00 


Supply 
Voltage 
±20V 
Operating 
Temperature 
Range 
:t 
Power Dissipation 
600 mW 
LH0044, 
LH0044A 
-55'C 
to +125'C 


Differential Input Voltage (Note 4) 
±lV 
LH0044AC,LH0044B, 
LH0044C 
-25'C 
to +B5'C 
en 
Input Voltage (Note 5) 
±15V 
Storage 
Temperature 
Range 
-65'C 
to +150'C 


Output 
Short-Circuit 
Duration 
Continuous 
Lead Temperature 
(Soldering, 
10 seconds) 
300'C 
CD 
"" 


DC Electrical 
Characteristics 
(Note 1) 
(ii" 
en 


LIMITS 


PARAMETER 
CONOITIONS 
LH0044A/LH0044AC 
LHOO44/LH0044B/LH0044C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
TA = 25'C, 
Rs = 5011,VCM 
= OV 
8 
25 
12 
50 
/lV 


LH0044C Only 
100 
/lV 


Input Offset Voltage 
Rs = 5011, VCM 
= OV 
55 
180 
/lV 
LH0044A and LHOQ448 Only 
75 
80 
/lV 


Average Input Offset Voltage Drift 
TM1N ~TA 
::;TMAX 
0.1 
0.5 
0.2 
1.3 
/lvtc 
LH00448 Only 
0.5 
/lvtc 


Long-Term Stability 
(Note 21 
0.2 
1 
0.3 
2 
pV/month 


Input Noise Voltage (Note 3) 
8W = 0.1 Hz to 10Hz, 
Rs = 5011 
0.35 
0.7 
0.35 
0.8 
/lVp,p 


Rs"" 
10 kn 
Imbalance 
0.50 
0.9 
0.50 
1.0 
/lVp,p 


Thermal Feedback Coefficient 
0.005 
0.005 
/lV/mW 


Open Loop Voltage Gain 
RL = 10kl1 
120 
145 
114 
140 
dB • 


Common-Mode 
Rejection 
Ratio 
-10V 5 VCM 5 + 10V 
120 
145 
114 
140 
dB 


Power Supply Rejection Ratio 
±3V -:; Vs ~ ±18V 
120 
145 
114 
140 
d8 


Input Voltage Range 
±13 
±13.8 
±12 
±13.5 
V 


Output Voltage Swing 
RL = 10 kl1 
±13 
±13.7 
±12 
±13.5 
V 


Input Offset Current 
2SoC'S"TA'S"TMAX 
1.0 
2.5 
1.5 
5.0 
nA 


TM1N 'S"TA <2SoC 
5.0 
10.0 
nA 


Average Input Offset Current Drift 
5 
40 
15 
80 
pAtC 


Input Bias Current 
2SoC 'S"TA ~ T MAX 
8.5 
15 
10 
30 
nA 
TMtN 
'S"TA <2SoC 
50 
100 
nA 


Average Input Bias Current Drift 
50 
300 
100 
600 
pAtC 


Differential 
Input Impedance 
5 
10 
2.5 
8 
MI1 


Common-Mode Input Impedance 
2 x 1011 
2 X 10" 
11 


Supply Current 
IL = 0 
0.9 
3.0 
1.0 
4.0 
mA 


Power Dissipation 
27 
90 
30 
120 
mW 


Rs = 1 kl1. fo = 10 Hz 
Rs = 1 kl1, f 0 = 1 kHz 


Av::+1, 
RL 
= 10kn, 
VIN 
=±10V 


Av = +1, 
RL = 10 kl1, 
V'N = ±10V 


Av =+100,V1N 
=-100mV,AV1N 
= 200 mV 


Av =+1, 
RL = 10kl1 


Av :: +1, 
RL:: 
10 kn, 
V1N = 10 mV 


Av = +1, 
RL = 10 kl1, 
V'N = 10 mV, CL = 100 pF 


TYP 
UNITS 


11 
nVlVHz 


9 
nV/VHz 


0.06 
V//ls 


1 
kHz 


5 
/lS 


400 
kHz 


2.5 
/lS 


10 
% 


Small Signal Bandwidth 


Small Signal Rise Time 


Note 
1: 
Atl 
specifications 
apply 
for 
all device grades, at Vs 
= ±15V, 
and from 
TMIN 
to TMAX 
unless otherwise 
specified. 
TMIN 
is-5SoCand 
TMAX 
is +125'C 
for 
the LH0044A 
and LH0044. 
TMIN 
is -25'C 
and TMAX 
is +85'C 
for the LH0044AC, 
LH0044B 
and LH0044C. 
Typicals 
are 
given for T A = 25° C. 


Note 2: 
This 
parameter 
is not 100% 
tested; however, 
90% of the devices are guaranteed 
to meet this specification 
after one month 
of operation 


and after initial 
turn-on 
stabilization. 


Note 3: 
Noise is 100% tested on the LH0044A, 
LH0044AC 
and LH00448 
only. 90% of the LH0044 
and LH0044C 
devices are guaranteed 
to meet 
this specification. 


Note 4: 
The 
inputs are shunted 
by back-to-back 
diodes for over-voltage 
protection. 
Excessive current 
will 
flow 
for differential 
input 
voltages in 


excess of 1V. I nput current 
should be limited 
to less than 1 mA. 


Note 5: 
For supply voltages less than ±15V, 
the absolute 
maximum 
input voltage is equal to the supply voltage. 


Typical 
Performance 
Characteristics 


Total 
Input 
Noise 
Voltage vs Frequency 
Input Bias Current 
Input Voltage Range 
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!15V 
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~ 
~ 
•• 
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z 
A 
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~ 
5 
" 
5 
z 
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•... 
:= 
t 
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'0 
'00 
1k 
'Ok 
lOOk 
0 
,5 
:dO 
±15 
,20 
0 
,5 
110 
,'5 
,20 


FREQUENCY 
(Hz) 
SUPPl Y VOLTAGE 
(V) 
SUPPl 
Y VOL TAGE 
(V) 


Input Bias Current vs Common- 
Supply Current vs 
Open Loop Frequency 
Mode Input Voltage 
Supply Voltage 
Response 
" 


1.2 


I 
I 


'60 


V;"~V 
Vs 
z .!.15V 


fA =25"C 
1.1 


I 


140 
! 
10.5 
., 
TA" 
-55"C 
- 


Rl" 
10k 
~ 
1.0 
TA 
=25"C 
.I:>J::: 
~ 
120 " 


TA" 
25"C 
; 
•... 


0.9 
iOi" 
z 
'00 
'0 
z 
~ 
T 
" 
B 
'" 


l....ol 
~ 
'" 
0.8 
80 
~ , 
fA*' 
+12S"C 
:;! 
'.5 
u 
~ 
•• 
> 
0.7 
~ 
60 
i 
~ 
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> 
40 
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0.5 
20 


7.5 
0.4 
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-5 
0 
5 
'0 
'5 
0 
,5 
dO 
!15 
"0 
0.01 
0.' , 
10 
'00 
1k 
10k lOOk 1M 


COMMON.MOOE INPUT VOLTAGE (Vl 
SUPPl 
Y VOLTAGE 
(V) 
FREQUENCY 
(Hz) 


Large Signal 
Voltage 
large Signal Pulse 
Response 
Output Swing 
Response 


.!12 - 
ITllll 


.1'.15 
'5 
Vs =:t.15V 
~ 
- 


Vs:: ·15V 
I 
:!:10 
RL" 
10k 
TAI. 12~'C 
\ 
'0 
~ 
fA 
= 25"C 
~ 
/ 
z 
~ 
~ 
,8 - 
:dO 
~ 
~ 
5 
\ 
~ 
z 
" 
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,6 - 
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•... 
c 
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T.•. " 25°C 
> 
/ 
~ 
~ 
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Vs - :t15V 


•... 
,4 - 
•... 
,5 
~ 
k- 
~ 
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-5 
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RL -10k 
•... 
c 
TA' 
-55·C 
- 
~ 
Cs: 
O.O'pF \ 
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~ 
'2 
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-'0 


0 - 
"- 
-15 


'00 
1k 
'Ok 
lOOk 
0 
,2 
,4 
,6 
.8 
0 
0.2 
0.4 
0.6 
0.8 
1.0 
'2 
1.4 


FREQUENCY 
(Hz) 
OUTPUT 
CURRENT 
(mAl 
TIME 
(msl 


Power Supply Rejection 
Ratio vs Frequency 
CMRR 
vs Frequency 
Maximum 
Power Dissipation 


160 


111111111 
I 
'40 
I 
I 


800 
- 
" 
'40 
Vs "±15V 
120 
Vs" 
±15V 
700 
'\ 
.}. Vs "±10V 
"- 


CASE 
120 'II 


.}.V" 
~10V 
600 
'00 
'\ 
T.•. "' 25 C 
"- 
'\ 


100 


"" 
~ 
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- 
- 
80 
1"- 
~ 
"'- 
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80 
'" 
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~ 
'" 
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0: 
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~ 
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~ 
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40 
40 
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'M 
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25 
50 
75 
'00 
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FREOUENCY 
(Hz) 
FREOUENCY 
(Hz) 
TEMPERATURE 
lOCI 


Achieving 
ultra-low 
drift 
in 
practical 
applications 
requires strict 
attention 
to board layout, 
thermocouple 
effects, and input guarding. For specific recommendations 
refer to AN-63 and AN- 79. 


A point worth 
stressing with regard to low drift 
specifica- 


tions 
is testing 
of 
the 
LH0044. 
Simply 
stated-it 
is 
virtually 
impossible 
to test the device using a thermo- 
probe 
or 
other 
form 
of 
local 
heating. 
A 
one degree 
centigrade 
temperature 
gradient 
can account 
for 
tens 
of microvolts 
of virtual 
offset 
(or driftl. 
The test circuit 


of Figure 
1 is recommended 
for use in a stabilized 
oven 


or continuously 
stirred 
oil 
bath with 
the entire circuit 


inside the oven or bath. Isothermal 
layout of the resistors 


is advised in order 
to minimize 
thermocouple 
induced 
EMF's. 


I 
:>-+I5V 
I 


01"FI 
I 


~VO"'· 
I 
IOOOV05 


I 


~-15V 
I 
I 


I~ 


EDGE 
- 


CONNECTOR 


The 
LH0044 
may 
be 
overcompensated 
in 
order 
to 
minimize 
noise 
bandwidth 
by 
paralleling 
the 
internal 


100 p F capacitor 
with 
an external 
capacitor 
connected 


between 
pins 
1 and 6. Unity 
gain frequency 
may be 
predicted 
by: 


For closed loop gains in excess of 10, no external 
com- 


ponents 
are required 
for 
frequency 
stability. 
However, 


for 
gains of 
10 
or 
less, a O.OlIlF 
disc 
capacitor 
is 


recommended 
between 
pin 7 (V+) 
and pin 8 (Comp). 


An 
improvement 
in ac PSRR will 
also be realized 
by 


use of the O.OlIlF 
capacitor. 


In general, further 
nulling of LH0044 
is neither necessary 


nor recommended. 
For most applications 
the specified 


initial 
offset 
is sufficient. 


However, 
for 
those 
applications 
requiring 
additional 
null, 
an obvious 
temptation 
might 
be to 
place a pot 


between 
pins 1 and 8 with 
the wiper 
returned 
to 
V+. 


This 
technique 
will 
usually 
result 
in reduced gain and 


increased offset 
drift 
due to mismatch 
in the TCR 
of 


the pot and R1 and R2. The technique 
is, therefore, 
not 


generally recommended. 


The 
recommended 
technique 
for 
offset 
nulling 
the 


LH0044 
is shown 
in Figure 
2. Null 
is accomplished 
in 
Az and all errors are divided 
by the closed loop gain of 


the 
LH0044. 
Additional 
offset 
and drift 
incurred 
due 


to use of Az is less than 1IlV/V 
for V+ and V- changes 
and O.OlIlV tc drift 
for the values shown in Figure 
2. 


-15V 


STANDARD 


~ 
CUl 


OVERALL 
INPUT 
STAGE 
OUTPUT 
STAGE 
JUMPER 
PINS 


GAIN 
GAIN 
GAIN 
ON RA201 


Xl 
Xl 
Xl 
- 


X2 
Xl 
X2 
5107,121010 
X5 
Xl 
X5 
6 to 7,11 
1010 
XlO 
XlO 
Xl 
2 to 15 
X2D 
XID 
X2 
2to 
15, 5to 
7, 12 to 10 
XSO 
XID 
X5 
2 to 15, 6 to 7, 11 to 10 
XIOO 
X100 
Xl 
1 to 16 
X2DO 
Xl0D 
X2 
1to16,St07,12to10 
XSOD 
XlOD 
X5 
1 to16,6t07,11 
10 10 
X995 
Xl99 
X5 
1 to14,6107, 
11 to 10 


~National 
~ 
Semiconductor 
Operational Amplifiersl Buffers 


The 
LH0045/LH0045C 
Two 
Wire 
Transmitters 


are 
linear 
integrated 
circuits 
designed 
to 
convert 


the 
voltage 
from 
a sensor 
to 
a current, 
and 
send 


it through 
to a receiver, 
utilizing 
the 
same 
simple 


twisted 
pair 
as the 
supply 
voltage. 


The 
LH0045 
and 
LH0045C 
contain 
an 
internal 


reference 
designed 
to 
power 
the 
sensor 
bridge, 


a sensitive 
input 
amplifier, 
and 
an output 
current 


source. 
The 
output 
current 
scale 
can 
be adjusted 
to 
match 
the 
industry 
standards 
of 
4.0 
mA 
to 


20 
mA 
or 
10 
mA 
to 
50 
mA. 


Designed 
for use with 
various 
sensors, 
the 
LH00451 


LH0045C 
will interface 
with 
thermocouples, 
strain 


gauges, 
or 
thermistors. 
The 
use 
of 
the 
power 


supply 
leads 
as the 
signal 
output 
eliminates 
two 


or 
three 
extra 
wires 
in remote 
signal 
applications. 
Also, 
current 
output 
minimizes 
susceptibility 
to 


voltage 
noise 
spikes 
and 
eliminates 
line 
drop 
problems. 


> 101lA!iN 


1.OmV 


2.0 nA 


10V 
to 
50V 
• 
Single 
supply 
operation 


• 
Programmable 
bridge 
reference 
(LH0045G) 


• 
Over 
compensation 
capability 


• 
Supply 
reversal 
protection 


The 
LH0045/LH0045C 
is intended 
to fulfill 
a wide 


variety 
of 
process 
control, 
instrumentation, 
and 
data 
acquisition 
applications. 
The 
LH0045 
is 


guaranteed 
over 
the temperature 
range 
of -55°C 
to 


+125°C; 
whereas 
the 
LH0045C 
is guaranteed 
from 
-25°C 
to +85°C. 


'V."\ 


ADJUST 


OYER 
COMPENSATION 


TOPVI(W 
,,.OTEP1N5ISSHORTEOTOPIN6TOOBTAINA 


NOMINAl-SIV.VA 
•• 
lHTOPENV"" 
'IOV 


THE 
CASE 
IS 
lSOlATED 
fROM 
THE 
CIRCUIT 


fOA 
80TH 
T03 
AND 
Jol 


Order Number LH0045G 
or LH0045CG 
See Package H128 


TO-3 


r- 


Absolute Maximum Ratings 
:I: 
00 
~ 
Supply 
Voltage 
(L1 to common) 
+50V 
S!! 


Input 
Current 
±20 
mA 
r- 


Input Voltage (Either Input to Common) 
OVto VREF 
:I: 


Differential 
Input Voltage 
±20 V 
0 


Output 
Current 
(Either L1 or L2) 
50mA 
0 


Reference 
Output 
Current 
5.0 mA 
~c.n 


Power Dissipation 
C') 
LH0045G 
1.5W 
LH0045K 
3.0W 


Operating 
Temperature 
Range 


LH0045 
-55°C to +125°C 


LH0045C 
-25°C 
to +85°C 


Storage Temperature 
Range 
-65°C 
to +150oC 


Lead Temperature 
(Soldering, 10 seconds) 
300°C 


Electrical Characteristics 
(Note 1) 


LIMITS 


PARAMETER 
CONDITIONS 
LH0045 
LH0045C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
(Vos) 
Is '" 4.0 mA, T A 
= 2Soc 
0.7 
2.0 
2.0 
7.5 
mV • 


Is = 4.0 mA 
3.0 
10 
mV 


Offset 
Voltage 
Temperature 
Is:: 
4.0 mA 
3.0 
6.0 
jJ.V/oC 


Coefficient 
(AVos/AT) 


Input 
Bias Current 
(Ie) 
TA=2SoC 
0.8 
2.0 
1.5 
7.0 
nA 


3.0 
10 
nA 


Input 
Offset 
Current 
(los) 
TA 
= 2SoC 
0.05 
0.2 
0.2 
1.0 
nA 
0.4 
1.5 
nA 


Open Loop 
Als 
= 4.0 mA 
to 20 mA 
10" 
la' 
10" 
10' 
~U 


Transconductance (gMoLI 
Als 
:: 10 mA to 50 mA 
2.10" 
2xl07 
2.10" 
2xl07 
~U 


Supply 
Voltage 
Range 
(Vs) 
9.0 
50 
9.0 
50 
V 


LHOO45G 
pins 
5 and 6 open 
15 
50 
15 
50 
V 


Input 
Voltage 
Range 
(VINI 
1.0 
3.3 
1.0 
3.3 
V 


LHOO45G 
pins 
5 and 6 open 
1.0 
7.6 
1.0 
7.6 
V 


Open 
Loop 
Output 
Vs = lOV to 45V, 
Is = 4.0 mA, 
1.0 
1.0 
Mn 


Impedance 
(ROUT) 
TA=25°C 


Common 
Mode 
Rejection 
6VlN 
= 1.0V to 3.3V, 
0.1 
0.05 
0.1 
0.05 
mV/V 


Ratio 
(CMRR) 
Is = 12mA 


Power 
Supply 
Rejection 
f::!Vs 
= lQV 
to 45V, 
Is = 12 mA 
0.1 
0.01 
0.1 
0.01 
mV/V 


Ratio 
(PSRRI 


Open 
Loop 
Supply 
Current 
Vs 
::: SOV 
2.0 
3.0 
2.0 
3.0 
mA 


(IsoLI 


Reference 
Voltage 
Load 
~I REF::: 
0 mA 
to 2.0 mA, 
0.05 
0.2 
0.05 
0.2 
% 


RegJlation 
(~VREF/~IREF) 
TA:c 
2SoC 


Reference 
Voltage 
Line 
~Vs 
'" 10V 
to 4SV, 
0.3 
0.5 
0.3 
0.7 
mVtv 


RegJlation 
{~VREF/~Vsl 
TA 
'" 2SoC 


Reference 
Voltage 
Temperature 
IREF 
'" 2.0 mA 
0.004 
0.004 
%fC 


Coefficient 
(~VREF/~Tl 


Reference 
Voltage 
(VREF) 
IR"EF '" 2.0 mA, 
TA 
= 2SoC 
4.3 
5.1 
5.9 
4.3 
5.1 
5.9 
V 


IREF 
= 2.0 mA. 
TA 
= 2SoC, 
8.6 
10.3 
12 
8.6 
10.3 
12 
V 


LHOO4SG 
pins 
5 and 6 open 


Resistor 
R9 
Is'" 
12 mA, 
T A'" 
2SoC 
95 
100 
105 
95 
100 
105 
n 


Average 
Temperature 
Is'" 
12 mA 
50 
300 
50 
300 
PPM/oC 


Coefficient 
of 
R9 (TCRg) 


Resistor 
RS 
Is '" 1.0 mA, 
T A = 2SoC 
950 
1000 
1050 
950 
1000 
1050 
n 


Average 
Temperature 
Is'" 
1.0mA 
50 
300 
50 
300 
PPMfc 


Coefficient 
of 
RS (TCRsl 


Input 
Resistance 
IR1NI 
TA 
'" 2SoC 
50 
50 
Mn 
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vs Frequency 
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Instrumentation 
Amplifier 
Transmitter 


The 
2.51lA 
imbalance causes a voltage 
rise of 
(2.5IlA) 
x (1OOn) or 250IlV 
at the top of RB3. 


Terminal 
L2 may be viewed as the output 
of an 
op amp whose closed loop gain is approximately 
RF IRB3 
= 1600. 


A simplified 
schematic of the LH0045/LH0045C 
is shown in 
Figure 
1. Differential 
amplifier. 
A2 


converts very low level signals to an output current 
via transistor 
Q1. Reference voltage diode D1 is 
used to 
supply voltage for operation 
of A2 
and 
to 
bias 
an 
external 
bridge. 
Current 
source 
I, 
minimizes 
fluctuation 
in 
the 
·bridge 
reference 
voltage due to changes in Vs. 


The 
250llV 
rise 
at 
the 
top 
of 
RB3 
causes a 
voltage drop of (1600) x (250IlV) or -O.4V across 
R9. An output 
current, 
Is, equal to 0.4V/R9 
or 
4.0 mA is thus established in Q1. If RB4 
is now 


decreased by 1.0n 
(due to application 
of a strain 
force), 
a -1.0 
mV change in input 
voltage will 


result. 
This 
causes L2 
to 
drop 
to 
-2.0V. 
The 
output current would then be 2.0V/1 oon or 20 mA 
(Full 
Scale). If 
RB3 
is a resistor of 
the same 


material 
as RB4 
but not subjected to the strain, 


temperature drift 
effects will 
be equal in the two 


legs and will cancel. 


In 
normal 
operation, 
the 
LH0045/LH0045C 
is 
used 
in 
conjunction 
with 
an 
external 
bridge 


comprised 
of 
RB1 
through 
RB4. 
The 
bridge 
resistors in conjunction with bridge return resistor, 
R5, bias A2 
in its linear region and sensethe input 


signal; e.g. RB4 might be a strain sensitive resistor 
in astrain gaugebridge. RT is adjusted to purposely 
unbalance the bridge for 
4.0 mA 
output 
(null) 


for 
zero signal input. 
This 
is accomplished 
by 
forcing 2.51lA more through RB3 than RB4. 


In actual practice the loading effects of RB2 
on 
the gain (span) and RF on output current must be 
taken into account. 


'JL2 = -0.4V (NUlll 
\lu = -2.0V 
(FUll 
SCALE) 


FIGURE 
1. LH0045 Simplified Schematic 


The 
power 
output 
transistor 
of 
the 
LH0045 
is 
thermally 
isolated 
from 
the 
signal 
amplifier, 
A2. 
Nevertheless, 
a change 
in 
the 
power 
dissipation 


will 
cause 
a 
change 
in 
the 
temperature 
of 
the 
package 
and 
thus 
may 
cause 
amplifier 
drift. 
These 
temperature 
excursions 
may 
be 
minimized 
by 
careful 
heat 
sinking 
to hold 
the 
case 
temperature 
equal 
to the 
ambient. 
With 
the 
TO·8 
(G) package 
this 
is best 
accomplished 
by 
a c1ip·on 
heat 
sink 
such 
as the 
Thermalloy 
#2240A 
or the 
Wakefield 
#215·CB. 
The 81ead 
TO·3 is particularly 
convenient 
for 
heat 
sinking, 
in that 
it may 
be bolted 
directly 
to 
many 
commercial 
aluminum 
heat 
sink 
extru· 


sions, 
or to 
the 
chassis. 
In both 
packages 
the 
case 
is electrically 
isolated 
from 
the circuit. 


In addition, 
the 
power 
change 
can 
be minimized 


by operating 
the device 
from 
relatively 
high supply 
voltages 
in series 
with 
a relatively 
high 
load resist· 


ance. 
When 
the 
signal 
forces 
the 
supply 
current 
higher, 
the 
voltage 
across 
the 
device 
will 
be 
reduced 
and 
the 
internal 
power 
dissipation 
kept 
nearly 
equal 
to 
the 
low 
current, 
high 
voltage 
condition. 


For 
example, 
take 
the 
case 
of a 4.0 mA to 20 mA 


transmitter 
with 
a 24V 
supply 
and 
a lOOn 
load 


resistance. 
The 
power 
at 4.0 
mA 
is (23.6V) 
x (4.0 


mAl 
= 94.4 
mW while 
at full 
scale 
the 
power 
is 
(22V) 
x (20 
mAl 
= 440 
mW. 
The 
net 
change 
in 
power 
is 345 
mW. This change 
in power 
will cause 
a 
change 
in 
temperature 
and 
thus 
a change 
in 


offset 
voltage 
of 
A2. 


If 
the 
optimum 
load 
resistance 
of 
800n 
(from 
Figure 
2) 
is used, 
the 
power 
at 
null 
is [24V 
- 
(4.0 
mAl 
x 
(800n)] 
(4.0 
mAl 
= 83 
mW. 
The 
power 
at 
full 
scale 
is [24V 
- 
(20 
mAl 
x (800n)] 
(20 
mAl 
= 160 
mW. 
The 
net 
change 
is 77 
mW. 
This 
change 
is significantly 
less than 
without 
the 
resistor. 


If the 
supply 
voltage 
is increased 
to 48V 
and 
the 
load 
resistance 
chosen 
to 
be the 
optimum 
value 
from 
Figure 
2 (1.95kl. 
then 
the 
power 
at null 
is 
[48V 
- 
(4.0 
mAl 
x (1.95k)] 
(4.0 
mAl 
= 160.8 
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'0 
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mW 
and 
the 
power 
at full 
scale 
is [48 
- 
(20) 
x 
(1.95k)J 
(20 
mAl 
= 180 
mW for 
a net 
change 
of 


19.2 
mW. 


Note 
that 
the 
optimized 
load resistance 
is actually 
the 
sum 
of the 
line resistance, 
receiver 
resistances 
and 
added 
external 
load 
resistance. 
However, 
in 


many 
applications 
the 
line resistance 
and 
receiver 
resistances 
are 
negligible 
compared 
to 
the 
added 
external 
load 
resistance 
and 
thus 
may 
be omitted 
in calculations. 


The 
LH0045 
has several 
auxiliary 
pins designed 
to 
provide 
the 
user 
with 
enhanced 
flexibility 
and 


performance. 
The 
following 
is a discussion 
of pos· 
sible uses for these 
pins. 


Programmable 
VREF 
- 
Pins 
5 and 
6 
(LH0045G 
Only) 


The 
LH0045G 
provides 
pins 
5 and 
6 to allow 
the 
user 
to program 
the value 
of the 
reference 
voltage. 


The 
factory 
trimmed 
10V 
value 
is obtained 
by 
leaving 
5 and 
6 open. 
A short 
between 
5 and 
6 
will 
program 
the 
reference 
to 
a 
nominal 
5.1 V 


(equivalent 
to 
the 
fixed 
value 
used 
in 
the 


LH0045K). 


A 
resistor 
or 
pot 
may 
be 
placed 
between 
pin 
5 
and 
common 
(pin 
3) to obtain 
reference 
voltages 
between 
10V and 
30V 
or between 
pin 5 and pin 7 
for 
reference 
voltages 
below 
1OV. 
Increased 
ref· 
erence 
voltage 
might 
be 
useful 
to 
extend 
the 


positive 
common 
mode 
range 
or to accommodate 


transducers 
requiring 
higher 
supply 
voltage. 
A plot 
of 
resistance 
between 
pin 
5 
and 
pin 
3 
versus 


V REF 
is given in the typical 
electrical 
characteristics 
section. 
V REF 
may 
be adjusted 
about 
its nominal 
value 
by 
arranging 
a pot 
from 
VREF 
to common 
and 
feeding 
a resistor 
from 
the 
wiper 
into 
pin 
5 
so 
that 
it 
may 
either 
inject 
or 
extract 
current. 


Lastly, 
pin 
5 
may 
be 
used 
as 
a 
nominal 
1.7V 


reference 
point, 
if care 
is taken 
not 
to 
unduly 


load 
it 
with 
either 
de 
current 
or 
capacitance. 


Obviously, 
higher 
supply 
voltages 
must 
be 
used 


to obtain 
the higher 
reference 
values. 
The 
minimum 
supply 
voltage 
to 
reference 
voltage 
differential 
is 
about 
4.0V. 


An applications 
resistor 
is provided 
in the 
LH0045 
with 
a 
nominal 
value 
of 
1.0 
kn. 
The 
primary 
application 
for 
the 
resistor 
is 
to 
maintain 
the 


minimum 
common 
mode 
input 
voltage 
(1.0V) 


required 
by 
the 
signal 
amplifier, 
A2. 
A 
typical 
input 
application 
might 
utilize 
a strain 
gauge 
or 
thermistor 
bridge 
where 
the 
resistance 
of 
the 
sensor 
is lOOn. 
Since 
only 
1.0 mA 
may 
be drawn 


from 
VREF, 
the 
1.0 
kn 
bridge 
return 
resistor 
is 


used 
to 
bias 
A2 
in its Iinear 
region 
as shown 
in 


Figure 
3. 
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Over Compensation 
- 
Pin 8 (LH0045G), 
Pin 6 (LH0045K) 


Over compensation 
of the signal amplifier, A2 may 


be desirable 
in de applications 
where the noise- 
bandwidth 
must be minimized. A capacitor should 


be placed between pin 8 (pin 6 on the LH0045K) 
and pin 3, common. 


CeXT 
= External (over-compensation) 
Capacitor 


Pins 9 and 12 have no internal connection 
what- 


ever and thus need not be used. In some critical 
low current appl ications there may be an advantage 
to running a guard conductor 
between the inputs 
and the 
adjacent 
pins to intercept 
stray leakage 
currents. 
Pins 9 and 12 may be connected 
to this 


guard to simplify the PC board layout and allow 
the guard to continue under the device. (See AN-63 
for 
further 
discussion 
of guarding 
techniques.) 


Most 
applications 
of 
the 
LH0045 
will require 


potentiometers 
to trim the initial tolerances of the 


sensor, the external resistors and the LH0045 itself. 
The preferred adjustment 
procedure 
is to stimulate 
the sensor, alternating 
between two known values, 
such as zero and full scale. The span and null are 
adjusted 
by monitoring 
the output 
current 
on a 


chart recorder, meter, or oscilloscope. 
A full scale 
stimulus 
is applied 
to the sensor and the span 
potentiometer 
adjusted 
for the desired full scale. 


Then, 
to 
adjust 
the 
null, apply 
a zero percent 


signal to the sensor and adjust the null potentio- 
meter 
for 
the 
desired 
zero 
percent 
current 


indication. 


If it is impractical 
to cycle the sensor during the 


calibration 
procedure, 
the signal may be simulated 


electrically 
with two cautions; 
1) the calibration 


signal must be floating and 2) the calibration thus 
ach ieved does not account for sensor inaccuracies 
andlor errors in the signal generator. 


Generally it is easiest to use an insulated sensor. 
If it is necessary 
to use a grounded 
sensor, the 
power supply must be isolated from chassis ground 
to avoid extraneous 
circulating currents. 


There 
are numerous 
circuit 
configurations 
that 
may be utilized with the LH0045. The following 
is intended 
as a general 
design example 
which 
may be extended 
to specific cases. 


Output 
Characteristics 


a. 0% = 4.0 mA (NULL) 


b. 100% = 20 mA (SPAN = 16 mAl 


c. Supply Voltage = 24V 


Input (Sensor) Characteristics 


a. V1N 
100 mV (Full Scale) 


b. V1N 
0 mV (Zero Scale) 


c. Source Impedance 
-s: 1.0n 


General Characteristics 


a. O°C -s: TA 
-s: +75°C 


b. Overall Accuracy 
-s: 0.5% 


InpiJt bias current 
to the LH0045C is guaranteed 


less than 
10 nA. Furthermore, 
the change 
in IB 


over the temperature 
range of interest is typically 


under 
1.0 nA. If 12 SPAN 
is selected to be 1.0jJA 
(1000 
f!l. IB) errors due to f!l. IB/f!l. T will be less 


than 0.1%. For SPAN = 16 mA. 


where R9 = Internal Current Set Resistor = lOOn 
For 
12 
SPAN 
= LallA, 


VSPAN 
-1.6V 
RF = 
--- 
= -- 
= 1.6M 


12 SPAN 
LallA 


NOTE: 
For 
applications 
with 
DC gain (ratio 
of feed- 


back 
and 
input 
resistance) 
less than 
8, 
it 
is recom- 


mended 
that 
a 
Schottky 
barrier 
diode 
be 
connected 


between 
pin 
11 
(cathode) 
and 
pin 
3 
(anode). 
This 
prevents 
the 
possibility 
of 
latch 
up 
resulting 
from 
the 


inverting 
input 
being 
forced 
beyond 
the 
amplifier 


supply voltage during power up. 


The minimum 
input common mode voltage, VM1N 
required 
at 
the 
pin 
10 input 
of 
A2 
is 
1.0V. 
Furthermore, 
the 
maximum 
open 
loop 
supply 
current 
(ISOL) 
drawn by the LH0045 
is 3.0 mA. 
That leaves IM1N 
= 4.0 mA - 
3.0 mA = 1.0 mA 


left to bias the bridge at null. Hence: 


VM1N 
1.0V 


RS2 
~ 
1.0 kn 


IM1N 
1.0 mA 


R 
VREF-l.0V 


S2 
1.0V 


= 1.0k (5.1 - 1.0) 


RS1 =' 4.0 kn 


Alternatively, 
an LM113. 
1.22V reference diode. 
or an op amp such as the LM 108 may be used to 
bias the signal amplifier, 
A2 as shown in Figure 5. 
These techniques have the advantage of lowering 
the impedance seen at pin 10. 


Ros 
is selected to 
provide 
the null 
current 
of 


4.0 mA, 
V1 
NULL 
= 4.0 mA 
x lOOn 
= O.4V. 
From previous calculations we know that VM1N 
= 
1.0V. The voltage pin 11. V 2 is: 


V2 = VM1N 
+ Vos =' VM1N 


for V,N = OV 


Hence. the current 
required to generate the null 
voltage, 
12 NULL 
is: 


1.0V - (-0.4 V) 


1.6Mn 


This 
current 
must 
be 
provided 
by 
Ros 
from 
VREF; 
hence: 


VREF 
- 
VM1N 


Ros =------ 


12 NULL 


The nominal 
value for 
VREF 
is 5.1V, therefore 


the nominal 
value for 
Ros 
is: 


5.1V - 
1.0V 


0.8751lA 


Ros = 4.6 Mn 


It should be noted however •.that the variation 
of 


V REF 
may be as high as 5.9V or as low as 4.3V. 


Furthermore. 
the tolerances of R9 (lOOn), 
RS1' 


RS2• and the input Vos of A2 would predict values 
for Ros as low as 3.98M and as high as 5.43M. The 
implication 
is that in the specific case, Ros should 


be implemented 
with 
a pot, of appropriate 
value, 


in order to accommodate the tolerances of V REF. 
R9. Vos, 
RS1' RS2' etc. 


SPAN is required 
to be 16 mA. 
From feedback 


theory 
and the gain equation 
we know: 


total impedance in signal path between 
pin 10 and pin 11 


(V,N) 
(RF) 


(ISPAN) (R9) 


(100 mV) (1.6 Ml1) 


(16 mAl 
(lOOn) 


100 kn 


As before, uncertainties 
in device parameters might 


dictate 
that 
RF 
be made a pot 
of 
appropriate 
value. 


Summary of the Steps to Determine 
External 
Resistor Values 


1. 
Select (FULL SCALE = INULL + ISPAN for the 
desired 
application. 
(INULL 
is frequently 


4.0 
mA 
and 
IFULL 
SCALE 
is 
frequently 


20mA.) 


2. 
Select 12 SPAN so that it is large compared to 
~IB' 
1000 ~IB 
is a good value. 


1 VOLT 


RB2;::' 
----- 
INULL - ISOL 


VMIN 
minimum 
common 
mode 
input 
voltage 


1MIN 
minimum 
available bridge current 


ISOL 
maximum 
open loop 
supply 
current 


8. 
Determine 


VMIN - V2 NULL 
12 NULL = 
RF 


9. 
Determine 


VREF - VMIN 
Ros = ------ 
12NULL 


(V,N) 
(RF) 


(ISPAN) (R9) 


ERROR 
BUDGET 
ANALYSIS 


Errors Due to Change in VREF (~VREF) 


There 
are several factors 
which 
could 
cause a 
change in V REF. First, as the ambient temperature 
changes, 
a 
VREF 
drift 
of 
±0.2 
mVfC 
might 


be expected. 
Secondly, 
supply 
voltage variations 
could 
cause a 0.5 mV!V 
change in VREF. Lastly, 
self·heating 
due 
to 
power 
dissipation 
variations 
can cause drift 
of 
the 
reference. 


AVREF 
AVREF = [(8)(APolss) +ATAJ 


~ 
AT 
I 


Y 
Thermal 
Effects 


AVREF 
+--- 
IAVs) 


~ 
Supply Voltage Effects 


Thermal 
resistance, either 


junction-to·ambient 
to junction 


to case 


Reference voltage drift 
(in mVfC) 


Several 
steps 
may 
be 
taken 
to 
minimize 
the 


bracketed 
terms 
in 
the 
equation 
above. 
For 


example, operating the LH0045G 
with a heat-sink 


reduces the thermal resistance from 
(JJA = 83°C/W 


to 
(JJC 
= 
60°C/W. 
For 
the 
LH0045K 
(TO-3) 


(J JA = 40°C/W 
may be reduced to (J JC = 25°C/W 


by using a heat sink. The ~PDISS term 
may be 
significantly 
reduced 
using the 
power 
minimiza· 


tion 
technique 
described 
under 
"Thermal 
Con· 
siderations." 
For 
the design example, 
~PDISS is 


reduced from 
384 mW to 77 mW (RL = 800n.) 


Evaluating 
the 
LH0045G 
with 
a heat-sink 
and 


RL = 800n 
yields. 


(60°C 
0 )(0.2 mv) 
AVAEF 
= W 
(O.077WI 
+ 75 
C ----oc 


0.5mV 


+ 
-- 
(16VI 


V 


The 
LH0045K 
(TO-3) 
under the same operating 
conditions 
would 
exhibit 
a ~VREF 
"" 
23 mV. 


An 
expression 
for 
error 
in the 
output 
current 


due to 
Ll.VREF is: 


1%1= 100 IKI (RosJlAVREFI-Il-KIIAVREFJlRFJ 


(R9J1RosJllsPANI 


Change in output current from 
0% to 100% 


For example, 
Ll.VREF = 24 mV, 
K = 0.2, R9 = 
lOOn, 
ISPAN = 16 mA. Hence, a 0.12% worst case 
error might be expected in output currents due to 
LI.V REF effects. 


One of the primary causesof error in Is is caused 
by 
Vos 
drift. 
Drift 
may be induced 
either 
by 


self heating of the device or ambient temperature 
changes. The input offset voltage drift, 
Ll.Vos/Ll.T, 


is nominally 3.3/lV/oC per millivolt 
of initial offset. 
An expression for the total temperature dependent 
drift is: 


Thermal 
resistance either junction- 
to-ambient or junction-ta-case 


The bracketed 
term may be minimized 
by 
heat sinking and using the power minimiza- 
tion 
technique 
described 
under 
"Thermal 


Considerations." 
For the 
LH0045G 
design 


example, Ll.Vos = 0.352 mV under ambient 
conditions 
and 0.263 mV using a heat·sink 


and RL = BOOn. 
Comparable Vos 
for the 
LH0045K 
would 
be 0.254 mY. 


Ll.ls 
-- 
(in %) = 100 x 


ISPAN 


Ll.Vos 


V'N IFULL SCALE) 


RF 


(R)(R9)(ISPAN) 


For the design example, Ll.Vos = 0.263 mV, V'N 
(Full Scale) = 100 mY. Hence, 0.26 mV -;-100 mV 
or 0.26% worst 
case error could be expected in 
output 
current 
effects. 


The 
temperature 
coefficient 
of 
R9 
(TCR) 
will 


produce errors in the output 
current. Changes in 


R9 may be caused by self-heating of the device or 
by ambient temperature changes. 


Ll.ls 
Ll.R9 


-- 
(in %) = 100 -- 
(6 P01SS+ Ll.TA) 


ISPAN 
Ll.T 


Thermal 
resistance 
either 
from 


junction·to·ambient 
or junction-to- 
case 


Ll.R9 


Ll.T 


Using the 
LH0045G 
design example, Ll.R9/Ll.T = 
0.03%tC, 
hence a 3.2% worst caseerror in output 
current 
might be expected for operation without 
a heat sink over the temperature 
range. 


Heat sinking 
the device and using RL 
= BOOn, 
reduces Ll.ls/lsPAN to 2.3%. Comparable error for 
the 
LH0045K 
would 
also be about 
2.3%. 


The 
error 
analysis 
indicates 
that 
the 
internal 
current 
set resistor, 
R9 is inadequate to 
satisfy 


high accuracy design criterion. 
In these instances, 
an external 
lOOn 
resistor should be substituted 


for R9. 


Obviously, the TCR of the resistor should be low. 
Metal film 
or wire-wound 
resistors are the best 
choice offering TCR's less than 10 ppmtC 
versus 


50 ppmtC 
typical drift for R9. 


The components external to the LH0045 are also 
critical 
in 
determining 
errors. 
Specifically, 
the 
composition 
of 
resistors RS1' 
Ros, 
RF, R, etc. 


in 
the design example will 
influence 
both 
drift 
and long term 
stability_ 


In particular, 
resistors and potentiometers 
of wire 
wound construction are recommended. Also, metal· 
film 
resistors with 
low TCR (~ 10 ppmtC) 
may 


be used for fixed resistor applications. 


Mounting 
sockets, 
test 
sockets, 
and 
heat 
sinks 


are 
available 
for 
the 
G 
package 
and 
K package. 


The 
following 
or 
their 
equivalents 
are 
recommended: 


G - 
12 lead TO·8: 
Barnes 
Gorp. 
#MG X·12 
Textool 
#212-100·323 


Robinson 
Nugent 
#0002011 
Wells #6010-20811 


The 
overall 
errors 
attributable 
to 
the 
LH0045 
may 
be minimized 
using 
heat 
sinking, 
and 
utiliza- 


tion 
of 
an 
external 
load 
resistor. 
Although 
RL 
reduces 
the 
compliance 
of 
the 
circu it, 
its use 
is 


generally 
advisable 
in 
precision 
applications. 
Ex- 
ternal 
components 
should 
be 
selected 
for 
low 
TGR 
and 
long-term 
stability. 


The 
design 
example 
errors, 
using 
an 
external 
lOOn 
wire 
wound 
resistor 
for 
R9 equal: 


t.ls 
-- 
= 0.12% 
+ 
ISPAN 
----- 
t.VREF 


0.26% 
+ 0.08% 
----- 
----- 
t.Vos 
t.R9 


Thermalloy 
#2240A 
Wakefield 
#215-GB 


IERG #LAIG 
3B4V 


Input 
Offset 
Voltage, 
Vas: 
The 
voltage 
which 


must 
be 
applied 
between 
the 
input 
terminals 


through 
equal 
resistances 
to 
obtain 
4.0 
mA 
of 


supply 
(output) 
current. 


Input 
Bias 
Current, 
IB: 
The 
average 
of 
the 
two 


input 
currents. 


Input 
Offset 
Current, 
los: 
The 
difference 
in the 


current 
into 
the 
two 
input 
terminals 
when 
the 
supply 
(output) 
current 
is 4.0 
mA. 


Input 
Resistance, 
R1N: 
The 
ratio 
of 
the 
change 


in input 
voltage 
to the 
change 
in input 
current 
at 
either 
input 
with 
the 
other 
input 
connected 
to 


1.0 
Vdc. 


Open 
Loop 
Transconductance, 
gMOL: 
The 
ratio 


of the 
supply 
(output) 
current 
SPAN 
to the 
input 
voltage 
required 
to 
produce 
that 
SPAN. 


Open 
Loop 
Output 
Resistance, 
ROUT: 
The 
ratio 
of 
a specified 
supply 
(outputl 
voltage 
change 
to 
the 
resulting 
change 
in supply 
(output) 
cur, ent 
at 


the specified 
current 
level. 


Common 
Mode 
Rejection 
Ratio, 
CMRR: 
The 
ratio 
of the 
change 
in input 
offset 
voltage 
to the 
peak- 


to-peak 
input 
voltage 
range. 


Power 
Supply 
Rejection 
Ratio, 
PSRR: 
The 
ratio 
of the 
change 
in input 
offset 
voltage 
to the change 


in supply 
(output) 
voltage 
producing 
it. 


Input 
Voltage 
Range, 
V1N: The 
range 
of voltages 
on 
the 
input 
terminals 
for 
which 
the 
device 
operates 
within 
specifications. 


Open 
Loop Supply 
Current, 
Is: The supply 
current 


required 
with 
the 
signal 
amplifier 
A2 
biased 
off 
(inverting 
input 
positive, 
non-inverting 
input 
nega- 
tive) and no load on the 
VREF 
terminal. 


This 
represents 
a measure 
of 
the 
minimum 
low 
end 
signal 
current. 


Reference 
Voltage 
Line 
Regulation, 
t.VREF/t.Vs: 


The 
ratio 
of 
the 
change 
in V REF 
to the 
peak-to- 
peak 
change 
in supply 
(output) 
voltage 
producing 


it. 


Reference 
Voltage 
Load 
Regulation, 
t.VREFI 
t.IREF: 
The 
change 
in 
VREF 
for 
a 
stipulated 


change 
in 
IREF. 


~National 
~ 
Semiconductor 
Operational Amplifiersl Buffers 


LH0061/LH0061 C 0.5 Amp Wide Band 
Operational Amplifier 


General Description 


The 
LH0061/LH0061C 
is a wide 
band, 
high speed, 
operational 
amplifier 
capable 
of supplying 
currents 
in excess 
of 0.5 ampere 
at voltage 
levels 
of ±12V. 
Output 
short 
circuit 
protection 
is set 
by external 


resistors, 
and compensation 
is accompl 
ished 
with 
a 


single 
external 
capacitor. 
With 
a suitable 
heat 
sink 
the device 
is rated 
at 20 Watts. 


LH0061 
is guaranteed 
over 
the 
temperature 
range 


-55°C 
to +125°C; 
whereas, 
the 
LH0061C 
is guar· 
anteed 
from 
_25°C 
to +85°C. 


• 
Output 
current 


• 
Wide large signal 
bandwidth 


• 
High slew rate 


• 
Low standby 
power 


• 
Low inpuf 
current 


The 
wide 
bandwidth 
and 
high 
output 
power 
capa- 
bilities 
of the 
LH0061/LH0061C 
make 
it ideal 
for 
such 
applications 
as 
AC 
servos, 
deflection 
yoke 
drivers, 
capstan 
drivers, 
and 
audio 
amplifiers. 
The 
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CASE 
;.r:: Cc 
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I 
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, 
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y- 


NON 
INV 


INPUT 


INV 
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Order Numbers: 


LH0061K 
I_55°C to +125°C) 
LH0061CK 
(_25°C to +85°C) 
See Package 
K08A 


0.5 Amp 


1 MHz 


70V/lls 


240mW 


300 nA Max 


Supply Voltage 
Power Dissipation 
Differential 
Input Current 
(Note 2) 
Input Voltage 
(Note 3) 
Peak Output 
Current 
Output 
Short Circuit 
Duration 
(Note 4) 
Operating Temperature 
Range LH0061 
LH0061C 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 sec) 


±18V 
See Curve 


±10mA 
±15V 
2A 
Continuous 
_55°C to +125°C 
_25°C to +85°C 
_65°C to +1 50°C 
300°C 


PARAMETER 
CONDITIONS 
lHOO61 
LHOO61C 
UNITS 


MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


Input 
Offset 
Voltage 
Rs-S; 
lOkH. 
Te::: 
25 
C. Vs" 
±15V 
1.0 
4.0 
3.0 
10 
mV 


As<;. 
10 kS1. Vs = !15V 
6.0 
15 
mV 


Voltage 
Drift 
with 
Temperature 
As.s;; 10 k!1 
5 
5 
"vtc 


Offset 
Voltage 
Change 
with 
Output 
Power 
5 
5 
IJV/watt 


Input 
Olfset 
Current 
T c -"25 
C 
30 
100 
50 
200 
nA 


300 
500 
nA 


Offset 
Current 
Drift 
With 
Temperature 
1 
1 
nAfC 


Input 
Bias Current 
Tc -"25 C 
100 
300 
200 
500 
nA 
1.0 
1.0 
"A 


Input 
ReSistance 
Tc 
25 C 
03 
1.0 
0.3 
1.0 
Mn 


Input 
Capacitance 
3 
3 
pF 


Common 
Mode 
Relectlon 
RallO 
As < 10 kH. 
6VCM 
- 
'IOV 
70 
90 
60 
80 
dB 


Input 
Voltage 
Range 
Vs - 'ISV 
." 
:11 
V 


Power Supply 
Rejection 
RallO 
As ~ 
10 kn, t::.vs - 
+ lOV 
70 
80 
50 
70 
dB 


Voltage 
Gain 
Vs"!15V,Vo'" 
·IOV 


R, 
1 kH. 
Te 
25 C 
50 
100 
25 
50 
V/mV 


Vs"'15V.Vo 
-1QV 


RL" 
20U 
5 
2.5 
V/mV 


Output 
Voltage 
SWing 
Vs'" ! 15V. R, 
2ml 
!10 
!12 
!10 
,,1 
V 


Output 
Short 
C.rCUII Current 
Vs=+15V.Tc 
25 C. Rsc 
-,1 Ou 
600 
600 
mA 


Power 
Supply 
Current 
Vs '" .! 15V, VOUT '" 0 
7 
10 
10 
15 
mA 


Power 
Consumption 
Vs'" 
.!15V. 
VOUT '" a 
210 
300 
300 
450 
mW 


Slew 
Rate 
Av 
'" +1, RL 
'" 
lOOn 
25 
70 
25 
70 
ViliS 


Power 
BandWidth 
RL'" 
lOOn 
1 
1 
MHz 


Small 
Signal 
Transient 
Response 
30 
30 
n, 


Small 
SIgnal 
OvershOOI 
5 
20 
10 
30 
'" 


Settling 
Time 
(0.1%) 
t.VIN"'10V.Avz+l 
0.8 
0.8 
"' 
Overload 
Recovery 
Time 
1 
1 
~, 


HarmoniC 
Dlstortlon 
f'" 
1 kHz, 
Po 
'" 0.5W 
0.2 
0.2 
'" 


Not. 
1: 
Specifica,ions 
applv 
for 
±SV ~ Vs ~ ±18V. 
Cc 
= 3000 pF. 
and 
-SSoC ~ TC ~ +12SoC 
for 
the 
LH0061 K 
and 
-2SoC ~ TC ~ +8SoC for ,he LH0061CK. 
Tvpical 
values are for T c = 2SoC. 


Not82: 
The inputs are shunted with 
back-to-back diodes for overvoltage protection. 
Excessive current will 
flow 
if a differ- 
ential voltage in excess of 1V is applied between the inputs without 
limiting 
resistors. 


Note 
3: 
For supply voltages lessthan t.1SV, the absolute maximum input voltage is equal to the supply voltage. 


Not84: 
Rating applies as long as package power rating is not exceeded. 


2. 
~~ 
20 
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15 


;;; 
'" 
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,. 
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~ 
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II 
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II 
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(Hz) 


LH00621LH0062C 
High Speed FET Operational 
Amplifier 


General Description 


The LH0062/LH0062C 
is a precision, high speed 
FET 
input 
operational 
amplifier 
with 
more than 


an order 
of magnitude 
improvement 
in slew rate 
and 
bandwidth 
over 
conventional 
FET 
IC op 


amps. In addition 
it features very closely matched 
input 
characteristics, 
very high input 
impedance, 


and ultra low input currents with 
no compromise 
in noise, common 
mode 
rejection 
ratio or open 


loop gain. The device has internal 
unity 
gain fre- 


quency compensation, 
thus assuring stability 
in all 
normal 
applications. 
This 
considerably 
simplifies 
its application,. 
since no external 
components 
are 
necessary for 
operation. 
However, 
unlike 
most 


internally 
compensated 
ampl ifiers, 
external 
fre· 


quency compensation 
may be added for optimum 


performance. 
For 
inverting 
applications, 
feed- 


forward 
compensation 
will 
boost the slew rate to 
over 120 VIllS and almost double the bandwidth. 
(See 
LB-2, 
LB-14, 
and LB-17 for 
discussions of 


the application 
of feed-foryvard techniques!. Over- 
compensation 
can be used with 
the amplifier 
for 


greater stability 
when maximum 
bandwidth 
is not 


needed. Further, a single capacitor can be added to 
reduce the 0.1% settling 
time 
to under 
1 Ils. In 


addition 
it is free of latch-up 
and may be simply 
offset 
nulled 
with 
negligible effect on offset drift 


or CMRR. 


The LH0062 
is designed for applications 
requiring 


wide 
bandwidth, 
high slew rate and fast settling 


time while 
at the same time 
demanding the high 


input 
impedance and low input currents character- 


istic of 
FET inputs. 
Thus it is particularly 
suited 


for such applications 
as video amplifiers, 
samplel 


hold 
circuits, 
high speed integrators, 
and buffers 


for 
AID 
conversion 
and multiplex 
system. The 


LHP062 is specified for the full 
military 
tempera- 


ture range of _55° to + 125°C while the LH0062C 
is specified 
to 
operate 
over a _25°C 
to 
+85°C 


temperature 
range. 


70 V IllS 


15 MHz 


(0""1 
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Order Number 


LH0062H 
or LH0062CH 
See Package 
H08A 


Order Number 
LH0062D 
or LH0062CD 
See Package 
D14E 


Absolute 
Maximum 
Ratings 


Supply 
Voltage 
±20V 
Operating 
Temperature 
Power 
Dissipation 
(see graph) 
500mW 
LH0062. 
-5SoC 
to + 12SoC 
Input Voltage 
(Note 
1) 
±5V 
LH0062C. 
-2SoC 
to +8SoC 
Differential 
Input 
Voltage 
(Note 
2) 
±30V 
Storage 
Temperature 
Range 
-6SoC 
to +lSOoC 
Short 
Circuit 
Duration 
Continuous 
Lead 
Temperature 
(Soldering, 
10 see) 
300°C 


DC Electrical 
Characteristics 
(Note 
1) 


LIMITS 


PARAMETER 
CONDITIONS 
lH0062 
LH0062C 
UNITS 


MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


Input 
Offset 
Voltage 
Rs:5:. 
100 kn; T A'" 
2SoC 
2 
5 
10 
'5 
mV 


Rs~l00kn 
7 
20 
mV 


Temperature 
Coefficient 
of 
As~ 
l00kn 
5 
25 
10 
35 
"V('C 


Input 
Offset 
Voltage 


Offset 
Voltage 
Drift 
WIth Time 
4 
5 
IN/week 


Input 
Offset 
Current 
TA 
'" 25°C 
0.2 
2 
, 
5 
pA 


2 
0.2 
nA 


Temperature 
CoeffiCient 
of 
Doubles 
every 
lOoe 
Doubles 
every 
lOoe 
Input 
Offset 
Current 


I 


Offset 
Current 
Drift 
WIth Time 
0.1 
O. , 
pA/week 


IRput Bias Current 
TA 
'" 25°C 
5 
'0 
10 
65 
pA 


10 
2 
nA 


Temperature 
Coefficient 
of 
Doubles 
every 
10°C 
Doubles 
every 
10°C 
Input 
Bias Current 


DIfferential 
Input 
Resistance 
10'2 
1012 
n 


Common 
Mode 
Input 
ReSistance 
1012 
1012 
n 


Input 
CapacItance 
4 
4 
pF 


Input 
Voltage 
Range 
Vs = '15V 
!:10 
~12 
!:10 
!:12 
V 


Common 
Mode 
RejectIon 
Ratio 
Rs~ 
10kil. 
VtN '" ~10V 
80 
90 
70 
90 
d8 


Supply 
Voltage 
Rejection 
RatIo 
Rs ~ 
10 kil. 
±5V 
~ Vs ~ 
± 15V 
80 
90 
70 
90 
d8 


Large 
Signal 
Voltage 
Oaln 
RL 
'" 2 kil, 
Your 
'" 'lOV, 
50 
200 
25 
'60 
V/mV 


TA 
'" 25C, 
VS = ±15V 


RL = 2 kil, 
VOUT 
'" '10V, 
25 
25 
V/mV 


Vs'" 
'15V 


Outpul 
Voltage 
SWing 
RL'" 
2 kH, 
T A'" 
25 
C. 
! 12 
±13 
!12 
± 13 
V 


Vs'" 
:!:15V 


RL 
'" 2 H!, Vs 
'" ~15V 
±1O 
! 10 
V 


OUlpUI 
Current 
Swing 
VOUT'" 
±10V, 
TA 
'" 25°C 
! 10 
'15 
!: 10 
'15 
mA 


OUIPUI 
ReSistance 
75 
75 
n 


Output 
Short 
CirCUIT CUffenl 
T A 
25°C 
25 
25 
mA 


Supply 
Current 
Vs'" 
'lSV 
5 
8 
7 
12 
mA 


Power 
Consumption 
Vs"'±lSV 
240 
360 
mW 


AC Electrical 
Characteristics 
(TA = 
25°C, 
Vs=±15V) 


LIMITS 


PARAMETER 
CONDITIONS 
lH0062 
LH0062C 
UNITS 


MIN 
TV' 
MAX 
MIN 
TV' 
MAX 


Slew 
Rate 
Voltage 
Follower 
50 
70 
50 
70 
V/JJ.s 


large 
S'gnal 
Bandwldlh 
Vollage 
Follower 
2 
2 
MHz 


Small 
Signal 
BandWidth 
15 
15 
MHz 


Rise 
Time 
25 
25 
n, 


Overshoot 
'n 
15 
% 


Selliing 
Time 
(0 1%) 
\VIN 
10V 
1 
1 
"' 
Overload 
Recoverv 
O:J 
0.9 
"' 
Input 
NOIse 
Vollage 
"s 
10 kil. 
fe- 
10Hz 
150 
150 
nV VHZ 


InpUT NOise 
Vollage 
As 
10 kU 
fe 
100H, 
55 
55 
nVI.JHl 


Input 
NOIse 
Voltage 
As 
10kS!. 
fe- 
1 kHz 
35 
35 
nV../Hi 


Inpul 
NOise 
Voltage 
As 
10 kfl, 
fe 
10 kHz 
30 
30 
nV'v'Hl 


Inpul 
NOise 
Voltage 
8W 
10 Hz 
10 10 kHz, 
Rs 
10 k1l 
12 
12 
jJVrms 


Inpul 
NOIse Current 
BW'" 
10 Hz 10 10 kHz 
<1 
<' 
pArms 


NOlIl 
Fo, supply 
VOltages less than' 
15V 
the absolute 
ma ••,mum 
,npul IIoltall" IS equal 
10 the supply 
IIollage 


NOI.2 
Inputs 
are protected 
from 
excessive 
voltages 
by back-to·back 
dIodes. 
Inpul 
currentS 
Should 
be limiTed to 1 mA. 


Not. 
3 
Unll!SS othe'w,sl! 
speCified. 
thesl! HJl!c,f,cations 
apply 
lor 
'5V 
< 
VS' 
. 20V 
a"d 
-55 
C' 
TA .' 
'125 
C for tl1e 
LH0062 
and 
-25 
C < T A < '8S"C 
for LH0062C, 
TYPical values are g,ven 10f TA 
25 C Power supplies 
should 
be bypasst'd 
w,thO 
1 j,jF 
Cerilm'CCaPaCllors 
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COMMON MOOE INPUT VOLTAGE 
(V) 


111111111 
"'1 
]I 
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~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


LHOO86/LHOO86C 
Digitally-Programmable-Gain Amplifier 


The LH0086 is a self-contained, 
high-accuracy, digitally- 
programmable-gain 
amplifier. It consists of a FET-input 
operational 
amplifier, a precision resistor ladder, and a 
digitally-programmable 
switch network. A three-bit TTL- 
compatible 
digital 
input selects accurate gain settings 
of 1,2, S, 10,20, SO,100, or 200. 


The LH0086 exhibits 
low offset voltage, high Input im- 
pedance, fast settling, high power supply rejection ratio, 
and excellent gain accuracy and gain non-linearity. 


The LH0086 is specified 
for operation 
from -SsoC to 
+12SoC.The LH0086C is specified from -2SoC to +8SoC. 
Both devices are hermetically 
sealed in a 14-lead dual- 


In-line metal package. 
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00 
DIGITAL 
01 


INPUT 


02 


• 
0.01% gain accuracy at gain = 1 


• 
O.OOS%gain non-linearity 


• 
1ppm/oC typical gain drift 


• 
1010Q input impedance 


• 
80dS minimum PSRR. 


• 
TTL-compatlble 
digital inputs 


• 
2",s settling to 0.01% 
Applications 


• 
Data acquisition 
systems 
• 
Auto range DVMs 
• 
Adaptive servo loops 


Dual·ln·Line Package 


DIGITAL 
GND 
14 
V· 


02 
13 
v- 


DIGITAL 
0' 
12 
SIGNAL 
GND 
INPUT 


11 
00 
FEEDBACK 


'0 
~UT 
I5EN5E1 
VIN- 


~UT 
IFORCEI 
OFFSET 
••.OJ 


VIM+ 
OFFSET 
••.OJ 


Order Number LH0086D or LH0086CD 
See NS Package D14F 


Absolute Maximum Ratings 


Vs 
Supply 
Voltage 
(Note 
1) 
±18V 
TA 
Operating 
Temperature 
Range: 


VIN 
Analog 
Input 
Voltage 
(Note 
2) 
±15V 
LH0086 
-55'C 
to +125'C 


VIL(H) Digital 
Input 
Voltage 
-4V,+Vs 
LH0086C 
-25'C 
to +85'C 


Po 
Power 
Dissipation 
500mW 
TSTG Storage 
Temperature 
-6S'C 
to +150'C 


Output 
Short 
Circuit 
Duration 
Continuous 
Lead Temperature 
(soldering, 
20 seconds) 
+300'C 


DC Electrical Characteristics 
Vs = ±15V, 
RL = 10kQ, TMIN •• TA •• TMAX, Pin 10 connected 
to Pin 11, Pin 5 connected 
to 
Pin 6 (Non-inverting) 


LHOO86 
LHOO86C 
Parameter 
Conditions 
Units 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Vos 
Input 
Offset 
Voltage 
TJ = 25'C 
0.3 
5.0 
0.3 
10 
mV 


7.0 
13 


Vos/l!.T 
Input 
Offset 
Voltage 
VIN =OV 
10 
10 
jJV/'C 
Change 
with 
Temperature 


IB 
Input 
Bias 
Current 
(Notes 
3, 4) 
TJ = 25'C 
100 
500 
100 
SOO 
pA 


500 
100 
nA 


RIN 
Input 
Resistance 
10 
10 
GQ 


VIN 
Input 
Voltage 
Range 
±10 
±11.5 
±10 
±11.5 
V 


Av 
Voltage 
Gain 
1.0 
1.0 


2.0 
2.0 


5.0 
5.0 


See Table 
1, p. 5, 
10 
10 
for 
Digital 
Gain- 
VIV 
Control 
Codes 
20 
20 


50 
50 


100 
100 


200 
200 


Gain 
Error 
Av=l 
0.003 
0.01 
0.003 
0.03 


Av=2,5 
0.03 
0.05 
O.OS 
0.1 


Av= 
10,20 
TA=25'C 
0.05 
0.1 
0.1 
0.2 


Av = 50,100,200 
0.1 
0.2 
0.15 
0.3 


% 


Av=l 
0.003 
0.02 
0.003 
0.06 


Av=2,5 
0.03 
0.1 
0.05 
0.2 


Av= 
10,20 
0.1 
0.2 
0.1 
0.3 


Av = 50,100,200 
0.15 
0.3 
0.15 
0.4 


Gain 
Non·Linearity 
Av=l 
TA = 25'C 
0.002 
0.002 


% 


0.005 
O.OOS 


l!.Av/l!.T 
Gain 
Temperature 
Coefficient 
Av= 
1 
1.0 
1.0 
ppm/'C 


PSRR 
Power 
Supply 
Rejection 
Ratio 
±8V •• Vs" 
±18V 
80 
90 
70 
90 
dB 


Vo 
Output 
Voltage 
Swing 
RL;;. 
10kQ 
±10 
±12 
±10 
±12 
V 


Note 1: Improper 
supply 
power-on 
sequence 
may damage 
the device. 
See Power Supply 
Connection 
Section 
under Applications 
Information. 


Note 2: For supply voltages 
less than ±15V the maximum 
input voltage 
is equal to the supply voltage. 


Note 3: Due to short production 
test time, these parameters 
are specified 
at junction 
temperature, 
TJ= 25'C. In normal operation 
the 
junction 
temperature 
rises above the ambient temperature, 
TA' as a result of the internal power dissipation, 
PD. TJ=TA+ BjAx PO where 
BjA is the thermal 
resistance 
from junction 
to ambient 
(typically 
65'C/W). 


Note 4: The input bias currents are junction 
leakage currents which approximately 
double for every 10'C increase in junction temperature. 


Conditions 
-- - - - -- 
_.._---- 


Units 
I"arameter 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Isc 
Output Short·Circuit 
Current 
TA= 25°C 
±5 
±18 
±30 
±5 
±18 
±30 
mA 
±2 
±30 
±2 
±30 


Ro 
Output Resistance 
AVCL= 1 
0.05 
0.05 
Q 


VIL 
Digital "0" Input Voltage 
0.7 
0.7 
V 
VIH 
Digital "1" Input Voltage 
2.0 
2.0 


IlL 
Digital "0" 
Input Current 
V1N=0.4V 
1.5 
4.0 
1.5 
4.0 


IIH 
Digital "1" Input Current 
VIN=2.4V 
0.01 
0.01 
I'A 


Vs 
Supply Voltage Range 
±8.0 
±18 
±8.0 
±18 
V 


Is(+) 
Positive Supply Current 
8.5 
15.5 
8.5 
15.5 


Is( ) 
Vs=±18V 
mA 
Negative Supply Current 
-4.5 
-8.5 
-4.5 
-8.5 


AC Electrical Characteristics 


Vs= ±15V, TA = 25°C, RL= 10kQ, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non·inverting) 


Parameter 
Conditions 
Min. 
Typ. 
Max. 
Units 


BW 
Small Signal Bandwidth 
Av= 1 
3000 


-3dB 
Av=50 
60 


Av=200 
15 


kHz 


Av=1 
425 


-1% 
Av=50 
8.5 


Av=200 
2 


PBW 
Power Bandwidth 
159 
kHz 


SR 
Slew Rate 


Vo=±10V 
10 
VII's 


Av=1 
2.5 


ts 
Settling Time (Figure 7) 0.01% 
tNo=20V 
Av=50 
20 
I'S 


Av=200 
75 
I'S 


ts 
Settling Time After Gain 
10 


Change 


eN 
Equivalent Input Noise 
BW=0.1-10Hz 
3 
I'Vp.p 
Voltage (Figure 6) 
Rs= 100Q 
25 
nV/v'RZ 
Av = 100 
f=1kHz 


iN 
Equivalent Input Noise Current 
0.01 
pA/v'RZ 


...~ 


~ 
60 


40 


±8V" 
VS" 
±18V 
20 
VCM=O 
TA=25'C 


100 
lk 
10k 


FREQUENCY1Hz) 


Settling 
Time 


100 


j 
...• 
:E 
;:: 
'" 
10 
z 
§ 


// 


0.01%~ 
0.1% 


.....•. 
/ 
VS-±15V 
/ 
6VO=±2oV 
V 


RS=5OQ 
RL=1kQ 


5 
10 
20 
SO 100 
200 


GAIN IV/V) 


Rs = 50Q. Bandwidth 
= 0.1 Hz to 10 Hz 
1iN/division 
Vertical, 
5 seconds/division 
Horizontal 


;;- 
.±L 
10 
....~ 
~•.. 
=>...~ 


10 
15 


SUPPLYVOLTAGEI±V) 


Supply 
Current 


14 


TA--SS'C 


TA-25'C 
"- 
.~ 
TA=125'C 
'\ ....... .... 
Isl+) 
...... ..... '........ ....... 


e:::.::.:- ..... 


TA=-55'C 
e-- 
TA=25'C 


"- 


IsH 
1-::-::::-..!~~~2.~:~. 
..... ...... .. 


..... ~ 
.. "I.. 
..... ......... 


I 


:< 
12 


E.!'. 


10 
•.. 
~a~ 
~ 


10 
15 


SUPPLYVOLTAGEI±V) 


Closed 
Loop Output 
Resistance 
10 


" 


/ 


5 
10 
20 


GAIN IV/V) 


Equivalent 
Input 
Noise 
_ 
Voltage 


~ 
50 
~ 
.... 
40 
~ 
!:l~ 3D 
.... 
'"isz•.. 
20 
=>...~•.. 


10 
z....~~ 
~ 
0 
10 
100 
lk 
10k 
lOOk 


FREQUENCY(Hz) 


Rs = 50Q. Bandwidth 
= 10Hz to 10 kHz 
5f<V/division 
Vertical, 
1ms/division 
Horizontal 


Theory of Operation 


The LH0086 is a digitally 
programmable 
gain amplifier 


with 3-bit digital 
gain control. 
It contains 
a FET-input 


operational 
amplifier, a precision resistor ladder, and a 


digitally 
programmable 
switch network. 


The LH0086 was designed for use in a non-inverting con- 
figuration, 
thus 
the following 
discussion 
covers the 


LH0086 as used as a non-inverting amplifier. The gain of 
the LH0086 is given by the familiar gain equation of a 
non-inverting 
amplifier. 


RF 
Av=1 +- 
Rs 


Each gain step is set by the ratio of the ladder resistors. 
The resistor 
ladder is constructed 
with high stability, 
low temperature-coefficient 
resistors 
precision 
laser- 
trimmed to the required values. FET switches are used 
to select the desired ratio. Since the FET switches are in 
series with the operational 
amplifier 
input, their 
"on 


resistance" 
and temperature drift do not degrade ampli- 
fier accuracy. The FET switches are selected by a 1 of 8 
decoder, by applying the proper logic levels at digital in- 
puts DO,01, and 02. The gains are set as given in Table 1. 


Gain 
02 
01 
DO 


1 
0 
0 
0 


2 
0 
0 
1 


5 
0 
1 
0 


10 
0 
1 
1 


20 
1 
0 
0 


50 
1 
0 
1 


100 
1 
1 
0 


200 
1 
1 
1 


Power Supply Connection 


Proper power supply connections 
are shown in Figure 1. 


The power supplies should be bypassed to ground as 
close as possible to device supply pins. For most appli- 
cations, the bypass capacitor 
should be O.lI'F. 


Care must be taken in the power-on sequence. The LHOO86 
may suffer irreversible damage if the v+ supply is applied 
prior to the powering on of the Y- supply. In most appli- 
cations 
using 
dual-tracking 
supplies 
and 
with 
the 
device supply pins adequately 
bypassed, this will not 
present 
a problem. 
If this 
cannot 
be guaranteed, 
a 
germanium 
or 
Schottky 
protection 
diode 
should 
be 
connected between the digital ground pin and the Y- pin 
as shown in Figure 1. 


Grounding Considerations 


Care should be taken in the connection 
of digital 
and 
analog grounds. Digital switching currents can introduce 
noise on the analog ground pin. If possible, both grounds 
should 
go 
to 
a ground 
plane 
beneath 
the 
device, 


otherwise 
each ground should be run separately 
to a 
single point ground. The idea is to keep digital current 
from passing through 
the analog ground line. If long 


ground leads are used, diode clamps should be placed 
as close to the device as possible (Figure 1). 


Programmable 
Attenuator 


The LH0086 may be used as a programmable attenuator 
when connected as in Figure 2. The accuracy of this at- 
tenuator will be typically 0.1%. 


Note: Max. Y1N = ±11 Yolts. 


02 
01 
DO 
Attenuation 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
5 


0 
1 
1 
10 


1 
0 
0 
20 


1 
0 
1 
50 


1 
1 
0 
100 


1 
1 
1 
200 


02 
01 
DO 
Gain 
R1N 
(Q) 


0 
0 
0 
Av=O 
30k 
0 
0 
1 
Av= 1 
15k 
0 
1 
0 
Av=4 
6k 
0 
1 
1 
Av=9 
3k 
1 
0 
0 
Av=19 
l.5k 
1 
0 
1 
Av=49 
600 
1 
1 
0 
Av=99 
300 
1 
1 
1 
Av = 199 
150 


Inverting 
Mode 


The LH0086 may be used in the inverting mode, how· 
ever,there are several design considerations. 


1. Input resistance is low at high gains (see gain chart 


for input resistance at each gain). 
2. Each gain step gets a one subtracted from the non- 


inverting gain. (See inverting gain chart for available 
gains.) 
3. The first gain step (digital code of 000) cannot be 


used because the output will remain at virtual ground 
regardless of the input. 


Remote 
Output 
Sense 


The Your sense pin of the LH0086should be connected 
at the load in order to eliminate errors due to lead resist- 
ance. In any case the output sense and output force 
must be tied together at some point. See Figure 4. 


,.ower 
UISSlpallon: 
I ne 
power 
dissipated 
in 
the device with 
no load and with the analog 
as 
well as the digital 
inputs 
at OV. 


Digital 
"1" 
Input 
Voltage: 
Minimum 
voltage 
required 
at the digital 
input to guarantee 
a high 
logic 
state. 


Digital 
"0" 
Input 
Voltage: 
The current 
into 
a 
digital 
input 
at specified 
logic 
level. 


INos/lJ.T 
Average 
Input 
Offset 
Voltage 
Drift: 
The ratio 
of 
input 
offset 
voltage 
change 
from 
25°C to 


either temperature 
extreme 
divided 
by the tem- 


perature 
range. 


IJ.Av/lJ.T 
Average 
Gain 
Temperature 
Coefficient: 
The 
ratio 
in gain 
from 
25°C to either 
temperature 
extreme 
divided 
by the temperature 
range. 


Bandwidth: 
The frequency 
at which the voltage 
gain is reduced to 3dB below the low frequency 
value. 


Power 
Bandwidth: 
Maximum 
frequency 
for 
which 
the output 
swing 
is a large signal 
sine- 


wave without 
noticeable 
distortion. 


Slew Rate: The internally 
limited 
rate of change 
in output 
voltage 
with 
a large 
amplitude 
step 
function 
applied 
at the input. 


Settling 
Time: 
The time 
between 
the initiation 
of an input step function 
and the time when the 
output 
voltage 
has settled 
to within 
a specified 
error band of the final output 
voltage. 


Gain 
Switching 
Time: 
The 
time 
between 
the 


initiation 
of a gain 
logic 
change 
and the time 
when the final 
gain switches 
are closed. 
It in- 
cludes 
overdrive 
recovery lime, 
but not settling 


to final value. 


Equivalent 
Input 
Noise 
Voltage: 
The 
rms 
or 


peak 
noise 
voltage 
referred 
to the 
input 
(RTI) 


over a specified 
frequency 
band. 


Equivalent 
Input 
Noise 
Current: 
The 
rms 
or 
peak 
noise 
current 
referred 
to the 
input 
(RTI) 
over a specified 
frequency 
band. 


applied 
to force 
the output 
to 0 volts. 


Input 
Bias Current: 
The current 
into Pin 7 with 
the device 
connected 
in the non-inverting 
con- 


figuration. 


Input 
Resistance: 
The ratio 
of the change 
in 


input voltage 
to the change 
in input current 
on 
either 
input 
with 
the other 
grounded. 


V1N 
Input 
Voltage 
Range: 
The 
voltage 
range 
for 


which 
the device 
is operational. 


PSRR 
Power Supply 
Rejection 
Ratio: 
The ratio of the 
specified 
change 
in 
supply 
voltage 
to 
the 
change 
in input offset 
voltage 
over this 
range. 


Av 
Voltage 
Gain: 
The 
ratio 
of 
output 
voltage 
change to the input voltage change producing 
it. 


Gain 
Error: 
The deviation 
in percent 
between 


the ideal voltage 
gain 
and the value obtained 
when the device 
is configured 
for that 
gain. 


Gain 
Non·Linearity: 
The deviation 
of the gain 


from 
a straight 
line 
drawn 
through 
the 
end- 
points 
expressed 
as a percent 
of full scale (10V 


for operation 
with 
±15V supplies). 
For testing 
purposes 
it is the difference 
between 
positive 
swing 
gain (OV to 10V) and average gain (-10V 
to 10V) or between 
negative 
swing 
gain 
(OV to 
-10V) 
and average 
gain. 


Output 
Voltage 
Swing: 
The 
peak 
output 
voltage 
swing 
referenced 
to ground 
into speci- 
fied load. 


Output 
Short-Circuit 
Current: 
The current 
sup- 


plied 
by the device 
with 
the output 
connected 
directly 
to ground. 


Closed 
Loop Output 
Resistance: 
The ratio 
of 


change 
in output 
voltage 
to change 
to output 
current 
at a specific 
gain. 


Supply 
Voltage 
Range: 
The 
supply 
voltage 
range for which 
the device 
is operational. 


Supply 
Current: 
The current 
required 
from the 


supply 
to operate 
the device 
with 
no load and 
with the analog as well as the digital 
inputs at OV. 
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Operational 
Amplifiers/Buffers 
~National 
~ 
Semiconductor 


LH0101/LH0101C, 
LH0101A1LH0101AC 
Power Operational 
Amplifier 


• 
5 Amp peak, 2 Amp continuous 
output 
current 


• 
300 kHz power 
bandwidth 


• 
850mW 
standby 
power 
(±15V 
supplies) 


• 
300pA 
input 
bias current 


• 
10VII'S slew rate 


• 
Virtually 
no crossover 
distortion 


• 
21'S settling 
time 
to 0.01% 


• 
5 MHz gain bandwidth 


The LH010l 
is a wideband 
power 
operational 
amplifier 


featuring 
FET inputs, 
internal 
compensation, 
virtually 


no crossover 
distortion, 
and rapid 
settling 
time. 
These 


features 
make the LH0101 an ideal choice 
for DC or AC 


servo amplifiers, 
deflection 
yoke drives, 
programmable 


power 
supplies, 
and 
disk 
head 
positioner 
amplifiers. 
The LH010l 
is packaged 
in an 8 pin TO·3 hermetic 
pack- 


age, rated 
at 20 watts 
with 
a suitable 
heat sink. 


v+ 


SC+ 


02 


CASE IS 
/OUTPUT 


+ 


OUTPUT (CASE) 


Order Numbers 


LH0101CK 


LH0101K 


LH0101ACK 


LH0101AK 


See Package KOBA 
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Absolute Maximum Ratings 


Supply 
Voltage, 
Vs 
±22V 


Power 
Dissipation 
at TA = 25·C, Po 
5W 
Derate 
linearly 
at 25·C/W 
to zero 
at 150·C, 
Power 
Dissipation 
aIT c = 25·C 
62W 
Derate 
linearly 
at 2·C/W 
to zero 
at 150·C 


Differential 
Input 
Voltage, 
V1N 
±40V 
but < ±Vs 


Input 
Voltage 
Range, 
VCM 
±20V 
but < ±Vs 


Peak Output 
Current 
(50ms 
pulse),lo(PK) 
5A 


Output 
Short 
Circuit 
Duration 
(within 
rated 
power 
dissipation, 


Rsc = 0.35Q, TA = 25·C) 
Continuous 


Operating 
Temperature 
Range, 
TA 
LH0101, 
LH0101C 
-25·C 
to 
+85·C 


LH0101A, 
LH0101AC 
-55·Cto 
+125·C 


Storage 
Temperature 
Range, 
TSTG 
-65·Cto 
+ 150·C 


Maximum 
Junction 
Temperature, 
TJ 
150·C 


Lead Temperature 
(Soldering 
< 10 seconds) 
300·C 


DC Electrical Characteristics 
(see Note 
1) Vs=±15V, 
TA=25·C 
unless 
otherwise 
noted 


LH0101AC 
LH0101C 
LH0101A 
LH0101 


Symbol 
Parameter 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 


1 
3 
5 
10 
Vos 
Input 
Offset 
Voltage 
mV 


TM1N'" TA '" TMAX 
7 
15 


Change 
in 


1Nos/liPo 
Input 
Offset 
Voltage 
Note 
2 
150 
300 
,..V/W 
with 
dissipated 
power 


Change 
in 


liVos/!J.T 
Input 
Offset 
Voltage 
10 
10 
,..V/·C 
with 
temperature 
VCM=O 


300 
1000 
pA 


Ie 
Input 
Bias 
Current 
I LH0101C/AC 
60 
60 


TA",TMAX I 
nA 
LH0101lA 
300 
1000 


75 
250 
pA 


los 
Input 
Offset 
Current 
I LH0101C/AC 
15 
15 


TA", TMAX 1- 
nA 
LH0101/A 
75 
250 


AYOL 


Large 
Signal 
Vo = ±10V 
RL = 10Q 
50 
200 
50 
200 
V/mV 
Voltage 
Gain 


Rsc=O 
RL=100Q 
±11.7 
±12.5 
±11.7 
±12.5 


Vo 
Output 
Voltage 
Swing 
Ay= 
+1 
RL=10Q 
±11 
±11.6 
±11 
±11.6 
V 


Note 
3 
RL=5Q 
±10.5 
±i1 
±10.5 
±11 


CMRR 
Common 
Mode 
liV1N=±10V 
85 
Rejection 
Ratio 
100 
85 
100 


dB 


PSRR 
Power 
Supply 
liVs=±5V 
to ±15V 
85 
100 
85 
100 
Rejection 
Ratio 


Is 


Quiescent 
Supply 
28 
35 
28 
35 
mA 
Current 


AC Electrical Characteristics 
See Note 
1, Vs= 
±15V, 
TA=25'C 


LH0101AC 
LH0101C 
LH0101A 
LH0101 


Symbol 
Parameter 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 


en 
Equivalent 
input 
1=1kHz 
25 
25 
nV/VHZ 
noise 
voltage 


Cin 
Input 
Capacitance 
1=1 MHz 
3.0 
3.0 
pF 


Power 
Bandwidth, 
-3dB 
300 
300 
kHz 


SR 
Slew 
Rate 
7.5 
10 
10 
V/flS 


RL=10Q 
(note 4) 


tr,tf 
Small 
Signal 
Rise or 
Av= 
+1 
200 
200 
ns 
Fall Time 


Small 
Signal 
Overshoot 
10 
10 
% 


GBW 
Gain-Bandwidth 
Product 
4.0 
5.0 
5.0 
MHz 


RL= 
00 
(note 4) 


ts 
Large 
Signal 
Settling 
2.0 
2.0 
fl· 
Time 
to 0.01% 


THO 
Total 
Harmonic 
Distortion 
Po=0.5W 
1= 1kHz 
0.008 
0.008 
% 
RL=10Q 


Note 1: Specification 
is at TA = 25'C. Actual values at operating temperature may differ from the TA = 25'C value. When supply voltages 
are ±15V, quiescent operating junction 
temperature will rise approximately 
20'C without heat sinking. Accordingly, Vos may change 
0.5mV and Ie and los will change significantly during warm·ups. Refer to the Ie vs. temperature and power dissipation graphs for expected 
values. Power supply voltage is ±15 V. Temperature tests are made only at extremes. 


Note 2: Change in offset voltage with dissipated power is due entirely to average device temperature rise and not to differential 
thermal 
feedback effects. Test is performed without any heat sink. 


Note 3: At light loads, the output swing may be limited by the second stage rather than the output stage. See the application 
section 
under "Output 
swing enhancement" 
for hints on how to obtain extended operation. 


Note 4: These parameters are sample tested to 10% LTPD. 
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-15 
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-5 
0 
+5 
+10 
+15 
~ 
±5 
±10 
±15 
±20 
±25 


TEMPERATURE ('C) 
YO, OUTPUT VOLTAGE(V) 
VS. POWER SUPPLY VOLTAGE(V) 


Input 
Bias 
Current 
after 
Input 
Common· 
Mode 


Input 
Bias 
Current 
Warm·up 
Voltage 
Range 


lOOK 
10 
25 


VS= ±15V 
co 
Vs - ±15V 
~ 
TA= 25'C 
~ 
.'.' 


~ 
tOK 
NO HEAT SINK 
20 
V 
c 
8 
w 
./ ./ 
~ 
'" 
POSITIVE 
•... 
z 
i 
lK 
/ 


co 
~ 
V ./ 
~ 
6 
w 
15 
a 


•... 
'" 
./ '/NEGATIVE 


'" 
100 
V 
! 
~ 
V V 
co 
c 
> 
10 
a; 
/ 
4 


2/ 


•... 
V ./ 
•... 
10 
'" 
~ 
~ 
./ 
c 
!O 
./ V 
!O 
a; 


1 
•... 
Z 
5 
IE 
.-' 
~ 
1/ 
;0 
!O 


.1 
1 
0 


-55 
-25 
5 
35 
65 
95 
125 
0 
1 
2 
3 
4 
5 
±5 
±10 
±15 
±20 
±25 


TC. CASE TEMPERATURE('C) 
TIME FROM INITIAL TURN ON (MIN.) 
VS, SUPPLY VOLTAGE(V) 


Small 
Signal 
Frequency 
Output 
Voltage 
Swing 
Common· 
Mode 
Rejection 


Response 
(open 
loop) 
vs. 
Frequency 
Ratio 
vs. 
Frequency 


120 
+180 
28 =F 
- 
~ 
100 


TA = 25'C 
TA = 25'C 
""" 


VS=:15V 
-- 
TA=25"C 
co 
110 
VS = ±15V 
I 
24 
- 
~ 
'" 
VS = ±15V 
...••..••. 
Rt :00 
~ 
- 
AV=l 
80 


100 
+90.& 
Rt=oo 
~ 
'" 
20 
- 
- 
"'- 
~ 
z 
- 
- 
~ 
'\. 
; 
80 
'" 
~ 
60 
NAIN 
~ 
16 
- 
- 
iii 
z 
w 
- 
- 
60 
0 
'" 
'\. 
~ 
~ 
c 
~ 
12 
- 
- 
w 
m 
c 
40 
i 
40 
'" 
co 
"'- 


~ 
> 
- 
- 
:E 


PHASE 
"'- 


m 
•... 
8 
z 


'" 


20 
90 .; 
:> 
- 
- 
c 
~ 
... 
- 


~ 


:E 
20 
•... 
:> 
4 
- 
~ 
0 
c 
!i 
- 
---' 
~ 
'\. 


-20 
180 
0 
- 
- 
0 


10 
100 
lK 
10K 
lOOK 
1M 
10M 
10K 
lOOK 
1M 
10M 
~ 
10 
100 
lK 
10K 
lOOK 
1M 
10M 


FREQUENCY(Hz) 
FREQUENCY(Hz) 
FREQUENCY(Hz) 


Power 
Supply 
Rejection 
Total 
Harmonic 
Ratio 
vs. 
Frequency 
Settling 
Time 
Distortion 
vs. 
Frequency 


'" 
100 
10 
~ 
1 
III 


~ 
TA=25"C 
AV 
1 
AV= 
+1 
c 
--.. 


"'- 


VS=±15V 
Vs 
+15V 
z 
RL= 102 
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co 
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~ 
TA 
25'C 
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.V- - 


p!l~~~~1 
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60 
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'" 
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'\. 
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co 
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11111, 
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c 
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'" 


10mV NO,LOAO- 
'" 
~ 
~ 
g 
= 
~ 
~ 
20 
I 
I 
~ 
l'\. 
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Q 


~ 


0 
.1 
i= 
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lK 
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1M 
10M 
0 
1 
2 
3 
4 
5 
6 
7 
8 
10 
100 
lK 
10K 
lOOK 


FREOUENCY(Hz) 
CHANGEIN OUTPUT VOLTAGEFROM ZEROVOLTS 
FREQUENCY(Hz) 


~ 
3.0 
1=1 kH~' 
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~~ 
~k~~~~- 


~ 
VOt 


=%15VPo=50mW 


~ 
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- 
1 
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.- 
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~ 
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RL. LOAD RESISTANCE (2) 


Equivalent Input Noise Voltage 


~ 
200 


~ 
~ 
150 


~ 
~ 
100 
~•.. 


CO> 
~ 
50 


T~I~'25"C 
V = ±15V 


I 


:1= 


100 
1K 
10K 


FREQUENCY(Hz) 


Open·Loop Output Resistance 


20.0 


1=10KHz 


~ 
VS=±15V 
TA = 25'C 
§: 17.5 


~ 
15.0 
z 
S; 12.5 
;;; 
~ 
10.0 
•.. 


~ 
7.5 


5.0 
g 
2.5 


o 
10 
100 
1000 


10. OUTPUT CURRENT (mA) 


Short Circuit Current 
vs. Rge 


10.0 
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Input Voltages 


The LH0101 operational 
amplifier 
contains 
JFET input 


devices 
which 
exhibit 
high reverse breakdown 
voltages 


from 
gate to source 
or drain. 
This eliminates 
the need 


for input 
clamp 
diodes, 
so that 
high differential 
input 


voltages 
may 
be applied 
without 
a large 
increase 
in 


input 
current. 
However, 
neither 
input voltage 
should 
be 


allowed 
to exceed 
the negative 
supply 
as the resultant 


high current 
flow 
may destroy 
the unit. 


Exceeding 
the 
negative 
common-mode 
limit 
on either 


input 
will 
cause 
a reversal 
of the phase 
to the output 


and force the amplifier 
output 
to the corresponding 
high 


or 
low 
state. 
Exceeding 
the 
negative 
common-mode 


limit 
on both 
inputs 
will force 
the amplifier 
output 
to a 


high 
state. 
In neither 
case 
does 
a latch 
occur 
since 


raising 
the input 
back within 
the common-mode 
range 


again 
puts 
the input 
stage 
and thus 
the amplifier 
in a 


normal 
operating 
mode. 


Exceeding 
the positive 
common·mode 
limit 
(,1, a single 


input will not change 
the phase of the output 
however, if 


both inputs 
exceed 
the limit, 
the output 
of the amplifier 


will 
be forced 
to a high state. 


These 
amplifiers 
will 
operate 
with 
the common-mode 


input 
voltage 
equal 
to the positive 
supply. 
In fact, 
the 


common-mode 
voltage 
may exceed 
the positive 
supply 


by approximately 
100 mV, independent 
of supply 
voltage 


and over the full operating 
temperature 
range. The positive 


supply 
may therefore 
be used as a reference 
on an input 


as, for example, 
in a supply current 
monitor 
and/or limiter. 


With 
the 
LH0101 there 
is a temptation 
to remove 
the 


bias 
current 
compensation 
resistor 
normally 
used on 


the non-inverting 
input 
of a summing 
amplifier. 
Direct 


connection 
of the inputs 
to ground 
or a low-impedance 


voltage 
source 
is not 
recommended 
with 
supply 
volt- 
ages 
greater 
than 
3V. The potential 
problem 
involves 


loss of one supply 
which 
can cause excessive 
current 
in 


the second 
supply. 
Destruction 
of the IC could 
result 
if 


the current 
to the inputs 
of the device 
is not limited 
to 


less 
than 
100 mA or if there 
is much 
more 
than 
1f'F 


bypass 
on the supply 
buss. 


Although 
difficulties 
can 
be 
largely 
avoided 
by 


installing 
clamp 
diodes 
across the supply 
lines on every 


PC board, a conservative 
design 
would 
include 
enough 


resistance 
in the input lead to limit current to 10mA if the 


input lead is pulled to either supply 
by internal 
currents. 
This precaution 
is by no means 
limited 
to the LH0101. 


layout 
Considerations 


When working 
with 
circuitry 
capable 
of resolving 
pico- 


ampere 
level signals, 
leakage currents 
in circuitry 
exter- 


nal to the op amp 
can significantly 
degrade 
perform- 


ance. High quality 
insulation 
is a must (Kel-F and Teflon 


rate high). Proper cleaning 
of all insulating 
surfaces 
to 


remove fluxes 
and other residues 
is also required. 
This 


includes 
the Ie package 
as well as sockets 
and printed 


circuit 
boards. When operating 
in high humidity 
environ- 


ments or near O·C, some form of surface 
coating 
may be 


necessary 
to provide a moisture 
barrier. 


The effects 
of board leakage can be minimized 
byencir- 


cling 
the 
input 
circuitry 
with 
a conductive 
guard 
ring 
operated 
at a potential 
close 
to that 
of the inputs. 


Electrostatic 
shielding 
of high 
impedance 
circuitry 
is 
advisable. 


Error voltages 
can also be generated 
in the external 
cir- 


cuitry. 
Thermocouples 
formed 
between 
dissimilar 
metals 
can cause hundreds 
of microvolts 
of error in the 
presence 
of temperature 
gradients. 


Since 
the 
LH0101 
can 
deliver 
large 
output 
currents, 


careful 
attention 
should 
be paid to power supply, 
power 
supply 
bypassing 
and 
load 
currents. 
Incorrect 
grounding 
of signal 
inputs 
and load can cause 
signifi- 


cant errors. 


Every attempt 
should 
be made to achieve 
a single 
point 
ground 
system 
as shown 
in the figure 
below. 


HIGH 


CURRENT 


POWER 
SUPPLY 


Bypass capacitor 
CBXshould 
be used if the lead lengths 


of bypass capacitors 
CB are long. If a single point ground 


system 
is not possible, 
keep signal, 
load, and power sup- 
ply from intermingling 
as much as possible. 
For further 


information 
on 
proper 
grounding 
techniques 
refer 
to 
"Grounding 
and Shielding 
Techniques 
in Instrumenta- 
tion" 
by Morrison, 
and "Noise 
Reduction 
Techniques 
in 
Electronic 
Systems" 
by Ott 
(both 
published 
by John 
Wiley 
and Sons). 


Leads or PC board 
traces 
to the supply 
pins, 
short-cir- 


cuit 
current 
limit 
pins, and the output 
pin must 
be sub- 


stantial 
enough 
to 
handle 
the 
high 
currents 
that 
the 
LH0101 is capable 
of producing. 


Short Circuit Current 
Limiting 


Should 
current 
limiting 
of the output 
not be necessary, 


SC+ 
should 
be 
shorted 
to 
V+ and 
SC- 
should 
be 
shorted 
to V-. 
Remember 
that the short 
circuit 
current 
limit 
is 
dependent 
upon 
the 
total 
resistance 
seen 
between 
the 
supply 
and current 
limit 
pins. 
This 
total 


resistance 
includes 
the desired 
resistor 
plus leads, 
PC 
Board traces, 
and solder joints.· 
Assuming 
a zero TCR 
current 
limit 
resistor, 
typical 
temperature 
coefficient 
of 


the short 
circuit 
will 
be approximately 
.3%. 


Thermal Resistance 


The thermal resistance between two points of a conduc- 
tive system Is expressed as: 


T, -T2 
e'2=--'Crw 
Po 


where subscript order indicates the direction of heat flow. 
A simplified heat transfer circuit for a cased semiconduc- 
tor and heat sink system Is shown In the figure below. 


The circuit Is valid only if the system Is in thermal equi- 
librium (constant heat flow) and there are, indeed, single 
specific temperatures TJ,Tc,andTs(notemperature distri- 
bution in junction, case,or heat sink).Nevertheless,this is 
a reasonable approximation of actual performance. 


JUNCTION 
TEMP., 
TJ 


HEAT SINCE TEMP., 
TS 


TJ > TC > TS > TA 
8SA 


-=- AMBIENT 
TEMP. 
TA 


FIGURE2. Semiconductor-Heat Sink Thermal Circuit 


The junction-to-ease thermal resistance eJCspecified in 
the data sheet depends upon the material and size of 
the package, die size and thickness, and quality of the 
die bond to the case or lead frame. The case-to-heat 
sink thermal resistance ecs depends on the mounting of 
the device to the heat sink and upon the area and quality 
of the contact surface. Typical ecs for a TO-3package Is 
0.5to 0.7°ClW,and 0.3to 0.5°ClWusing silicone grease. 


The heat sink to ambient thermal resistance eSAdepends 
on the quality of the heat sink andthe ambient conditions 


Cooling is normally required to maintain the worst case 
operating junction temperature TJ of the device below 
the specified maximum value TJ(MAX)'TJ can be calcu- 
lated from known operating conditions, Rewriting the 
above equation, we find: 


Stability 
and Compensation 


As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pickup" and maximize the fre- 
quency of the feedback pole by minimizing the capa- 
citance from the input to ground. 


A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3dB frequncy of the 
closed loop gain and consequently there is negligible 
effect on stability margin, However,if the feedback pole 
is less than approximately six times the expected 3dB 
frequency a lead capacitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
sistant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 


Some inductive loads may cause output stage oscilla- 
tion. A .011'Fceramic capacitor in series with a 10Q 
resistor from the output to ground will usually remedy 
this situation. 


v- 
FIGURE3. Driving Inductive Loads 


Capacitive loads may be compensated for by traditional 
techniques. (See "Operational Amplifiers: Theory and 
Practice" by Roberge, published by Wiley): 


CAPACITIVE 
-J- 
LOAO 


v- 


FIGURE4. Rc and Cc Selected to Compensate for 


Capacitive Load 


A similar but alternative technique may be used for the 
LH0101: 
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approximately 
10Q. This decreases 
to under an ohm for 
load currents 
exceeding 
100mA. 
stage 
ana not Dy output 
saturation. 
Output 
swing 
can 
be increased 
as shown 
by taking 
gain 
in the 
output 
stage 
as shown 
in High 
Power 
Voltage 
Follower 
with 
Swing 
Enhancement 
below. 
Whenever 
gain 
is taken 
in 
the output 
stage, 
as in swing 
enhancement, 
either 
the 
output 
stage, or the entire op amp must be appropriately 
compensated 
to account 
for the additional 
loop gain. 


FIGURE 
7. 
High Power Voltage 
Follower 
with 
Swing 
Enhancement 
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Voo 


SW 1-8 


WR 
MM54104 
CMS 
SPj: 


INTR 
cs 
OSC 
SPEECH IN 


AOR 1-14 


ROATA 1-8 


ROMEN 


OSC 
OUT 


20pF 


~ 


220pF J. 


LH740AlLH740AC FET Input Operational 
Amplifier 


The 
LH740A/LH740AC 
is a FET input, 
general 


purpose 
operational 
amplifier 
with 
high 
input 
impedance, closely matched input characteristics, 
and good slew rates. Input 
offset 
voltage is typi· 
cally 10.0 mV at 25°C, while input bias current is 
less than 100 pA at 25°C. Offset current 
is typi· 


cally 
less than 40 pA at 25°C. Other Important 


design features include: 


• 
Internal 
6 dB/octave 
frequency 
compensation 


• 
Unity gain slew rate in excessof 6 VIllS 


• 
Unity gain bandWidth of 1 MHz 


• 
Input 
offset 
is adjustable with a single 10k pot 


• 
Pin compatible with LM741, LM709, LM101A. 


• 
Excellent 
offset 
current 
match 
over 
tell1pera· 


ture, typically 
100 pA 


• 
Output is continuously 
short·circuit 
proof 


• 
Excellent open loop gain, typically 
in excessof 


100 dB 


• 
Guaranteed over the full 
military 
temperature 


range 


The 
LH740A/LH740AC 
is intended 
to 
fulfill 
a 


wide variety 
of applications 
requiring 
extremely 


low bias currents such as integrators, sample and 
hold 
amplifiers, 
and general purpose operational 
amplifier applications. 


The 
LH740A 
is specified for operation 
over the 
-55 
C to +125°C military 
temperature range. The 


LH740AC 
is specified for operation 
over the O°C 
to +85"C temperature range. 
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lH740AC 


TV' 
MAX 
UNITS 


10 
20 
mV 


60 
150 
pA 


100 
500 
pA 


1.000.000 
Mn 


100,000 
VIV 


75 
n 


20 
mA 


dB 


dB -- 


3.0 
4.0 
mA 


60 
VfJJs 


10 
MH' 


300 
"' 
10 
" 


Supply Voltage 


Maximum 
Power 
Dissipation 


Differential 
Input 
Voltage 


Input 
Voltage 


Short 
Circuit 
Duration 


Operating 
Temperature 
Range 


-t.22V 


500mW 
t5V 


±15V 


Continuous 


-5SoC to +12SoC 


oOe to +8SoC 


-6SoC to +150°C 
300·C 


lH740A 
TV' 
MAX 


10 
15 


40 
100 


100 
200 


1,000,000 


100,000 


75 


20 


30 
40 


60 


10 


110 


10 
20 


PARAMETER 


Input Offset Voltage 


Input Offset Current 


Input Current 
(eIther 
mputl 


CONDITIONS 


As ~ l00kH 


TJ = 2SoC (Note 2) 


TJ = 2SoC (Note 2) 
TJ = 2SoC (Note 2) 


RL2:2k.H,VouT:!10V 
large 
Signal 
Voltage 
Gam 


OUlput 
ReSIstance 


Output 
Short,C,rCUlt 
Currenl 


Common 
Mode 
AejKllon 
RatiO 


Supply 
Voltage 
Rejection 
RallO 


Supply Current 


Slew Rate 


Unity Gain BandWIdth 


Transu!nt 
Response 
(Unity Ga"'l 


R,sellme 
Overshoot 


(These specifications 
apply for -55 
C::; TAS. 125 C tor the LH740A dnd a C $. TA'::; 
85"'C for the LH740AC unless otherwise noted,) 


Input 
Voltage 
R~nge 
1121. 
12 
V 


Common 
Mode 
RejKuon 
RallO 
80 
80 
d8 


Supp1v 
Volt. 
Relectlon 
RattO 
80 
d8 


Large 
Signal 
Voltage 
Gain 
V!V 


Outpul 
Voltage 
SWIng 
RL? 
10 k1! 
V 


RL?: 
1kH 
V 


BO 


40,000 


!11 
! 14 


no 
!13 


30 


60 
500 


11 
50 


50 


Note 1: 
For 
supply 
voltages 
less than 
±10V, 
the 
absolute 
maximum 
input 
voltage 
is equal 
to 
the 


supply 
voltage. 


Note 2: Due to high speed automatic testing, these parameters are correlated to junction temperature. 


Open Loop Frequency 
Response 


16' 


v. ~"'~- 
140 


120 
T •• -2SoC 


Rl-2k 
- 
- '" '"- 
.. 
I" 
~ 
10 
u 
" 


c 
•• 
~ 
" 


0 
40 
> 
,,\ 


20 
"- 
, 
101 
"t 
1M ,_ 


FREQUENCY 
IH,I 


10',,. 
i 
lOG 
.!.. ••• 
0i ••• 
1\ 
is ,,.i 
'DO 
\ 
101 
• • 
10 
,OO 
110 
lOG 


TEM,ERATURE 
rCI 


~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


LH2011/LH2011 B/LH2011 C Dual Operational Amplifiers 


The LH2011 series of dual operational 
amplifiers 
contain 
a 


pair of LM11 op amps in a single 
hermetic 
package, 
com- 


bining 
the best features 
of existing 
bipolar 
and FET op 


amps. The LH2011 is similar 
to the LH2108A, except 
that 


input currents 
have been reduced by more than a factor of 
ten. Offset 
voltage 
and drift have also been improved. 


Compared 
to FETs, the device 
provides 
inherently 
lower 


offset 
voltage 
and offset 
voltage 
drift, along with at least 


an order of magnitude 
better long-term 
stability. 
Low fre- 
quency 
noise is also somewhat 
reduced. 
Bias current 
is 


significantly 
lower even under laboratory 
conditions, 
and 


the low drift 
makes 
compensation 
practical. 
Offset 
cur- 


rent 
is almost 
unmeasurable. 
Although 
not 
as fast 
as 
FETs, it does 
have a much 
lower 
power 
drain. 
This low 


dissipation 
has the added advantage 
of eliminating 
warm 
up time in critical 
applications. 


Typical 
characteristics 
for 25°C (- 
55°C to 125°C) are: 


• 
Offset 
voltage: 
100 p.V(200 p.V) 


• 
Bias current: 
25 pA (65 pAl 


• 
Offset 
current: 
0.5 pA (3 pAl 


• Temperature 
drift: 
1 p.V/oC 


• 
Long-term 
stability: 
10 p.V/year 


The LH2011 is internally 
compensated, 
but external 
com- 
pensation 
may be added for improved 
frequency 
stability, 


particularly 
with 
capacitive 
loads. 
Offset 
voltage 
bal- 


ancing is also provided, with the balance range determined 
by a low-resistance 
potentiometer. 


Otherwise, 
the device 
is the electrical 
equivalent 
of the 


LH2108, except 
that the negative 
common-mode 
limit 
is 


O.BV less, 
performance 
is 
specified 
down 
to 
± 2.5V 
and the guaranteed 
output 
drive has been increased 
to 


± 2 mA. The input noise is somewhat 
higher, but amplifier 
noise 
is obscured 
by resistor 
noise 
with 
higher 
source 


resistances. 


The LH2011 has applications 
as electrometer 
amplifiers, 


charge 
integrators, 
analog 
memories, 
low frequency 
ac- 


tive filters 
or for frequency 
shaping 
in slow servo loops. It 
can 
be substituted 
for 
existing 
circuits 
to 
provide 
im- 


proved 
performance 
or eliminate 
trimming 
operations. 


The greater 
precision 
can 
also 
be used 
to extend 
the 


dynamic 
range of logarithmic 
amplifiers, 
light meters and 
solid-state 
particle 
detectors. 


The LH2011 is manufactured 
with standard 
bipolar 
proc- 


essing 
using super-gain 
transistors. 


COMP 
15 


INV INPUT 
4 


NON-INV 
INPUT 5 
BALANCE 
{ 
2 


INPUT { 
4 


NON.INV 
INPUT 
13 


7 
COMP 


Order Number 
LH2011D, 
LH20118D, 


or LH2011CD 
See Package 
D16C 


BALANCE 
{ 
2 


INPUT { 
: 


Order Nurmer 
LH2011F 


or LH20118F 
See Package 
F168 


Absolute Maximum Ratings 


Vs 
Total Supply Voltage 
40V 


I'N 
Input Current (Notel) 
±10mA 


PD 
Power Dissipation 
at 25·C 
500mW 


Derate Linearly 
above 100·C at 100·C/W 


Isc 
Output Short-Circuit 
Duration 
(Note2) 
Indefinite 


TJ 
Junction 
Temperature 
150·C 


Tsl9 
Storage Temperature 
Range 
- 65·C to + 150·C 


TA 
Operating 
Temperature 
Range 
LH2011CD 
-25·Cto 
+85·C 
LH2011 D. LH2011 F 
-55·Cto 
+125·C 
LH2011 SO, LH2011 SF 
-55·Cto 
+125·C 


Lead Temperature(Soldering.l0 
seconds) 
300·C 


Electrical Characteristics 
Vs = ± 15V. TMIN:sTJ=5TMAXunless 
noted. 


Parameter 
Conditions 
LH2011 
LH2011B 
LH2011C 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Vas 
Input Offset 
I TJ=25·C 
0.1 
0.3 
0.2 
0.6 
05 
1 
mV 
Voltage 
0.6 
1.1 
1.3 


los 
Input Offset 
I TJ = 25·C 
0.5 
10 
1 
10 
4 
25 
Note 3 
pA 
Current 
30 
30 
50 


IB 
Input Bias 
I TJ =25·C 
25 
50 
40 
100 
70 
180 
Current 
150 
300 
400 
pA 


R'N 
Input Resistance 
10" 
10" 
10" 
!l 


:..vosl:>T Offset Voltage 
1 
3 
2 
5 
3 
"VI·C 


Drift 


.lIB/:>T 
Bias Current Drift 
Note 4 
05 
1.5 
0.8 
3 
1.4 
pA/·C 


aloslaT 
Offset Current 
20 
20 
50 
fA/·C 


Drift 


Av 
Large Signal 
Vs= ± 15V 
I TJ=25·C 
100 
300 
100 
300 
50 
300 
Voltage Gain 
10= ±2 mA 
Vo= ±12V 
Vo= ±11.5V 
50 
50 
15 
V/mV 
Vs- ± 15V 
I TJ-25·C 
250 
1200 
250 
1200 
90 
800 
10= ±0.5 mA 
Vo= ±12V 
Vo=±11.5V 
100 
100 
30 


CMRR 
Common-Mode 
I TJ=25·C 
110 
130 
110 
130 
96 
110 
dB 
Rejection 
VCM= 
-13V, +14V 
100 
100 
90 


PSRR 
Power Supply 
I TJ=25·C 
100 
118 
100 
118 
84 
100 
dB 
Rejection Ratio 
Vs= ±2.5V to ±20V 
96 
96 
80 


Is 
Supply Current 
I TJ=25·C 
0.3 
0.6 
0.3 
0.8 
0.3 
0.8 
0.8 
mA 
1 
1 


Isc 
Output Short 
TJ =TMAX 
±15 
±15 
±15 
mA 
Circuit Current 


Note 1: The inputs are shunted with back-la-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential 
input voltage in ex- 
cess of 1V is applied between the inputs unless some limiting resistance is used. In addition, a 2 kU minimum resistance in each input is advised 10avoid 
possible latch-up initiated by supply reversals. 


Note 2: Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continuous overloads. package dissipa- 
tion must be taken into account and heat sinking provided when necessary. 


Note 3: These specifications 
apply for test at Vs = :t 15V and VCM = -12.5V 
(-13V 
at 25°C), 14V; Vs = :t 20V and VCM = OV:in addition, Vas is also tested at 
Vs = ± 2.5V and VCM = OV. 


Note 4: Drift parameters are sample tested to 5% LTPDat the same conditions as Note 3. The values are average·calculated from measurements at 25°C and 
12S·C. 
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... ~_a _ .. __ • __ .•.•..••• 
11...- ••••••••'''''. 
\ ••••IIUQIQIU 
••II;;O 
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150 
5 
, 
100 
/ 
±2.5V 
S Vs $ ±20V 
±2.5V 
S Vs S ±20V 
50 
TJ '" 2SoC 


~ 
;; 
MAXIMUM/ 
//. 
~ 


4 
.g 


20 
---TYPICAL 
'DO 


•... 
./ 
'// 
\. 


,j011C 


z 
~ 
•... 


~ 


10 
z 
~ 
.-/ 
/ 
/ 
w 
~ 
3 
LH2011C 
~ 
....... 
1'0.. 
~ 
5 
.' 
~ 
> 
//. 
~ 
50 
•... 
•... 
u 
1'-.... .•.•.••.::-.... 
2 
2 
~ 
// 
.. 
~"i- 
I 
./ 
iD 
-.....: 
0 
0 
1.0 ~ 


•... 
lH2011 
•... 
•... 
./ J' 
~ 
0 
~ 
~ 
0.5 
z 
N 
z 
1 
./ 
~ 
fu;zo;;""I.•.../ 
z 


1\ 
0.2 "'"-- 
-50 
0 
0.1 


-50 
0 
50 
100 
'50 
-50 
0 
50 
100 
ISO 
105 
106 
10' 
108 
109 


TEMPERATURE re) 
TEMPERATURE re) 
SOURCE 
RESISTANCE 
1m 


Drift: 
Single 
Source 
Resistor 
(Unbalanced) 
Equivalent 
Input 
Noise 
Input 
Noise 


1k 
// 


10k 
100 
20 


~ 


600 
TMIN ~ TJ -:; TMAX 
TJ '" 2SoC 
fMAX 
E 1 H2 


---MAXIMUM 
'// 
5k 
50 
As= 
100Hl 


- -1- 
TYPICAL 
/ 
~ 


z 
~ 


TJ:: 
25 C 
.3 
200 
0 
10 
•... 
/ 
~ 
~ 
100 
~ 
2k 
20 
n 
~ 
// 
1/ 
co 
~ 
jY 
f"'.. 
N· 
50 
~ 
!v_ 
.•....• 
L•••. , 
, 
'// 
~ , 
~ 
~ 
lH2011'Y 
.. 
1k 
10 
m 
> 
0 


~ 


20 
•... 
.•.., 
z 
" 
.// 
/ 
0 


...• 
~ 


10 
> 
500 
-C~F=~ 
I--- 
5 
;; 
~ 
•... 
---- 
"'" 
1-- 


~ 


•... 


5 
C 
~ -10 
~ 
---u;"2011/' 
z 
z 
200 
VOLTAGE 
2 
0 
2 


1 -- 
100 
1 
10' 


-20 


105 
106 
108 
109 
10 
100 
1k 
10k 
lOOk 
0 
100 
200 
300 
400 


SOURCE RESISTANCE 
1m 
FREQUENCY 
1Hz) 
TIME 
(sl 


Input 
Common· 
Mode 
Limits 
Common· 
Mode 
Rejection 
Large 
Signal 
Voltage 
Gain 


0 
'-v' 
~osli'VE 


140 
-j~ 


, 
140 
- 


f-. 
........•.. 
f<O.1 
Hz 
Vs = ±15V 
0 
VSAT" 
1.5V 
120 
10 " 
2 
T 
- 
I"" 
"WCMmax 
~ 
RL>2Vslkn) 
z 
•... 
-1 
I 
I 
I 


0 
100 
130 
,....- 
i 
i 


CMR~"" 
',.o.Vos <100 IJ,V 
~ 
- 
:; 
of 2.SV ~ Vs ~ ±20V 
z 


-5~ 
- 
.WOS<10p.V 
80 


'" 
1 
~ 
-~ 
00 
2- 
I 
I 


120 
,,,,: 
~C 
,..• 
~ 
r-- 
0 
60 
:0 
~ 
~ 
I\. 
.. 
~. 
-- 
I 
i< 


•... 
•.. 
,. 
f-. 
40 
0.1 
0 


~ 


1 
,. 
I." 
::; 
> 
110 
•.. 


NEGATIVE 
~ 
20 
~ 
" 


125 C 
I 
, 
" 
v 
, 


0 
0 
0.01 
100 


-50 
0 
50 
100 
150 
1 
10 
100 
1k 
10k 
lOOk 
1M 
0 
4 
8 
12 
16 


TEMPERATURE 
(OCI 
FREQUENCY 
(Hz) 
SUPPl Y VOL TAGE (:tV) 


Output 
Saturation 
Supply 
Current 
(Each 
Threshold 
Supply 
Rejection 
Amplifier) 


0 
\.V+ 
I 
120 
400 
---125·C 
- 
l25"C 
,~ 
---25C 
'00 


-.•. 
---25C 
~ 
- 
55"C 
"- 
NEJATIVJ_ 


--- 
-5~ 
C 
~ 
-- 
- 
" 
~ 
1--- 
.. 
...• •••• "... 
z 
80 
"- 


r-- 
•... 
r.:: 
•... 
0 
r' 
~UPPl 
Y 
z 
0 
2 
i 


> 
±2.5V -:; Vs -:; t15V 
...• 
60 
~ 
z 


_ 
POSITIV~ 
•.~, 
~ 
300 
0 
~VOS '" lOpV 
~ 
I 
i 


2 
.1VOS" 
20pV 
(125°CI 
>- 
40 
"'\ 


>- 
ISUPP~ Y 
~ 


! f 
- - - 
~ 
20 
I 
~ 
1 
~ 
'-. 
-- 
- 
0 
.;. 


v- 
I 
0 
-20 
200 
0 
I 
2 
3 
4 
10 
100 
1k 
10k 
lOOk 
1M 
10M 
I 
10 
'00 


LOAD CURRENT (±mA) 
FREOUENCY 
(Hz) 
SUPPl Y VOL TAGE (±Vl 


120 


100 


- 
80 


z~ 
60 


u 
40 
~ 
> 
20 


., 
" 
"GAIN 
~". ., 
PHASE 7'{- 
Y, , 
y 
---Cc=O 
- ~ 
---Cc"'1000pF 
- 


-20 


0.1 
10 
100 
lk 
10k 
lOOk 
1M 


FREOUENCY 
(Hz) 


>- 
: 
0.1 
~ 


100 
1k 
10k 
lOOk 
1M 
10M 


FREOUENCY 
(Hz) 


10-9 
10-8 
10-7 
10-6 
10-5 


CAPACITIVE 
LOAD 
(F) 


When working 
with 
circuitry 
capable 
of resolving 
pico- 
ampere levei signals, leakage currents in circuitry 
external 


to the op amp can significantly 
degrade 
performance. 


High quality 
insulation 
is a must (Kel-F and Teflon rate 


high). Proper cleaning 
of all insulating 
surfaces 
to remove 


fluxes 
and other residues 
is also required. This includes 
the IC package 
as well 
as sockets 
and printed 
circuit 


boards. When operating 
in high humidity 
environments 
or 


near O·C, some form of surface coating 
may be necessary 
to provide a moisture 
barrier. 


The effects 
of board leakage can be minimized 
by encir- 


cling 
the 
input 
circuitry 
with 
a conductive 
guard 
ring 


operated 
at a potential 
close 
to that of the inputs. 
For 


critical 
applications, 
the floating 
metal 
lid is best con- 
nected to the guard. This might be accomplished 
with a 


dab of conductive 
paint 
connecting 
the metal 
lid to the 


"no-connection" 
pin 14. 


Electrostatic 
shielding 
of 
high 
impedance 
circuitry 
is 
advisable. 


Error voltages 
can also be generated 
in the external 
cir- 


cuitry. Thermocouples 
formed 
between dissimilar 
metals 
can cause hundreds of microvolts 
of error in the presence 
of temperature 
gradients. 
The most troublesome 
thermo- 


couples are the junction 
of the IC package and the printed 


circuit 
board 
(35 !,-V'·C for 
copper-kovar) 
and 
internal 
resistor connections. 
Problems can be avoided by keeping 


low level circuitry 
away from heat generating 
elements. 


Mounting 
the IC directly 
to the PC board while 
keeping 
package 
leads short 
and the input 
leads close together 
can also help. 


With the LH2011 there is a temptation 
to remove the bias- 
current-compensation 
resistor 
normally 
used on the non- 


inverting 
input of a summing 
amplifier. 
Direct connection 


of the inputs to ground or a low-impedance 
voltage source 


is not recommended 
with 
supply 
voltages 
greater 
than 
about 3V. The potential 
problem 
involves the loss of one 


supply which can cause excessive 
current 
in the second 


suppiy. Destruction 
of the IC could result if the current to 


the input of the device is not limited to less than 100 mA or 
if there is much more than 1!,-Fbypass on the supply buss. 


Although 
these difficulties 
can be largely avoided 
by in- 


stalling 
clamp diodes across the supply lines on every PC 


board, a conservative 
design would include enough resist- 
ance in the input lead to limit current to 10 mA if the input 
lead is pulled 
to either supply 
by internal 
currents. 
This 


precaution 
is by no means limited 
to the LH2011. 


Input Guarding 


Input 
guarding 
can drastically 
reduce 
surface 
leakage. 


Layout for the LH2011 is shown here. Guarding 
both sides 


of board 
is required. 
Bulk leakage 
reduction 
is less and 


depends 
on guard ring width. 


OUTPUT 
COMP 
I I 


Guard ring is connected 
to low impedance 
point at same 
potential 
as sensitive 
input leads. Connections 
for various 
op amp configurations 
are shown 
here. 


Input Protection 


Current 
is limited 
by R2 even when input is connected 
to 
voltage source outside common-mode 
range. If one supply 
reverses, current 
is limited 
by R1. These resistors 
do not 
affect 
normal operation. 


Input 
resistor 
limits 
current 
when 
input 
exceeds 
supply 
voltages, 
when power for op amp is turned off or when out- 


put is shorted. 


Balancing 
and Over-Compensation 


Over-compensation 
will improve 
stability 
with capacitive 


loading 
(see curves). Offset 
voltage 
adjustment 
range is 


determined 
by balance 
potentiometer 
resistance 
as indi- 
cated in the table. 


MinAdj 
Range 


±5 
mV 


~2 


100 kn 


10k 


3k 


3k 


lk 


Resistance 
Multiplication 


Equivalent 
feedback 
resistance 
is 10 GO, but only stand· 


ard resistors 
are used. Even though 
the offset 
voltage 
is 
multiplied 
by 
lOa, 
output 
offset 
is 
actually 
reduced 
because 
error is dependent 
on offset 
current 
rather than 


bias current. 
Voltage 
on summing 
junction 
is less than 


5mV. 


A high·input·impedance 
ac amplifier 
for a piezoelectric 


transducer. 
Input 
resistance 
of 880 MO and gain of 10 is 


obtained. 


R2 
R." 
OUTPUT 
100M 
9.911. 
Xl r:::::::J 
'" 
'" 


~ 


R' 
22M 


RJ 
':" 
1M,% 


Your 
RJ 
R. 


R2 
510 
182k 


19.611. 
1% 


1% 


Rf= R2 (1 +~) 


R2» 
R3# R4 


.• gain trim 


Follower 
input resistance 
is 1GO. With the input open, off· 
set voltage 
is multiplied 
by lOa, but the added error is not 


significant 
because 
the op amp offset 
is low. 


RJ 
10k 


V'N 


R2 
10M 


Rl 
1M 


':" 


This circuit 
multiplies 
RC time constant 
to 1000 seconds 


and provides 
low output 
impedance. 


Cl 
*"'.' 


( 
R2) 
R2 + R3 + R4 
RIN=R1 
1+- 
Av=---- 


R3 
R2+ R3 


Cable Bootstrapping 


Bootstrapping 
input 
shield 
for a follower 
reduces 
cable 


capacitance, 
leakage, 
and spurious 
voltages 
from cable 


flexing. 
Instability 
can be avoided with small capacitor 
on 
input. 


With 
summing 
amplifier, 
summing 
node 
is 
at 
virtual 


ground 
so input shield 
is best grounded. 
Small 
feedback 
capacitor 
insures 
stability. 


nC;::U;::HVI 
111l;:)IIICllvIIC;:) 
OIIU 
;:)llOy 
vO"'OvllVI;:) 
;:)IIUUIU 
balanced 
out for best common-mode 
rejection. 


VCM(MAX)= 
~ 
VOUT(MAX) 
sC:F 
R3 


[ 


- 


INPUTS 


±210V 
MAX 
+ 


* gain set 
t trim for dc CMRR 


fo= 
10 Hz 


High gain differential 
instrumentation 
amplifier 
includes 
input guarding, 
cable 
bootstrapping 
and bias current 
compensa- 
tion. Differential 
bandwidth 
is reduced by C1 which also makes common-mode 
rejection 
less dependent 
on matching 
of input 
amplifiers. 


VS=±15V 
t trim for dc CMRR 
* trim for ac CMRR 


R1 
200k 
1% 


R4tt 
Rl" 
INPUTS 
1M 
2k 
1% 


R8** 
R11 


5Dk 
lOOk 
1% 


R6 
R9 


1G 
200k 
1% 


tt 
current zero 
* voltage balance 


gain 
t de CMRR 
* * 
ac CMRR 


For moderate-gain 
instrumentation 
amplifiers, 
input amplifiers 
can be connected 
as followers. 
This simplifies 
circuitry, 
but 
A2 must also have low drift. 


Rl =R3; 
R2=R4 


R2 
AV=- 


Rl 


t trim for dc CM RR 
* set for ac CM RR 


Bias Current 
Compensation 


Precise 
bias current 
compensation 
for use with 
unreg- 
ulated 
supplies. 
Reference 
voltage 
is available 
for other 


circuitry. 


Rl 


10k 
R2 
R3 


68k 
30k 


01 
lMJ85 
1.2V 


This circuit 
shows how bias current compensation 
can be 
used on a voltage 
follower. 


III 
280~A 


High-input-impedance 
millivoltmeter. 
Input current 
is proportional 
to input voltage, about 10 pA at full-scale. 
Reference could 
be used to make direct 
reading 
linear ohmmeter. 


Rl 


20. 
v' 
v' 


R2 
R16 


68' 
Uk 


T 
81 
I 
9V 


0' 
RJ 
_1- 


lM385 
80' 
~OFF 
1.2V 
R17 
R20 


8.2k 
" q 


R' 
.m,,,,,! 


1.3M 
v' 


/1/ 
OK 


!VBAl 


R18 
8.2k 


IBAl 
-- 


R5 
T 
82 
lOOk 
I 
9V 


R,9 
_1- 


R6 
Uk 


2M 
v- 


• 1x scale calibrate 


t 3 x scale calibrate 
* Includes reversing switch 


16 


R12 
2. 


SCALE 


J. 
h 
Rll 
0 


8.17 
1% 
R'J 
R8 
R9 
R'O 
2.5k 
75 
750 
7.5k 


1% 
1% 
1% 
01 
02 
R14* 
A1St 


lN451 
lN457 
tt 
15. 
1.2511 


Ml 
100"" 


Ammeter 


Current 
meter 
ranges 
from 100 pA to 3 mA full-scale. 
Voltage 
across 
input 
is 100 p.Vat lower ranges 
rising 
to 3 mV at 3 mA. Buf- 
fers on op amp are to remove 
ambiguity 
with 
high-current 
overload. 
Output 
can also 
drive DVM or DPM. 


JJ1 


3.32k 


J3.2k 


v' 
J32k 


Rl 
3.J2k 
10' 


1M 


01 
R2 
10M 
lMJ85 
'Ok 
1.2V 


100M 


R' 
,. 


'D' 


R' 
1k 
,. 
v' 


R' 


'NPUT 
{: 


10k 


R12 
0.8 


t 1 x scale calibrate 


* 3x scale calibrate 


1:includes reversing switch 


Precision 
current 
source 
has 10 p.A to 10 mA ranges 
with output 
compliance 
of 30V to - 5V. Output 
current 
is fUlly adjustable 
on each 
range 
with 
a calibrated, 
ten-turn 
potentiometer. 
Error light 
indicates 
saturation. 


81 
- 
'v l 
(>S.4V) 
I 


RZ'" 
A 
02 


lD5k 
1', 


ERROR 
BATTERY 


OK 
III 


L BATTERY 
,TEST 


Rl' 
100M 
1% 
~ 


1ft calibrate 
range 


tselect 
for lCBosl00 pA 


Fast Amplifiers 


These 
inverters 
have 
bias 
current 
and 
offset 
voltage 
of 
LH2011 along 
with 
speed 
of the FET op amps. 
Open 
loop 
gain 
is about 
140 dB and settling 
time 
to 1 mV about 
8 J1.s. 


Overload-recovery 
delay 
can be eliminated 
by direct 
cou- 
pling 
the FET amplifier 
to summing 
node. 


C1 
RJ 
C2 


150pF 
2k 
O.47JlF 


R' 
OUTPUT 


1M 


01 
lN451 
':" 
R'm 
v· 


':" 


Rl 
R5 


10k 
10k 


INPUT 


R2 
24k 


Cl 


SOOpF 


This 100 x amplifier 
has small 
and large signal 
bandwidth 


of 1 MHz. The LH2011 greatly 
reduces 
offset 
voltage, 
bias 


current 
and gain error. Eliminating 
long recovery 
delay 
for 


greater 
than 100% overload 
requires 
direct 
coupling 
of A2 


to input. 


Follower 
has 10 J1.S settling 
to 1 mV, but signal 
repetition 
frequency 
should 
not exceed 
10 kHz if the FET amplifier 
is 


ac coupled 
to input. 
The circuit 
does 
not 
behave 
well 
if 
common-mode 
range 
is exceeded. 


Proportional 
control 
crystal 
oven 
heater 
uses 
leadllag 


compensation 
for fast settling. 
Time constant 
is changed 


with R4 and compensating 
resistor 
R5. If 02 is inside 
oven, 


a regulated 
supply 
is recommended 
for 0.1"C control. 


RJ 
10k 
TEMP SET 
(85°C) 


* solid tantalum 


t mylar 
* close thermal coupling between sensor and oven shell is recommended. 


SAMPLE 
U 
* Polystyrene or Teflon 


t required if protected· 


gate switch is used 


Cl" 
-:r 


A peak detector 
designed 
for extended 
hold. Leakage currents 
of peak-detecting 
diodes and reset switch 
are absorbed 
before 
reaching 
storage 
capacitor. 


t requIred if 01 has gate- 


protection diode 


* Polystyrene or Teflon 


300 'is min single pulse 


200 liS min repetitive pulse 


300 Hz max sine wave error < 5 mV 


Reset is provided for this integrator 
and switch 
leakage is 
isolated 
from 
the summing 
junction. 
Greater 
precision 


can be provided 
if bias-current 
compensation 
is included. 


Battery 
powered 
buffer 
amplifier 
for standard 
cell 
has 


negligible 
loading 
and disconnects 
cell 
for 
low supply 
voltage 
or 
overload 
on 
output. 
Indicator 
diode 
extin- 


guishes 
as disconnect 
circuitry 
is activated. 


Rl 
2k 
01 
01 


3N163 
lN457 


R2' 


,"k 


"=" 
R3 
10k 
v· 


Q2 


3N163 


.• Polystyrene or Teflon 


t required if protected- 
gate switch is used 


T 
81 
I 
9V 
_1- 


Logarithmic 
Amplifiers 


Unusual 
frequency 
compensation 
gives 
this 
logarithmic 
converter 
a 100 P.s time 
constant 
from 
1 mA down 
to 
100 p.A, increasing 
from 200 P.sto 200 ms from 10 nA to 10 pA. Optional 
bias current 
compensation 
can give 10 pA 
resolution 
from 
- 55·C to 100·C. Scale factor 
is W/decade 
and temperature 
compensated. 


cz 
410pF 


a. Sel Rl1 lor VOUT = 0 ailiN 
= 100_A 


b. Sel R8 for VOUT = 3V al fiN = l00_A 


c. Sel R3 for VOUT = - 4V ailiN 
= 10 pA 


t 3300 ppm/·C. Type Q209 available 
from Tel Labs, Inc., Manchester, 
N.H. 


C3 


TO'''"' 


Light 
meter 
has eight-decade 
range. Bias current 
compensation 
can give input 
current 
resolution 
of better 
than 
± 2 pA over 15·C to 55·C. 


T 
81 


0" 
0" 
I .v 
m 
1.511 
_I- 


'=" 


v- 


o. 
'=" 


" 
R11t 


1M 


08 
2k 
03 
2N4250 


0" 
R16- 
150 
Uk 


R1S* 
5.6k 
0-100,uA 


v- 
'=" 


* VI = 0 @ IIN = 100 nA 
t VI = -0.24V 
@ IIN = 10 pA 


• 
Ml =0 
@ fiN = 10 pA 
** 
M1 =fs@IIN=1 
mA 


[ 


- "'" 


INPUT 


+ ~ IIII 


Input offset voltage: 
That voltage 
which must be applied 
between the input terminals 
to bias the unloaded 
output in 
the linear region. 


Input offset 
current: 
The difference 
in the currents 
at the 
input terminals 
when the output 
is unloaded 
in the linear 
region. 


Input bias current: 
The absolute 
value of the average of 
the two input currents. 


Input resistance: 
The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 


Large signal voltage 
gain: 
The ratio of the specified 
out- 
put 
voltage 
swing 
to 
the 
change 
in differential 
input 
voltage 
required 
to produce 
it. 


Common-mode 
rejection: 
The ratio 
of the input 
voltage 
range 
to 
the 
change 
in 
offset 
voltage 
between 
the 
extremes. 


Temperature 
drift: 
The change 
of a parameter 
measured 
at 25'C 
and either 
temperature 
extreme 
divided 
by the 
temperature 
change. 


Supply-voltage 
rejection: 
The 
ratio 
of 
the 
specified 
supply-voltage 
change 
(either 
or both 
supplies) 
to the 
change 
in offset 
voltage 
between 
the extremes. 


Supply 
current: 
The 
current 
required 
from 
the 
power 
source 
to operate 
the amplifier 
with the output 
unloaded 
and operating 
in the linear range. 


~National 
~ 
Semiconductor 


LH2101A1LH2201A1LH2301A Dual High 
Performance Op Amp 
General Description 


The LH2101A 
seriesof dual operational amplifiers 


are two LM101A 
type op amps in a single hermetic 
package. Featuring all the same performance char· 
acteristics of the single, these duals offer in add ition 
closer 
thermal 
tracking, 
lower 
weight, 
reduced 
insertion 
cost, and smaller size than two 
singles. 


For additional 
information, 
see the LM101A 
data 
sheet and National's Linear Application 
Handbook. 


The LH2101A 
is specified for operation 
over the 
-55°C 
to +125°C military 
temperature range. The 
LH2201A 
is 
specified 
for 
operation 
over 
the 


Connection Diagram 


Operational Amplifiersl Buffers 


_25°C to +85°C temperature range. The LH2301 A 
is specified for operation 
over the O°C to +70°C 


temperature 
range. 


• 
Low offset voltage 


• 
Low offset current 


• 
Guaranteed drift 
characteristics 


• 
Offsets guaranteed over entire common 
mode 


and supply voltage ranges 


• 
Slew rate of 
lOV!lls 
as a summing 
amplifier 


v· 


BALANCE 


2 
OUTPUT 
COMPENSATION 


16 
OUTPUT 


BALANCE 


10 
OUTPUT 


COMPENSATION 


OUTPUT 


Order Number 
LH2101AD 
or LH2201AD 
or LH2301AD, 
see Package 
D16C 
LH2101AF, 
LH2201AF, 
LH2301AF, 
see Package 
F16B 
LH2101AJ, 
LH2201AJ, 
LH2301AJ, 
see Package 
J16A 


Cl'~ 


Cs'lG,F 


[1.10(1 


Cl~ 


Cs 
)Opf 


Supply Voltage 
Power OISSlpatlon(Note 11 
Olfferentlal 
Input VOltage 


Input Voltage (Note 21 
Output Short,Clrcuit 
Duration 


·22V 


SOOmW 


-30V 
-15V 
Con(tnuous 


Operating Temperature Range 
LH2101A 
LH220IA 
LH2301A 


55Ctol75C 
-25 
C to SSC 
OCto 
70"C 


-65 
Cto150C 
300 C 


Average Temperature 


Coefficient 
of Input 


Offset Voltage 


Average Temperature 


CoefficIent 
of Input 


Offset Current 


Input 
Voltage Range 


Common Mode 


Rejection 
RatIO 


TA '" 25°C, As < 50 kS! 


TA=25~C 


TA 
'" 25 C 


TA 
- 25 C 


TA - 25°C. Vs ,..!20V 


TA '" 25°C, Vs = !15V 


VOUT 
-= ±10V, 
RL ~ 
2 kSl 


As <; 50 k!l 


TA = +125°C. Vs:O ±20V 


Vs =! 
15V, VOUT 
:0 flOV 


RL 
~ 
2 k!l 


Vs=±15V,Al 
- 
10kH 


RL-2kn 


LIMITS 


UNITS 


LH2101A 
LH2201A 
LH2301A 


20 
20 
75 
mV Max 


10 
10 
50 
nA Max 


75 
75 
250 
nA Max 


15 
15 
05 
MnMII1 


30 
33 
30 
mAMax 


50 
50 
25 
V/mVMII1 


30 
30 
10 
mV Max 


15 
15 
30 
J,l.V(C Max 


20 
20 
10 
nA Max 


01 
01 
03 
nA/oC Max 
02 
02 
0.6 
nAloC Max 


100 
100 
300 
nAMa •• 


2.5 
25 
mA Max 


25 
25 
15 
Vim V Mln 


! 12 
'12 
'12 
VMln 


!10 
'10 
' 10 
VMln 


'15 
±15 
! 12 
V MII1 


80 
80 
70 
dB Mln 


80 
80 
70 
dB Mln 


Note ,; 
The maximum 
junction 
temperature 
of 
the 
LH2101A 
is 150°C. 
while 
that 
of 
the 
LH2201A 
is 100°C. For operating 
tem- 


peratures of deVices in the flat package, the derating 
is based on a thermal 
resistance of 185°CIW when mounted 
on a 1/16-inch-thick 


epoxy 
glass board with 
0.03-inch-wide. 
2-ounce copper 
conductors. 
The thermal 
resistance of the dual-in-line 
package is 100° C/W, 


junction 
to ambient. 


Note 2: 
For supply voltages lens than t.15 V, the absolute maximum 
input voltage is equal to the supply voltage. 


Note 3: 
These specifications 
apply 
for 
.15 V " 
Vs 
'li;; .120 V and _55° C " 
T A " 
1250 C. unless otherwise specified. With the LH2201 A. 


however. all temperature 
specifications 
are limited 
to _25° C 0;;; TA " 85° C. For the LH2301 A these specIfications 
apply for 0° C " 
TA " 


70° C. and ±5 V " 
Vs " 
± 15 V. Supply current 
and input voltage range are specified as Vs '= .t 15 V for the LH2301 A. C1 = 30 pF unless 
otherwise specified. 


~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


LH21 08lLH 2208lLH 2308, 
LH2108A1LH2208A1LH2308A Dual Super Beta 
Op Amp 


The LH2108A/LH2208A/LH2308A 
and LH21081 
LH2208/LH2308 
series of dual operational 
amp· 


Iifiers 
are two 
LM108A 
or LM108 
type op amps 
in 
a single 
hermetic 
package. 
Featuring 
all 
the 


same 
performance 
characteristics 
of 
the 
single 


device, these duals also offer 
closer thermal track· 
ing, 
lower 
weight, 
reduced 
insertion 
cost, 
and 


smaller size than two single devices. For additional 
information 
see the LM 108A or LM 108 data sheet 


and National's 
Linear Application 
Handbook. 


The LH2108A/LH2108 
is specified for operation 


over the 
-55°C 
to 
+125°C 
military 
temperature 


range. 
The 
LH2208A/LH2208 
is 
specified 
for 


operation 
over 
the -25°C 
to +85°C 
temperature 


OUTPUT 


tOMP 


INPUT 
v· 


range. 
The 
LH2308A/LH2308 
is 
specified 
for 


operation 
over 
the 
O°C to 
+70°C 
temperature 


range. 


LH2108A 
LH2108 
0.3mV 
0.7 mV 


±15V 


Order 
Number 
LH2108AD, 
LH2208AD, 
LH2308AD, 
LH2108D, 
LH2208D, 
or LH2308D 
See Package 
D16C 
Order 
Number 
LH2108AF, 
LH2208AF, 
LH2308AF, 
LH2108F, 
LH2208F, 
or LH2308F 
See Package 
F16B 
Order 
Number 
LH2108AJ, 
LH2208AJ, 
LH2308AJ, 
LH2108J, 
LH2208J, 
or LH2308J 
See Package 
J16A 


-Impromltjection 
of POWIt' supplV 
noiM by I flt101 
of tin_ 


Feedforward 
Compensation 


Cl 


C, 


~l00PF 


1 
Cl--- 
2"'0 
R2 
'0 ~3MHI 


\i.' 
- 
N-I 
:I:- 
-1« 
_co 
coO 
ON 
NN 
N:I: 
:I:-I 
-1- 
-« 
COCO 
00 
NN 
:I::I: 
-I -I 


-, ...• 
LM.o!.jUtsA/LHLJUti 
O"'C to +70°C 


Output 
Short 
Circuit 
Duration 
Continuous 
Storage 
T ernperature 
Range 
-ii5°C 
to +150°C 


lead 
Temperature 
(Soldering, 
10 see) 
JOOoc 
Electrical Characteristics 
each side (Nole 4) 


LIMITS 
PARAMETER 
CONDITIONS 
UNITS 
lH2108 
lH2208 
lH2308 


Input 
Ofhet 
Voltage 
T. 
::: 2S"C 
2.0 
2.0 
7.5 
mV Max 


Input 
Ofhet 
CUffent 
T.:::2S'C 
0.2 
0.2 
1.0 
nA Max 


Input 
Bias Curren! 
T. 
:::2S"C 
2.0 
2.0 
7.0 
nA Max 


Input 
ReSistance 
T.::: 
2S"C 
30 
30 
10 
MnMin 


Supply 
Current 
T.::: 
2S"C 
0.6 
0.6 
0.8 
mA Max 


Large Signal Voltage 
Gain 
T. 
::: 2S C Vs" 
I lSV 
50 
50 
25 
V/mV 
Min 


VOUT::: 
! 10V, 
RL > 10 kH 


Input 
Offset 
Voltage 
30 
3.0 
10 
mV Max 


Average Temperature 
Coefficient 
15 
15 
30 
~Vt'C Ma. 


of Input 
Offset 
Voltage 


Input 
Offset 
Current 
04 
0.4 
1.5 
nA Max 


Average 
Temperature 
CoeffICient 
2.5 
25 
10 
pA/oC 
Max 


of Input 
Offset 
Current 


Input 
Bias Current 
30 
30 
10 
nA Max 


Supply 
Current 
T. 
" 
+ 12S C 
04 
04 
- 
mA Max 


Large Signal 
Voltage 
GaIn 
Vs" 
<lSV. 
VOUT 
'" '10V 
25 
25 
15 
V/mV 
Min 


RL> 
10 kU 


Output 
Voltage 
SWing 
Vs" 
+ lSV. 
RL 
::: 10 kH 
'13 
! 13 
!13 
VMIn 


Input 
Voltage 
Range 
Vs" 
'lSV 
'135 
'13.5 
! 14 
V Mln 


Common 
Mode 
Rejection 
RatiO 
85 
85 
80 
dB MIn 


Supply 
Voltage 
Rejection 
RatiO 
80 
80 
80 
dB MIn 


LIMITS 
UNITS 
LH2108A 
lH2208A 
lH2308A 


05 
05 
05 
mVMu 


02 
02 
10 
nA Max 


20 
20 
7.0 
nA Max 


30 
30 
10 
MOMln 


06 
06 
08 
mA Max 


80 
80 
80 
V/mV 
Mln 


10 
1.0 
0.73 
mV Max 


5 
5 
5 
IJV/oCMax 


04 
04 
1.5 
nAMu 


25 
25 
10 
pA/GC Max 


30 
30 
10 
nA Max 


04 
04 
- 
mA Max 


40 
40 
60 
V/mV 
Mln 


'13 
'13 
"3 
VMm 


'135 
'135 
n4 
VMm 


96 
96 
96 
dB Mln 


96 
96 
96 
dB Min 


Input 
Offset 
Voltage 


Input 
Ofhet 
Current 


Input 
Bias CUHent 


Input 
ReSistance 


Supply 
Current 


Large Signal Voltage 
Gain 


T A 
::: 25 
C 


T A 
" 
2S 
C 


T A 
::: 25 
C 


TA::: 
25"C 


TA::: 
25 
C 


T A 
" 25 C Vs 
'15V 
VOUT::: 
'10V. 
Rl 
:.> 10 kSl 


Input 
Of he I Voltage 


Average Temperature 
CoeffiCIent 


of Input 
Offset 
Voltage 


Input 
Offset 
Current 


Average Temperalure 
CoeffiCient 


of Inpul 
Offset 
Current 


Input 
Bias Current 


SUpply 
Current 


Large Signal Voltage 
Gain 


T A 
::: + 125 C 


Vs'" 
·15V. 
VOUT 
'" '10V 


RL> 
10 kU 


Vs'" 
~15V. 
RL '" 10kSl 


Vs'" 
~15V 


Output 
Voltage 
SWing 


Input 
Voltage 
Range 


Common 
Mode 
Rejecllon 
RatiO 


Supply 
Voltage 
Rejection 
RatIO 


Note 
1: 
The maximum 
junction 
temperature 
of 
the 
LH2108A/LH2108 
is 150°C. 
White 
that 
of 
the 
LH2208A/LH2208 
is 100°C 
and that 
of the 
LH2308A/LH2308 
is 85°C. 
For 
operating 
devices 
in the flat 
package 
at elevated 
temperatures. 
the derating 
is based on a thermal 
resistance 
of 
18SoC/W 
when 
mounted 
on a 1/16-inch-thick 
epoxy 
glass board 
with 
0.03·inch-wide. 
2·ounce 
copper 
conductors. 
The thermal 
resistance 
of the 
dual-in-line 
package 
is 100°C/W. 
junction 
to ambient. 


Note 
2: 
The inputs 
are shunted 
with 
back-to-back 
diodes 
for 
overvoltage 
protection. 
Therefore. 
excessive 
current 
will 
flow 
if a differential 
input 


voltage 
in excess of 1 V is applied 
between 
the inputs 
unless some limiting 
resistance 
is used. 


Note 
3: 
For supply 
voltages 
less than 
!.1SV. 
the absolute 
maximum 
input 
voltage 
is equal 
to the supplv 
voltage. 


Note 
4: 
These specifications 
apply 
for 
!.5V" 
VS" 
!.20Vand 
-5SoC" 
TA" 
12SoC. unless otherwise 
specified. 
With 
the 
LH220BA/LH2208. 
however. 
all 
temperature 
specifications 
are 
limited 
to 
_2SGC 
" 
TA 
" 
85°C 
and 
with 
the 
LH2308A/LH2308 
for 
15V 
" 
Vs 
" 
1SV 
and 
O°C"TA" 
70°C. 


~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


LH2110/LH2210/LH2310 Dual Voltage Follower 


The 
LH2110 
series of dual voltage followers 
are 


two 
LM110 
type 
followers 
in a single hermetic 


package. Featuring 
all the same performance 
char- 


acteristics 
of the single, these duals offer 
in addi- 


tion closer thermal tracking, 
lower weight, 
reduced 


insertion 
cost 
and smaller 
size than 
two 
singles. 


For 
additional 
information, 
see the 
LM110 
data 


sheet and National's 
Linear Application 
Notebook. 


The 
LH2110 
is specified 
for 
operation 
over the 


_55°C 
to +125°C 
military 
temperature 
range. The 
LH2210 
is specified for operation 
over the _25°C 


to +85°C temperature 
range. The LH231 0 is speci- 


v' 


t BALANCE 


lBALANCE 


fied for operation 
over the O°C to +70°C 
temper- 


ature range. 


• 
Low input current 


• 
High input resistance 


• 
High slew rate 


• 
Wide bandwidth 


• 
Wide operating 
supply range 


• 
Output 
short circuit 
proof 


Order Number 
LH2110D, 
LH2210D 
or LH2310D, 
See Package 
D16C 


Order Number 
LH2110F, 
LH2210F 
or LH2310F, 
See Package 
F16B 


Order 
Number 
LH2110J, 
LH2210J 
or LH2310J, 
See Package 
J16A 


1 nA 


10'0 ohms 


30V/lls 


20 MHz 


±5V to ±18V 


_55°C 
to 125°C 


-25<C 
to 85°C 
OCCto lO°C 


_65°C 
to 150°C 
300°C 


Operating 
Temperature 
Range 
LH2110 
LH2210 
LH2310 


±18V 
500mW 


±lSV 


Continuous 


Supply 
Voltage 


Power Dissipation 
(Note 
1) 


Input Voltage 
(Note 2) 
Output 
Short Circuit 
Duration 
(Note 3) 


Electrical 
Characteristics 
Each Side 
(Note 4) 


LIMITS 
PARAMETER 
CONDITIONS 
UNITS 


LH2110 
LH2210 
LH2310 


Input Offset Voltage 
T A = 25°C 
4.0 
4.0 
7.5 
mV Max 


Input 
Bias Current 
TA 
= 25°C 
3.0 
3.0 
7.0 
nA Max 


Input 
Resistance 
T A = 25°C 
10'0 
10'0 
1010 
n Min 


Input Capacitance 
1.5 
1.5 
1.5 
pF Typ 


Large Signal Voltage 
Gain 
T A = 25°C, Vs = ±lSV 
.999 
.999 
.999 
V/V Min 


VOUT 
= ±10V. RL 
= 8 kn 


Output 
Resistance 
T A = 25°C 
2.5 
2.5 
2.5 
n Max 


Supply 
Current 
(Each Amplifier) 
T A = 25°C 
5.5 
5.5 
5.5 
mA Max 


Input Offset 
Voltage 
6.0 
6.0 
10 
mV Max 


Offset Voltage 
-55°C"; 
T A"; 
85°C 
6 
6 
10 
~vfc 
Typ 


Temperature 
Drift 
T A = 12SoC 
12 
12 
- 
~vtc 
Typ 


Input 
Bias Current 
10 
10 
10 
nA Max 


Large Signal Voltage Gam 
Vs = ±lSV. 
VOUT 
= ~10V 
.999 
.999 
.999 
V/V Min 


RL: 
10 kl1 


Output 
Voltage Swing (Note 5) 
Vs: 
±15V, 
RL 
= 10 kl1 
±10 
±10 
±10 
V Min 


Supply 
Current 
(Each Amplifier) 
TA 
= 125°C 
4.0 
4,0 
- 
mAMax 


Supply 
Voltage 
Rejection 
RatiO 
±5V"; 
Vs"; 
'18V 
70 
70 
70 
dB Min 


Note 1: 
The maximum 
junction 
temperature 
of the 
LH2110 
is 150°C, 
while that 
of the 
LH2210 
is 1000e 
and that of the LH2310 
is 85°C. 
For 
operating 
devices 
in the 
flat 
package 
at elevated 
temperatures, 
the 
derating 
is based 
on a thermal 
resistance 
of 18Soe/W 
when 
mounted 
on a 
1/16-inch-thick 
epoxy 
glass board 
with O.03-inch-wide, 
2-ounce 
copper 
conductors. 
The thermal 
resistance 
of the dual-in-line 
package 
is 100°C/W. 
junction 
to ambient. 


Note 2: 
For supply 
voltages 
less than 
t 15 V. the absolute 
maximum 
input voltage 
is equal to the supply 
voltage. 


Note 3: 
Continuous 
short 
circuit 
is allowed 
for case temperatures 
to 12Soe 
and ambient 
temperatures 
to lOoe. It is necessary 
to insert a resistor 
greater 
than 
2 kn 
in series with the input 
when the amplifier 
is driven from low impedance 
sources 
to prevent 
damage 
when the output 
is shorted. 


Note 4: 
These specifications 
apply 
for ±SV " 
Vs ,;;;;1.18V and -55°C" 
TA '" 125°C. 
unless 
otherwise 
specified. 
With the LM210, however, 
all 
temperature 
specifications 
are limited 
to -25°C" 
TA" 
85°C, and for the LH2310, 
all temperature 
specifications 
are limited 
to oOe" 
TA"" lO°C. 


Note 5: 
Increased 
output 
swing under 
load can be obtained 
by connecting 
an external 
resistor 
between 
the booster 
and V- terminals. 


~National 
~ 
Semiconductor 
Operational Amplifiers/Buffers 


LH24250/LH24250C Dual Programmable 
Micropower Op Amp 


General Description 


The LH24250/LH24250C series of dual programmable 
micropower operational 
amplifiers are two LM4250 type 


op amps in a single hermetic package. Featuring all the 
same performance 
characteristics 
of the LM4250, the 


LH24250/LH24250C 
duals 
also 
offer 
closer 
thermal 


tracking, 
lower 
weight, 
reduced 
insertion 
cost 
and 


smaller size than two single devices. For additional 
in- 


formation, 
see the LM4250 data sheet and National's 


Linear Application 
Handbook. 


• 
±1V to ±18V power supply operation 


• 
Standby power consumption 
as low as 20 p.W 


• 
Offset current programmable 
from less than 0.5 nA 


to 30 nA 


• 
Programmable slew rate 


• 
May be shut-down using standard open collector TTL 


• 
Internally compensated and short circuit proof 


Ordering Information 
Order Number LH24250D or LH24250CD, see Package D16C 
LH24250F or LH24250CF, see Package F16B 
LH24250J or LH24250CJ, see Package J16A 


ISH 
v. 
0.1 
IJA 
O.5JJA 
1.0p.A 
5.A 
10pA 


±1.5V 
25.6 Mn 
5.04 MU 
2.5MU 
492 kn 
244 kG 


±3.0V 
55.6 MU 
l'.0Mn 
5.5MU 
1.09Mn 
544 kG 


±6.0V 
116Mn 
23.0Mn 
11.5 Mil 
2.29 MU 
1.14Mn 


±9.0V 
116Mn 
35.0MU 
17.5 Mil 
3.49 
Mil 
1.74Mn 


±12.0V 
236 Mil 
47.0 
Mn 
23.5 MU 
4.69Mn 
2.34 
Mil 


:!:lS.0V 
296MU 
59.0MU 
29.5 MU 
5.89 MU 
2.94 MU 


Quiescent Current (Iql 
vs ISET 


TA '" 25~C 


Vs" 
'15V 
Vs '" ±1.5V 


--_ ..... 
•••••.••• 
vIQ~III~ 
IIIJIlltJt::lC1lUft: 
MC:lnge 
LHO!4O!OU 
-05uGto 
125°G 
,...• 
Differential 
Input Voltage 
±15V 
LH24250G 
O"Gto 70"C 
J: 
Input Voltage 
(Note 2) 
±15V 
Storage Temperature 
Range 
-65°C 
to 15O"C 
-oJ 
ISETCurrent 
150I'A 
Lead Temperature 
(Soldering, 
10 see) 
300"C 
- 
0 
Electrical Characteristics 
LH24250, 
each 
amplifier 
(-55°C" 
TA"125°C 
unless 
otherwise 
specified) 
Lt) 
N 
Vs= 
±1.5V 
"l:t 
N 
Parameters 
Conditions 
ISET=11'A 
ISET= 10l'A 
Unlls 
J: 
-oJ 
Min. 
Max. 
Min. 
Max. 


Vos 
TA = 25°C, 
Rs"100kQ 
3 
5 
mV 


los 
TA = 25°C 
3 
10 
nA 


Ibias 
TA = 25°C 
7.5 
50 
nA 


Large 
Signal 
Voltage 
Gain 
TA = 25°C, 
RL = 100kQ 
40 
k 
Vo= 
±0.6V, 
RL=10kQ 
50 
k 


Supply 
Current 
TA = 25°C 
7.5 
80 
I'A 
Power 
Consumption 
TA=25°C 
23 
240 
I'W 


Vos 
Rs,,10kQ 
4 
6 
mV 


los 
TA = 25°C 
5 
10 
nA 
TA = 25°C 
3 
10 
nA 


Ibias 
7.5 
50 
nA 


Input 
Voltage 
Range 
±0.7 
±0.7 
V 


Large 
Signal 
Voltage 
Gain 
Vo= 
±0.6V, 
RL=l00kQ 
30 
k 
RL = 10kQ 
30 
k 


Output 
Voltage 
Swing 
RL = 100kQ 
±0.6 
V 
RL=10kQ 
±0.6 
V 


Common 
Mode 
Rejection 
Ratio 
Rs ,,10 kQ 
70 
70 
dB 


Supply 
Voltage 
Rejection 
Ration 
Rs,,10kQ 
76 
76 
dB 


Supply 
Current 
8 
90 
I'A 
Power 
Consumption 
24 
270 
JJ.W 


Vs=±15V 


Parameters 
Conditions 
ISET= 11'A 
ISET= lOI'A 
Units 


Min. 
Max. 
Min. 
Max. 


Vos 
TA=25°C, 
Rs,,10kQ 
3 
5 
mV 


los 
TA = 25°C 
3 
10 
na 


Ibias 
TA = 25°C 
7.5 
50 
nA 


Large 
Signal 
Voltage 
Gain 
TA = 25°C, 
RL = 100 kQ 
100 
k 
Vo= 
±10V, 
RL=10kQ 
100 
k 


Supply 
Current 
TA =25°C 
10 
90 
I'A 
Power 
Consumption 
TA = 25°C 
300 
2.7 
I'W/mW 


Vos 
Rs"10kQ 
4 
6 
mV 


los 
TA = 25°C 
25 
25 
nA 
TA = 25°C 
3 
10 
nA 


Ibias 
7.5 
50 
nA 


Input 
Voltage 
Range 
±13.5 
±13.5 
V 


Large 
Signal 
Voltage 
Gain 
Vo= 
±15V, 
RL=100Q 
50 
k 
RL=10kQ 
50 
k 


Output 
Voltage 
Swing 
RL = 100kQ 
±12 
V 
RL=10kQ 
±12 
V 


Common 
Mode 
Rejection 
Ratio 
Rs"10kQ 
70 
70 
dB 


Supply 
Voltage 
Rejection 
ratio 
Rs"10kQ 
76 
76 
dB 


Supply 
Current 
11 
100 
I'A 
Power 
Consumption 
330 
3 
I'W/mW 


Note 1: The maximum junction 
temperature 
of the LH24250 is 150'C, while that of the LH24250C is 100'C. The thermal resistance 
of the 


dual-in-line 
package is 100'C/W 
junction 
to ambient. 
For the flat package, the derating 
is based on a thermal 
resistance 
of 185'C/W 


when mounted 
on a 1/16 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. 


Note 2: For supply voltages 
less than 
±15V, the absolute 
maximum 
input voltage 
is equal to the supply voltage. 


3-404 


Electrical Characteristics 
LH24250C, 
each 
amplifier 
(O°C';; 
TA,;;70°C 
unless 
otherwise 
specified) 


Vs= 
±1.5V 


Parameters 
Conditions 
ISET= 
1IJA 
ISET= 
10IJA 
Units 


Min. 
Max. 
Min. 
Max. 


Vos 
TA = 25°C, 
Rs,;;100kQ 
5 
6 
mV 


los 
TA = 25°C 
6 
20 
nA 


Ib1as 
TA = 25°C 
10 
75 
nA 


Large 
Signal 
Voltage 
Gain 
TA = 25°C, 
RL = 100 kQ 
25 
k 
Vo= 
±0.6V, 
RL=10kQ 
25 
k 


Supply 
Current 
TA = 25°C 
8 
90 
IJA 


Power 
Consumption 
TA = 25°C 
24 
270 
IJW 


Vos 
Rs';;10kQ 
6.5 
7.5 
mV 


los 
8 
25 
nA 


Ibias 
10 
80 
nA 


Input 
Voltage 
Range 
±0.6 
±0.6 
V 


Large 
Signal 
Voltage 
Gain 
Vo= 
±0.6V, 
RL=100kQ 
25 
k 


RL = 10kQ 
25 
k 


Output 
Voltage 
Swing 
RL = 100kQ 
±0.6 
V 
RL=10kQ 
±0.6 
V 
Common 
Mode 
Rejection 
Ratio 
Rs,;;10kQ 
70 
70 
dB 


Supply 
Voltage 
Rejection 
Ratio 
Rs';;10kQ 
74 
74 
dB 


Supply 
Current 
8 
90 
IJA 


Power 
Consumption 
24 
270 
IJW 


Vs=±15V 


Parameters 
Conditions 
ISET = 1IJA 
ISET = 10IJA 
Units 


Min. 
Max. 
Min. 
Max. 


Vos 
TA = 25°C, 
Rs';;10kQ 
5 
6 
mV 


los 
TA = 25°C 
6 
20 
na 
Ib1as 
TA = 25°C 
10 
75 
nA 


Large 
Signal 
Voltage 
Gain 
TA = 25°C, 
RL = 100kQ 
60 
k 
Vo= 
±10V, 
RL=10kQ 
60 
k 


Supply 
Current 
TA = 25°C 
11 
100 
IJA 


Power 
Consumption 
TA = 25°C 
330 
3 
IJW/mW 


Vos 
Rs';;10kQ 
6.5 
7.5 
mV 


los 
Rs';;10kQ 
8 
25 
nA 


Ibias 
10 
80 
nA 


Input 
Voltage 
Range 
±13.5 
±13.5 
V 


Large 
Signal 
Voltage 
Gain 
Vo= 
±15V, 
RL=100Q 
50 
k 
RL=10kQ 
50 
k 


Output 
Voltage 
SWing 
RL = 100kQ 
±12 
V 
RL = 10kQ 
±12 
V 


Common 
Mode 
Rejection 
Ratio 
Rs,;;10kQ 
70 
70 
dB 


Supply 
Voltage 
Rejection 
ratio 
Rs,;;10kQ 
74 
74 
dB 


Supply 
Current 
11 
100 
IJA 
Power 
Consumption 
300 
3 
IJW/mW 


1000 


100 
! 
10 
j 


TA 
'"' 2S<>C 


Vs·".5~ 
Vs" t15V 


~ 


Input 
Bias Current 
vs 
Temperature 
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Note. For additional 
information 
on instrumentation 
amplifiers, 
see National 
Semiconductor's 
Hybrid 
Products 


Databook. 


All of the amplifiers 
in this guide are true differential 
Input Instrumentation 
amplifiers with very high common mode rejection and 
adjustable gain. 


Characteristics 
Part Number 
.. 


VOSln 
AVOS 
Gain 
Gain 
Gain 
-25°C 
to 
-55°C to 
Page 
Features 
18 Max 
Max 
t;T 
Lin. 
Tempco 
Error 
85°C 
125°C 
Number 


90~W dissipation, 
wide 
125nA 
2mV 
lO~V/·C 
0.03% 
3% max 
LH0036C 
3·4 
supply range, one 
100nA 
1mV 
lO~V/·C 
0.03% 
1% 
max 
LHOO36 


exlernal gain set 
resistor 


Low cost, one exlernal 
2mV 
lO~VI·C 
0.03% 
1% 
LH0037C 
3·12 
gain sel resislor 
500nA 
1mV 
lO~VI·C 
0.03% 
0.3% 
LH0037 


Ultra low drift, all gain sel 
100nA 
150~V 
1~V/·C 
max 
1ppm 
7ppm/·C 
0.1% 
LH0038C 
3·15 
resistors Inlernal, very 
100~V 
0.25~V/·C 
1ppm 
7ppml·C 
0.1% 
LH0038 
low noise, very linear, 
max 
guard drive amplifier 
included 


Programmable 
500 pA 
10 mV 
10~VI·C 
20'ppm 
1 ppm/·C 
0.3% max 
LH0084C 
3·26 
gain fast 
500 pA 
5 mV 
10~V/·C 
20 ppm 
1 ppm/·C 
0.3% max 
LH0084 
settling 


lit Dependent upon external resistors. 


lit. Refers to Hybrid Products Databook, 1982 edition 


~Nat1onal 
~ 
semiconductor 


Bandwidth: 
That frequency 
at which the voltage gain 


is reduced 
to 1/0 times 
the 
low frequency 
value. 


Common-Mode 
Rejection Ratio: 
The ratio of the input 


common-mode 
voltage range to the peak-to-peak change 


in input offset voltage over this range. 


Harmonic 
Distortion: 
That 
percentage 
of 
harmonic 


distortion 
being defined as one-hundred 
times the ratio 


of the root-mean-square 
(rms) sum of the harmonics to 


the fundamental. 
% harmonic distortion 
= 


(V22 + V32 + V42 + ... )1/2 (100%) 


V1 


where V1 is the rms amplitude 
of the fundamental 
and 


V2, V3, V4, ... 
are the rms amplitudes of the individual 


harmonics. 


Input 
Bias Current: 
The 
average 
of 
the 
two 
input 


currents. 


Input 
Common·Mode 
Voltage 
Range: 
The 
range of 


voltages on the input terminals for which the amplifier 
is operational. 
Note 
that 
the 
specifications 
are 
not 


guaranteed 
over the full common-mode 
voltage range 
unless specifically stated. 


Input 
Impedance: 
The ratio of input voltage to input 
current 
under the stated conditions for source resistance 


(RS) and load resistance (R L). 


Input 
Offset 
Current: 
The difference 
in the currents 


into the two input terminals when the output 
is at zero_ 


Input 
Offset 
Voltage: 
That 
voltage 
which 
must 
be 


applied between 
the input terminals through two equal 


resistances to obtain zero output voltage. 


Input 
Resistance: 
The 
ratio 
of the 
change 
in input 


voltage to the change in input current 
on either input 


with the other grounded. 


Input 
Voltage 
Range: 
The 
range of voltages 
on the 


input terminals 
for which the amplifier operates within 


specifications. 


Large-Signal 
Voltage 
Gain: The 
ratio 
of the 
output 


voltage swing to the change in input voltage required 
to drive the output from zero to this voltage. 


Output 
Impedance: 
The 
ratio 
of 
output 
voltage 
to 


output 
current 
under the stated conditions 
for source 


resistance (RS) and load resistance (RLl. 


Output 
Resistance: 
The small signal resistance seen at 


the output with the output voltage near zero. 


Output Voltage Swing: 
The peak output 
voltage swing, 


referred to zero, that can be obtained 
without 
clipping. 


Offset 
Voltage 
Temperature 
Drift: 
The 
average drift 


rate of offset voltage for a thermal variation from room 
temperature 
to 
the 
indicated 
temperature 
extreme. 


Power 
Supply 
Rejection: 
The ratio 
of the change 
in 


input 
offset 
voltage 
to 
the 
change 
in power 
supply 


voltages producing it. 


Settling Time: 
The time between the initiation 
of the 


input 
step 
function 
and 
the 
time 
when 
the 
output 


voltage has settled to within a specified error band of 
the final output voltage. 


Slew 
Rate: 
The 
internally-limited 
rate 
of change 
in 
output 
voltage 
with 
a large-amplitude 
step 
function 
applied to the input. 


Supply Current: 
The current 
required 
from the power 


supply 
to operate 
the amplifier with no load and the 


output midway between the supplies._ 


Transient 
Response: 
The 
closed-loop 
step-function 
response of the amplifier under small-signal conditions_ 


Unity Gain Bandwidth: 
The frequency range from dc to 


the frequency 
where the amplifier open loop gain rolls 


off to one. 


Voltage 
Gain: The 
ratio 
of output 
voltage 
to 
input 


voltage 
under 
the 
stated 
conditions 
for source 
resis· 


tance (RS) and load resistance (R L). 


~Nat1onal 
~ 
Semiconductor 
Instrumentation 
Amplifiers 


LM121/LM221/LM321 , 
LM121A1LM221A1LM321A Precision Preamplifiers 


The 
LM121 
series are precision preamplifiers 
designed 


to operate with general purpose operational amplifiers to 
drastically decreasedc errors. Drift, bias current, common 
mode and supply rejection 
are more than a factor of 50 


better than standard op amps alone. Further, 
the added 


dc gain of 
the 
LM121 
decreases the closed loop gain 


error. 


The 
LM121 
series operates with 
supply 
voltages from 


±3V 
to 
±20V 
and 
has sufficient 
supply 
rejection 
to 


operate 
from 
unregulated 
supplies. 
The 
operating 


current 
is programmable 
from 
51lA to 200llA 
so bias 


current, offset current, gain and noise can be optimized 
for 
the 
particular 
application 
while 
still 
realizing very 


low drift. 
Super-gain transistors 
are used for 
the input 


stage so input error currents are lower than conventional 
amplifiers 
at the same operating 
current. 
Further, 
the 


initial offset voltage is easily nulled to zero. 


Features 


• 
Guaranteed 
drift 
of 
LM121A 
series - 
0_2Ilvf'e 


• 
Guaranteed drift 
of LM121 series - 
11lVt'e 


• 
Offset voltage lessthan 0.4 mV 
• 
Bias current lessthan 10 nA at 10llA operating current 


• 
eM RR 126 dB minimum 
• 
120 dB supply rejection 
• 
Easily nulled offset voltage 


The 
extremely 
low 
drift 
of 
the 
LM121 
will 
improve 
accuracy on almost any precision dc circuit. 
For example, 


instrumentation 
amplifier, 
strain 
gauge amplifiers 
and 


thermocouple 
amplifiers 
now using chopper 
amplifiers 


can be made with 
the LM121. 
The full differential 
in· 


put 
and 
high 
common-mode 
rejection 
are 
another 
advantage over choppers. For applications where low bias 
current 
is more important 
than drift, 
the operating cur· 


rent can be reduced to low values. High operating cur· 
rents can be used for low voltage noise with 
low source 


resistance. The programmable 
operating 
current 
of the 


LM121 
allows 
tailoring 
the 
input 
characteristics 
to 


match those of specialized op amps. 


The LM121 
is specified over a -55°C 
to +125°e 
tem' 


perature range, the LM221 over a -25°C 
to +85°e range 


and the LM321 over a oOe to +70oe temperature 
range. 


50pF 
lDOpF 
~ 
T 
"Set lor 2.98V at outpul with 
- 
':' 
lMl1JdJorted.Outputshould 
equal Imbient lemperatufl 
at 


10mVrK. 


tAdjustloloutputleidingin"C. 


~a 
Input Voltage 
(Note 3) 
±15V 
Operating Temperature 
Range 
~N 
LM121 
---55°Cto +125°C 
NN 
LM221 
-25°C to +85°C 
N~ 
LM321 
O°C to +70°C 
~....I 
Storage Temperature 
Range 
---55°Cto +150°C 
~a 
Lead Temperature 
(Soldering, 10 seconds) 
300°C 
NN 
Electrical 
Characteristics 
(Note 4) 
LM121, LM221, LM321 


~~ 
LM121 
LM221 
LM321 
~~ 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
....1....1 


Input Offset Voltage 
TA: 
25·C, 


6Ak <:; RSET <:; 70k 
0.7 
1.5 
mV 


Input Offset 
Current 
TA: 
25·C, 


RSET: 
70k 
1 
2 
nA 


RSET: 
6Ak 
10 
20 
nA 


Input Bias Current 
TA: 
25·C, 


RSET: 
70k 
10 
18 
nA 


RSET: 
6.4k 
100 
180 
nA 


Input Resistance 
TA: 
25·C, 


RSET: 
70k 
4 
2 
Mn 


RSET : 6Ak 
OA 
0.2 
Mn 


Supply Current 
T A : 25·C, RSET : 70k 
1.5 
2.2 
mA 


Input Offset 
Voltage 
6Ak <:; RSET <:; 70k 
1.0 
2.5 
mV 


Input Bias Current 
RSET: 
70k 
30 
28 
nA 


RSET: 
6Ak 
300 
280 
nA 


Input Offset 
Current 
RSET: 
70k 
3 
4 
nA 


RSET: 
6Ak 
30 
40 
nA 


Input Offset 
Current 
Drift 
RSET: 
70k 
3 
3 
pAfc 


Average Temperature 
RS <:; 200n. 
6.4k <:; RSET <:; 70k 


Coefficient 
of I"put Offset 
Offset 
Voltage 
Nulled 


Voltage 
1 
1 
JiVfC 


Long Term Stability 
5 
5 
JiV/yr 


Supply Current 
2.5 
3,5 
mA 


Input Voltage 
Range 
Vs = ±15V, 
(Note 5) 


RSET: 
70k 
±13 
±13 
V 


RSET: 
6Ak 
+7, -13 
+7, -13 
V 


Common-Mode 
Rejection 
RSET: 
70k 
120 
114 
dB 


Ratio 
RSET: 
6Ak 
114 
114 
dB 


Supply 
Voltage 
Rejection 
RSET: 
70k 
120 
114 
dB 


Ratio 
RSET: 
6Ak 
114 
114 
dB 


Voltage 
Gain 
T A : 25·C, RSET = 70k, 


RL>3 
Mn 
16 
12 
VIV 


Noise 
RSET: 
70k, RSOURCE = 0 
8 
B 
nV/y'Hz 


Note 
1: The maximum 
junction 
temperature 
of the LM121 
is 150°C, while that of the LM221 
is 100°C. The maximum junction temperature 


of 
the 
LM321 
is 85°C. 
For 
operating 
at elevated 
temperature, 
devices 
in the 
TO-5 
package 
must 
be derated 
based 
on 
a thermal 
resistance 
of 
lS0°C/W, 
junction 
to ambient, 
or 4SoC/W, 
junction 
to 
case. 
For the 
flat 
package, 
the derating 
is based 
on a thermal 
resistance 
of 185°C/W 
when 
mounted 
on a 1/6 
inch 
thick 
epoxy 
glass 
board 
with 
ten, 
0.03 
inch 
wide, 
2 ounce 
copper 
conductors. 
The 
thermal 
resistance 
of the dual-in·line 
package 
is 100° C/W junction 
to ambient. 


Note 
2: 
The 
inputs 
are shunted 
with 
back-to-back 
diodes 
in series 
with 
a soon 
resistor 
for overvoltage 
protection. 
Therefore, 
excessive 
current 
will 
flow 
if a differential 
input 
voltage 
in excess 
of lV 
is applied 
between 
the inputs. 


Note 
3: 
For supply 
voltages 
less than 
± lSV, 
the absolute 
maximum 
input 
voltage 
is equal 
to the supply 
voltage. 


Note 
4: 
These 
specifications 
apply 
for 
±5 $ Vs $ :t20V 
and -5SoC 
$ TA $ +12SoC, 
unless 
otherwise 
specified. 
With 
the 
LM221, 
however, all 


temperature 
specifications 
are 
limited 
to 
-2SoC 
$ TA 
~ 
+8SoC, 
and 
for the 
LM321 
the 
specifications 
apply 
over 
a O°C to +70°C 
temperature 


range. 


Note 
5: 
External 
precision 
resistor 
- 
0.1 % - 
can be placed 
from 
pins 
1 and 8 to 7 to increase 
positive 
common-mode 
range. 


II 


Absolute 
Maximum 
Ratings 
S:S: 


Supply 
Voltage 
±20V 
~~ 


Power 
Dissipation 
(Note 
11 
500 
mW 
~~ 


Differential 
Input 
Voltage 
(Notes 
2 and 
3) 
±15V 
~r:= 


Input 
Voltage 
(Note 
31 
±15V 
IS: 
Operating 
Temperature 
Range 
S:N 
LM121A 
-55°C 
to +125°C 
NN 


LM221A 
-25°C 
to +85°C 
N:::: 


LM321A 
O°C 
to +70°C 
~I 


Storage 
Temperature 
Range 
-65°C 
to 
+150°C 
~s: 


Lead 
Temperature 
(Soldering, 
10 seconds 
1 
300°C 
1(,.) 


Electrical 
Characteristics 
(Note 
41 
LM121A, 
LM221A,LM321A 
S:~ 
(,.)~ 


PARAMETER 
CONDITIONS 
LM121A, 
LM221A 
LM321A 
UNITS 
N 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
~ 


Input 
Offset Voltage 
TA = 25°C, 
» 


604k 
:s: RSET:S: 70k 
0.2 
004 
0.2 
004 
mV 


Input Offset Current 
TA = 25°C, 


RSET = 70k 
0.3 
0.5 
0.3 
0.5 
nA 


RSET = 604k 
5 
5 
nA 


Input Bias Current 
TA = 25°C, 


RSET = 70k 
5 
10 
5 
15 
nA 


RSET = 604k 
50 
100 
50 
150 
nA 


Input 
Resistance 
TA = 25°C, 


RSET = 70k 
4 
8 
2 
8 
Mn - 


RSET = 604k 
0.4 
0.2 
Mn 


Supply Current 
T A = 25°C, RSET = 70k 
0.8 
1.5 
0.8 
2.2 
mA 


Input Offset Voltage 
604k 
:s: RSET:S: 70k 
0.5 
0.65 
0.5 
0.65 
mV 


Input 
Bias 
Current 
RSET = 70k 
15 
30 
15 
25 
nA 


RSET = 604k 
150 
300 
150 
250 
nA 


Input Offset Current 
RSET = 70k 
0.5 
1 
0.5 
1 
nA 


RSET = 604k 
5 
10 
5 
10 
nA 


Input Offset Current 
Drift 
RSET = 70k 
3 
3 
pAf'C 


Average 
Temperature 
RS:S: 200n, 
604k 
:s: RSET:S: 70k 


Coefficient 
of Input Offset 
Offset Voltage 
Nulled 


Voltage 
0.07 
0.2 
0.07 
0.2 
/Jvf'c 


Long Term Stability 
3 
3 
/JV/yr 


Supply Current 
1 
2.5 
1 
3.5 
mA 


Input Voltage 
Range 
Vs = ±15V, 
(Note 51 


RSET = 70k 
±13 
±13 
V 


RSET = 604k 
+7, -13 
+7, -13 
V 


Common·Mode 
Rejection 
RSET = 70k 
126 
140 
126 
140 
d8 


Ratio 
RSET = 604k 
120 
130 
120 
130 
dB 


Supply Voltage 
Rejection 
RSET = 70k 
120 
126 
118 
126 
dB 


Ratio 
RSET = 6.4k 
114 
120 
114 
120 
dB 


Voltage 
Gain 
TA = 25°C, RSET = 70k, 


RL>3Mn 
16 
20 
12 
20 
VIV 


Noise 
RSET = 70k, RSOURCE = 0 
8 
8 
nV/y'Hz 


Note 1: 
The maximum junction 
temperature of the LM121 A is 150°C. while that of the LM221 A is 100°C. The maximum junction temperature 
of the LM321 A is 8SoC. For operating at elevated temperature, 
devices in the TO·S package must be derated based on a thermal resistance of 
150°C/W, 
junction 
to ambient, or 4SoC/W junction 
to case. For the flat package, the derating is based on a thermal resistance of 18SoC/W when 


mounted on a 1/6 
inch thick epoxy glass board with ten, 0.03 
inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line 
package is 100°C/W 
junction to ambient. 


Note 2: 
The inputs are shunted with back-to-back diodes in series with a 50051 resistor for overvoltage protection. 
Therefore, excessivecurrent 
will flow If a differential 
input voltage in excessof 1V ISapplied between the inputs. 


Note 3: 
For supply voltages lessthan 11SV, the absolute maximum input voltage is equal to the supply voltage. 


Note 4: 
These specifications apply for ±S :s; Vs :s; ±20V 
and -5SoC 
:s; T A :s; +12SoC, unlessotherwise specified. With the LM221 A, however, all 


temperature specifications are limited to -2SoC 
:s; T A $. +85°C, 
and for the LM321 A the specifications apply over a O°C to +70°C temperature 


range. 


Note 5: 
External preCISIonresistor - 0.1 % - 
can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 


The additional 
gain of 
the 
LM121 
pre·amplifier when 


used with 
an operational 
amplifier 
usually necessitates 


additional 
frequency 
compensation. 
When the 
closed 


loop gain of the op amp with 
the 
LM121 
is less than 


the 
gain of the 
LM121 
alone, more compensation 
is 


needed. The worst case situation 
is when there is 100% 
feedback-such 
as a voltage follower 
or integrator-and 


the gain of the 
LM121 
is high. When high closed loop 


gains are used-for 
example 
Av 
= 1000-and 
only 
an 


addition 
gain of 200 is inserted by the LM121, the fre- 
quency compensation 
of the op amp will usually suffice. 


The frequency 
compensation 
shown here is designed to 
operate with 
any unity-gain 
stable op amp. Figure 
1 


shows the 
basic configuration 
of frequency 
stabilizing 
network. 
In 
operation 
the 
output 
of 
the 
LM121 
is 
rendered single ended by a O.OlIlF bypass capacitor to 
ground. Overall frequency compensation then is achieved 
by an integrating capacitor around the op amp. 


For 
use with 
higher frequency 
op amps such as the 
LMl18 
the bandwidth may be increased to about 2 MHz. 


If the closed loop gain is greater than unity, 
"C" 
may be 
decreased to: 


The two compensation 
capacitors can be made equal for 
improved 
power supply 
rejection. 
In this case the for- 
mula for the compensation capacitor is: 


8 


Table I shows typical 
values for the two compensating 


capacitors for various gains and operating currents. 


CLOSED 
CURRENT SET RESISTOR 


LOOP 
GAIN 
120 kil 
60kil 
30 kil 
12 kil 
6kil 


Av"" 
1 
68 
130 
270 
680 
1300 


Av ""5 
15 
27 
56 
130 
270 


Av '" 10 
10 
15 
27 
68 
130 


Av 
= 50 
I 
3 
5 
15 
27 


Av '" 100 
- 
I 
3 
5 
10 


Av 
= 500 
- 
- 
1 
1 
3 


Av 
= 1000 
- 
- 
- 
- 
- 


This 
table 
applies for 
the 
LM108, 
LM101A, 
LM741, 


LMl18. 
Capacitance is in pF. 


Null Pot Value should be 10% of RSET 


2 X 0.65V 


Positive Common- 
Mode Limit 


RSET 


'" 
V+ - 
[ 0.6 - 
0.65V X 50k J 


RSET 


·Offsetad,uS! 


fGilfltrim 


"'Betterthln 
'''hntinly 
lor Input ugnal, up to 
'10 mV!IItn,tlb,hty IYPlal'2""om 
-55 
10 


125°C 


Mitch 01 RS Ind R6 elleet 
power supply rejection 


INPUlSe 


Order Number 
LM121H. 


LM221H. 
LM321H. 
LM121AH. 


LM221AH 
or LM321AH 
See NS Package HOSe 


.2 


INPUT 
3 
SOD 


Typical Performance Characteristics 


Distribution 
of Offset 
Distribution 
of Offset 


Input 
Bias Current 
Voltage 
Drift 
INulled) 
Voltage 
Drift 
(Nulled) 


100 
50 


~M,J, 


10 


lM121A 


RSET " 6.4 kn == 
60 
! 
40 
'C'7 
i 


•... 
4........ 
~ 
50• 


~ 
30 
~:; 
40 


10 
0 
'" 
::! 
'" 
w 
30 


ASET =10k11= 
= 
m 
20 
m 
;;; 
~ ~*:§ 


~ 
•... 


20 
~ 
'l. 
z 
•......• 
10 


'0 


1 
0 
0 


-55 
-15 
25 
65 
'05 
-0.4 
-0.2 
0 
0.2 
0.4 
-0.2 
-0.1 
0 
0.1 
0.2 


TEMPERATURE 
(OCI 
VOLTAGE 
DRIFT 
(s.Ivrc) 
VOLTAGE ORIFT ("vrci 


Positive 
Power 
Supply 
Negative 
Power Supply 
Rejection 
Rejection 
Input 
Noise 
Voltage 


160 
160 
100 


vs'" '15V 
~ 
vs" 
'15V 


~ 
"- 


TA 
= 25°C 
fA 
= 25 C 
- 


z 
'40 
z 
'40 
~ 
~ 
...•.......•.• 


~T=6.4kH 


0 
0 


~ 


.......... 


~ 


30 


~ 


120 
.....•..•. 


120 
.~ 
"- 
"" 


~SET:6.4kU 
~ 
•...... 
ASET" 
70 k!! 


> 
"'- 
> 
100 
~ 


10 


~ 


100 
ASET = 70 k!! ~ 


RSETS70~ 
~ 
"" 
> 
= 
RSET '" 6.4 kn 


~ 
80 


> 
"'- 
"'-"- 
~ 
J 
;:: 
80 
;:: 


'" 
'" 
~ 


60 


:< 


60 
40 
1 
10 
100 
1k 
'Ok 
lOOk 
'0 
'00 
1k 
10k 
lOOk 
'0 
'00 
1k 
10k 
lOOk 


FREQUENCY 
(Hz) 
FREOUENCY 
(Hz) 
FREOUENCY 
(Hz) 


I"put Noise Current 
Voltage 
Drift 
Differential 
Voltage 
Gain 
10 
5 
400 
- 
Vs 
= '15V 
- 
z 
f = 100 Hz 
- 
- 
~ 
~ 
'" 


4 


1'" 
i 
/ 
~ 
'00 
== 


::::::::::: 
~ 
~ 
.. 
•... 
J 
•... 
=;l. 
= 
•... 


ASET" 
6.4 kn~ 
/ 


0 
== 
z 
'" 
> 
40 
~ 
'" 


0 
Vs:: 
·15V 
.. 
- 
'" 
1'-... 
2 
:> 
-+-- 
~ 
V 
I 


u 
0.' 
.. 
~ 


•... 
/ 
~ 
=ASET=70kn 
0 
1 
10 
> 
/' 


is 


0.01 
I 
I 
I 
0 
4 


10 
100 
1k 
10k 
lOOk 
0 
0.2 
0.4 
0.6 
0.8 
1.0 
2 
5 
10 
20 
50 
100 
200 


FREQUENCY 
(Hz) 
OFFSET 
VOLTAGE 
(mV) 
SET CURRENT/SIDE 
{PAl 


Set Resistor 
and Set Current 
Set Current 
Common-Mode 
Limits 
1M 
1.8 
v· 
TA" 
25 C 
'" 


RsET" 
70 kl! 
-3 
1.6 
-2 
0 
~ 
IREFlRR!O 
T~- 
- 
i 


1.4 
-4 


0 
lOOk 
-- 


•... 
-r-- 


SUPPl 
Y VOLTAGES 
! 


1.2 


_/ 
" 


-6 
...... 
:0 
ASET "6.4 
~n 
...... 


1.0 
0 
-8 
•... 
V 
0 
r--.. 


~ 
~ 
0.8 
,. 
-10 
10k 
0 
./ 
~ 
•... 


N 
0.6 
,. 
-12 
:0 
~ 
.. 
ASET "70 
kn 
i 


0.4 
2 


1k 
ir 
I 
I 
RSET = 6.4 kn 


0.2 
1 
10 
100 
1k 
-55 
-'5 
26 
65 
105 
-55 
-15 
25 
65 
105 


SET CURRENT/SlOE 
(,l.lAl 
TEMPERATURE 
IOCl 
TEMPERATURE 
( Cl 


Typical 
Performance 
Characteristics 
(Continued) 


Common-Mode 
Limits 
Output Common-Mode 
Voltage 
Differential 
Voltage Gain 


v· 
H1i~.':: 


v· 
IIIII1 


1.4 
~ 
-1 


Vs" ·15V 


-2 
"- 
111111 
~ 


f" 
300 Hz 
~ 
~ 
1.3 


I 
~ 


-2 
~ 
-4 
1,."-55 
C 
;;: 
;; 
fA" 
25 
C 
> 
-3 
~ 
i 


1.2 
::; 
-6 
- 
c 
-4 
TA 
•• 
25 


1 
c 
/ 
c 
'i 
C 
TA =+125°C 
~ 
z 
1.1 
c 
-5 
; 


-8U 


- 


fA ".125~C 
~ 
V 
" 


-6 
1.0 
" 


-10 
SUPPLY 
VOLTAGES 
- 
~ 
I 
II 
~ 


.,/ 


,/ 


~ 
-1 
'" 
~ 
I 
II 
~ 


2 
- 
~ 


-8 
REFERRED 
TO 
c 
0.9 l.-'" 
~ 
POSITIVE 
SUPPl y I 
II 


> 


-!5 
C<TA<+125°C 
~ 
v- 
c 
-9 
0.8 


2 
5 
10 
20 
50 
100 
200 
2 
5 
10 
20 
50 
100 
200 
-55 
-15 
25 
85 
105 


SET 
CURRENT/SlOE 
IJ,sAI 
SET CURRENT/SIDE 
~A) 
TEMPERATURE 
I C) 


Supply 
Current 
Offset 
Voltage 
Adjustment 
Common-Mode 
Rejection Ratio 


1.6 
3.2 
~ 


160 


Vs" 
'15V 
I 


TA 
,,25 
C 
./ 
Vs" 
'15V 


1.4 
2.8 
./ 
c 
TA" 
25 
C 


I 
: 


'40 
;; 
" 
2.4 
I=--:: 
.5 
1.2 
.5 
,/ 
~ 
_I-- 
z 
~ 
RsET =6.4k~ 
~ 
2.0 
c 
120 
""'" 
z 
/ 
v· 
! 


~ET:6.4kn 


'" 
1.0 


/ 
J 
~ 
'" 
V 
1.6 
100 
~ 
u 
0.8 
I--- 
> 
/ 
ASET " 70 kH'" 
~ 
> 
AsET::: 
10 kn 
~ 
1.2 


~ 


1/ 
c 
80 
~ 
0.6 
c 
~ 
-- 
I 


0.8 
" 
c 
/ 


Rl 
R2 
~ 


0.4 
0.4 
" 


60 


I 
/ 
V- 
~ 
0.2 
0 
40 


-55 
-15 
25 
65 
105 
, 
1.2 
1.4 
1.6 
1.8 
2.0 
10 
100 
1k 
10k 
lOOk 


TEMPERATURE 
eel 
RSET 
RATIO 
RlIA! 
FREOUENCY 
(Hz) 


~National 
~ 
Semiconductor 
Instrumentation Ampl ifiers 
PRELIMINARY 


LM163/LM363 Precision Instrumentation Amplifier 
General Description 


The LM163 is a monolithic 
true instrumentation 
amplifier. 
It requires 
no external 
parts 
for fixed 
gains 
of 10, 100 and 


1,000. High 
precision 
is attained 
by on-chip 
trimming 
of 


offset 
voltage 
and gain. 
A super 
beta 
bipolar 
input 
stage 


gives 
very 
low 
input 
voltage 
noise, 
extremely 
low offset 


voltage 
drift, 
and 
high 
common-mode 
rejection 
ratio. 
A 


new two-stage 
amplifier 
design 
yields 
an open 
loop gain 


of 10,000,000 and a gain bandwidth 
product 
of 30 MHz, yet 


remains 
stable 
for all closed 
loop 
gains, 
even with 
large 


capacitive 
loads. 
Supply 
voltage 
range 
is ± 5V to ± 18V. 


The LM163 has separate 
force, 
sense, 
and reference 
pins 


to 
allow 
gain 
to 
be increased 
using 
external 
resistors. 
Twin 
differential 
shield 
drivers 
eliminate 
bandwidth 
loss 


due 
to 
shield 
capacitance. 
Compensation 
pins 
are 


available 
to allow 
simple 
low-pass 
filtering. 
The 
LM163 


with 
all options 
is in a 16-pin dual-in-line 
package. 


For 
less 
stringent 
applications 
requiring 
a single 
fixed 


gain, 
it is also 
available 
in an 8-pin TO-5 package. 
Shield 


Typical Connections 


S-Pin Package 


v+ 


Metal 
Can 
Package 


COMP 


Order 
Number 
LM163AH-10, 
LM163H-10, 
LM363AH-10, 
LM363H-10, 


LM163AH-100, 
LM163H-100, 
LM363AH-100, 
LM363H-100, 
LM163AH-500, 
LM163H-500, 
LM363AH-500 
or LM363H-500 
See NS Package 
HOSC 


drivers, 
pin-strapped 
gain options, 
and offset 
adjustment 


pins are eliminated 
on the 8-pin versions. 
Gain is internally 


set at 10, 100, or 500, but may be increased 
with 
the addi- 
tion 
of external 
resistors. 


The LM163 is rated 
for 
- 55°C to + 125°C operation. 
The 
LM363 
is rated 
for O°C to 70°C operation. 


• 
Offset 
and gain pretrimmed 


• 
7 nV/..jHZ input 
noise 


• 
130 dB CMRR 
typical 


• 
2 nA bias current 
typical 


• 
No external 
parts 
required 


• 
Differential 
shield 
drivers 


• 
Available 
at 0.5 p.V/oC maximum 
drift 


• 
Can be used as a high performance 
op-amp 


G = 10 
2, 3, 4, open 


G = 100 
3-4 shorted 


G = 1000 
2-4 shorted 


Dual-in-Line 
Package 


COMP 1 
COMP 2 
SENSE 
OUTPUT 
REF 
V- 
+ INPUT 
+SHIELO 


Order 
Number 
LM163AD, 
LM136D, 
LM363AD 
or LM363D 
See NS Package 
D16C 


Absolute Maximum Ratings 


Supply Voltage 
±18V 


Differential 
Input Voltage 
±10V 


Differential 
Input Current 
±20mA 


Common-Mode 
Input Voltage 
Equal to Supply Voltage 


Reference and Sense Voltage 
±25V 


Electrical Characteristics 
(Note 1) 


LM163A1LM363A 
LM163 
LM363 
Units 
Parameter 
Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mln 
Typ 
Max 


Input Offset Voltage 
TA = 25°C, G = 500 
10 
±30 
20 
±50 
30 
± 100 
~V 
Fixed Gain 
G= 100 
25 
±75 
35 
±100 
50 
±200 
~V 


G=10 
0.2 
±0.6 
0.3 
±1.0 
0.5 
'±2.0 
mV 
Full Temperature Range 
G =500 
±80 
± 150 
±300 
~V 


G=100 
±200 
±400 
±500 
~V 
G=10 
±2 
±4 
±5 
mV 


Input Offset Voltage 
G = 500 
0.2 
±0.5 
±2 
±4 
~V/oC 


Temperature Drift 
G= 100 
±2.0 
±5 
±8 
~V/oC 


Fixed Gain 
G=10 
±25 
±50 
±75 
~V/oC 


Input Offset Voitage 
TA = 25°C, G = 1000 
10 
±50 
25 
±100 
50 
±200 
~V 
Programmable Gain 
G=100 
25 
±150 
50 
±300 
100 
±400 
~V 


G=10 
0.3 
±1 
0.5 
±2 
1.0 
±3 
mV 


Full Temperature Range 
G =1000 
±100 
±200 
±400 
~V 
G= 100 
±300 
±500 
±800 
~V 
G=10 
±3 
±6 
±7 
mV 


Input Offset Voltage 
G = 1000 
0.2 
±0.5 
0.5 
±3 
0.8 
±5 
~VloC 
Temperature Drift 
G=100 
0.5 
±2.0 
2.0 
±6 
2 
±10 
~V/oC 


Programmable Gain 
G= 10 
5.0 
±25 
10 
±80 
10 
±100 
~V/oC 


Common-Mode 
G = 500/1000 
126 
140 
120 
130 
114 
130 
dB 


Rejection Ratio 
Full Temperature Range 
115 
106 
104 
dB 
G=100 
112 
130 
106 
125 
94 
120 
dB 
Full Temperature Range 
100 
94 
84 
dB 


G=10 
100 
115 
94 
110 
90 
105 
dB 
Full Temperature Range 
88 
82 
80 
dB 


Input Bias Current 
-5 
2 
5 
-5 
2 
5 
-10 
2 
10 
nA 
Full Temperature Range 
-10 
4 
10 
-10 
4 
10 
-20 
-20 
nA 


Differential 
Mode 
G =10 
20 
20 
20 
GO 


Input Resistance 
G=100 
2 
2 
2 
GO 


G =500/1000 
0.2 
0.2 
0.2 
GO 


Common-Mode 
All Gains 
100 
100 
100 
GO 
Input Resistance 


Input Offset Current 
0.2 
1.0 
0.5 
1 
0.5 
3 
nA 
Full Temperature Range 
2 
2 
5 
nA 


Input Offset Current 
-11VsVCM"13V 
50 
100 
100 
pAN 


Change 
Full Temperature Range 
150 
300 
300 
pAN 


Input Voltage Noise 
G =500/1000 
7 
7 
7 
nv.,fHz 


(RMS) 10Hzs Is10 kHz G=100 
12 
12 
12 
nV.,fHz 


G=10 
50 
50 
50 
nV.,fHz 


Input Voltage Noise 
G =500/1000 
0.4 
0.4 
0.4 
~V 
Peak-to-Peak (Note 2) 
G=100 
1.5 
1.5 
1.5 
~V 
G =10 
10 
10 
10 
~V 


Note 1: Unless otherwise noted, these conditions apply: V + = V - = 15V,output load = 5kOt VCM = 0, reference pin is grounded, output sense is tied to output 
force, and junction temperature 
is 25"C. 


Not82: 
Measured for 100 seconds at a bandwidth of 0.01 Hz to 10 Hz. 


Electrical Characteristics 
(Continued) 
(Note 
1) 


LM163A1LM363A 
LM163 
LM363 
Units 
Parameter 
Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Input Current Noise 
10 Hz"f,,10 
kHz 
0.15 
0.15 
0.15 
pA/-.,[Hz 


(RMS) 


Input Current Noise 
0.01 Hz" f" 
10 Hz 
40 
40 
40 
pA 


Peak·to·Peak 


Gain Error 
Fixed G = 10, 100, 500 
0.05 
0.2 
0.05 
0.3 
0.1 
0.5 
% 


Programmable 
G = 100 
0.05 
0.2 
0.05 
0.3 
0.1 
0.5 
% 


Programmable 
G = 10 
0.4 
1.0 
0.4 
1.0 
0.6 
1.5 
% 


Programmable 
G = 1000 
0.4 
1.0 
0.4 
1.0 
0.4 
1.5 
% 


Gain Non·Linearity 
-10V" 
VOUT" + lOV, 


G = 10,100 
0.005 
0.01 
0.005 
0.02 
0.01 
0.03 
% 


G = 500,1000 
0.007 
0.02 
0.007 
0.03 
0.05 
% 


Supply Voltage 
G = 500,1000 
120 
130 
120 
130 
110 
130 
dB 
Rejection 
Ratlo- 
G = 100 
105 
120 
105 
120 
100 
120 
dB 


Positive 
G=lO 
90 
100 
90 
100 
85 
100 
dB 


Supply Voltage 
G = 500,1000 
110 
120 
105 
120 
100 
120 
dB 
Rejection 
Ratio- 
G = 100 
96 
106 
90 
106 
85 
106 
dB 
Negative 
G= 10 
80 
86 
75 
86 
70 
86 
dB 


Common-Mode 
Input 
V+ =V- 
= 15V 
-11.6 
+13.8 
-11.6 
+13.8 
-11.6 
+13.8 
V 
Voltage Range 
V+ 
=V- 
=5V 
-2.75 
+3.8 
-2.75 
+3.8 
-2.75 
+3.8 
V 


Small Signal 
G = 500,1000 
30 
30 
30 
kHz 
Bandwidth 
G = 100 
100 
100 
100 
kHz 
G=10 
200 
200 
200 
kHz 


Settling 
Time to 0.1% 
AVouT=10V,G=500, 
1000 
70 
70 
70 
~s 
G=100 
25 
25 
25 
~s 
G=10 
20 
20 
20 
~s 


Open Loop Gain 
G = 500,1000 
2xl0· 
10' 
2x10· 
10' 
10· 
10' 
VIV 


Gain Shift with 
G = 500,1000 
15 
15 
15 
ppm/'C 
Temperature 
G=100 
5 
5 
5 
ppm/'C 


G=10 
5 
5 
5 
ppm/'C 


Supply Current 
Positive 
12 
1.8 
1.2 
1.8 
1.2 
2.2 
mA 


Positive 
Negative 
1.6 
2.2 
1.6 
2.2 
1.6 
2.5 
mA 


Reference and 
35 
50 
70 
35 
50 
70 
30 
50 
80 
kll 


Feedback Resistance 


Typical Applications 


Increasing 
Gain 


Rl and R2 should be as low as possible 
to avoid errors due to50kO 


~~ 


input impedance 
of reference and sense pins. Total resistance 


13 
(R2 + 2Rl) 
should 
be above 4 kO, however, to prevent excessive 


INPUT 
lMl61 
~vOUT 
load on the LM163 output. The exact formula for calculating 
gain 


'~1214 


....: 
2 
J 
4 
Rl 
(G) is: 


G=Go 
( 
2RT 
R1) 
1+-+- 


R2 
50k 


.2 
Go = preset gain 


----< 
The last term may be ignored in applications where gain accuracy 
is not critical. The table below gives suggested values for Rl and 
., 
R2 along with the calculated error due to "closest value" standard 
1% resistors. 


-=- 


Gain Increase 
1.5 
2 
2.5 
3 
4 
5 
6 
7 
8 
9 
10 


R1 
1.2k 
1.2k 
2k 
2k 
1.78k 
2k 
2.49k 
2.94k 
3.48k 
4.02k 
4.53k 


R2 
5k 
2.5k 
2.74k 
2.05k 
1.2k 
1k 
1k 
1k 
1k 
1k 
1k 


Error 
+0.6% 
-0.8% 
0 
-0.3% 
+0.06°/;.r 
+0.8% 
+0.5% 
-0.9% 
+0.4% 
-0.9% 
-0.7% 


$2mA 
~ 


Current 
regulation 
is near perfect 
because 
the LM163 operates 
off the 
Zener reference. Circuitry 
is simplified 
by being able to drive the 
reference pin outside 
the power supply voltage. Gain and offset 
adjustments 
are non·interactive. 
2 mA is available 
to drive the bridge. 


r---- 
III 


IIIPLATINUM 
L~N~~ 


100 mvrc 


lktt", 


Jktt 
88k 
", 
,% 


350k 
20k 
,% 


2kt 
NON· 


LINEARITY 


GAIN 


":" 


1ktt 
105M 


,% 
,% 


":" 


1D5k 
,% 
--, 
III 
II 
~~oni 


DoC 
: 
III 
I 
_oJ 


2 


• 70k and 1.91k should 
track to 5 ppm/·C 
* • Less than 5 ppm/·C 
drift 
t Less than 100 ppm/oC drift 
tt These resistors 
should 
track to 20 ppm/oC 


This thermometer is capable of O.01°C accuracy over - 50"C to 
+ 150·C. A unique trim arrangement eliminates 
cumbersome 
trim 


interactions 
so that 
zero, gain, 
and nonlinearity 
correction 
can be 
trimmed in one oven trip. Extra op amps provide full Kelvin sensing on 
the sensor without 
adding drift 
and offset 
terms found 
in other 


designs. 


SHIELD 
(- 


DRIVERS 
9 
+ 


10 


INPUTS 
{: 
7 


16-., 
...J.... OPTIONAL 


-.,- 
COMPENSATION 
• 
'15 


:I: 
...J 
~ 
LH00361LH0036C Instrumentation Amplifier 


8 
:I: 
...J 
General Description 


LH0036C 
is 
specified 
for 
operation 
over 
the 


-25°C 
to 
+85°C 
temperature 
range. 


Features 


The 
LH0036/LH0036C 
is a true 
micro 
power 


instrumentation 
amplifier 
designed for 
precision 
differential 
signal processing. Extremely 
high accu- 


racy can be obtained 
due to the 300 MQ 
input 
impedance 
and excellent 
100 d8 common 
mode 
rejection 
ratio. 
It 
is packaged in a hermetic TO-8 
package. Gain is programmable 
with 
one external 


resistor from 
1 to 
1000. Power supply operating 
range is between ±lV 
and ±18V. Input bias current 


and 
output 
bandwidth 
are both 
externally 
ad- 


justable 
or 
can 
be set by 
internally 
set values. 


The 
LH0036 
is specified 
for operation 
over the 


-55°C 
to 
+125°C 
temperature 
range 
and 
the 


• 
High 
input 
impedance 


• 
High 
CMRR 


• 
Single resistor gain adjust 


• 
Low power 


• 
Wide supply range 


• 
Adjustable 
input 
bias current 


• 
Adjustable 
output 
bandwidth 


• 
Guard drive output 


INPUT 


BIAS 


ADJUST,t 
r 


GUARD 


DRIVE 
BANDWIDTH 


O:TPU~_ :C__1,__3; 


I 
I 
I 
I 
I 


•• 
CMRR 


I, 


PRESET 


R1 
CMRR 


TRIM 


Order Number 
LH0036G 
or LH0036CG 
See NS Packaga H 128 


4-18 


300 
MQ 


100 dB 


to 1000 


90llW 


±lV 
to ±18V 


Absolute Maximum Ratings 


Supply 
Voltage 
±18V 
Short 
Circuit 
Duration 
Continuous 


Differential 
Input 
Voltage 
±30V 
Operating 
Temperature 
Range 


Input 
Voltage 
Range 
±VS 
LH0036 
-5SoC to +12SoC 


Shield 
Orive 
Voltage 
±VS 
LH0036C 
-25°C 
to +8SoC 


CMRR 
Preset Voltage 
±VS 
Storage 
Temperature 
Range 
--6SoC 
to +lSOoC 


CMAR 
Trim 
Voltage 
±VS 
Lead Temperature. 
Soldering 
10 seconds 
300°C 


Power 
Dissipation 
(Note 
3) 
1.5W 


Electrical Characteristics 
(Notes 
1 and 2) 


LIMITS 


PARAMETER 
CONDITIONS 
LHOO36 
LH0036C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
Rs ::: 1.0kO, 
T A 
::: 25°C 
0.5 
1.0 
1.0 
2.0 
mV 


(V1osl 
Rs '"1.OkS! 
2.0 
3.0 
mV 


Output 
Offset 
Voltage 
As" 
1.0kn. T A::: 25°C 
2.0 
5.0 
5.0 
10 
mV 
(voosl 
Rs = LOkI) 
6.0 
12 
mV 


Input 
Offset 
Voltage 
As 
~ 
1,Ok!! 
10 
10 
/lV/DC 


Tempco 
(aVlos/aT) 


Output 
Offset 
Voltage 
15 
15 
"V,oC 


Tempco 
(.a.Voos/~T) 


Overall 
Offset 
Referred 
Av 
= 1.0 
2.5 
6.0 
mV 


to Input 
(Vos) 
Av :::10 
0.7 
1.5 
mV 


Av 
'" 100 
0.52 
1.05 
mV 
Av 
:::1000 
0.502 
1.005 
mV 


Input 
Bias Current 
T A = 2SoC 
40 
100 
50 
125 
nA 


lIa) 
150 
200 
nA 


Input 
Offset 
Current 
TA 
'" 2SoC 
10 
40 
20 
50 
nA 


(105) 
80 
100 
nA 


Small 
Signal 
BandWidth 
Ay 
'" 1.0. 
RL 
'" 10k~2 
350 
350 
kH, 


Ay 
'" 10. RL 
'" 10k!l 
35 
35 
kH, 


Ay 
'" 100. 
RL 
'" lOk!2 
3.5 
3.5 
kH, 


Ay'" 
1000, 
RL 
'" 10kH 
350 
350 
H, 


Full 
Power 
Bandwidth 
VIN 
'" ±10V. 
RL 
'" 10k, 
5.0 
5.0 
kH, 


Ay 
'" 1 


Input 
Voltage 
Range 
Differential 
±10 
±12 
±10 
±12 
V 


Common 
Mode 
110 
± 12 
1:10 
±12 
V 


Gain 
Nonlinearity 
0.03 
0.03 
'l(, 


Deviation 
From 
Gain 
Ay 
'" 1 to 1000 
±0.3 
11.0 
±1,0 
±3.0 
'l(, 


Equation 
Formula 


PSRR 
±5.0V 
$: Vs 
$: ±15V, 
1.0 
2.5 
1.0 
5.0 
mVtv 
Ay'" 
1.0 


±5.0V$:Vs 
$:±15V, 
0.05 
0.25 
0.10 
0.50 
mVtv 


Ay'" 
100 


CMRR 
Ay 
'" 1.0 
DC to 
1.0 
2.5 
2.5 
5.0 
mV/V 


Ay'" 
10 
100 Hz 
0.1 
0.25 
0.25 
0.50 
mV/V 


Ay'" 
100 
..lRs 
'" 1.0k 
50 
100 
50 
100 
JjV/V 


Output 
Voltage 
Vs 
'" ±15V. 
RL 
'" 10k~l, 
±10 
±13.5 
±10 
±13.5 
V 


Vs 
'" ±1.5V, 
RL 
'" 100kH 
±0.6 
±0.8 
±0.6 
±0.8 
V 


Output 
Resistance 
0.5 
0.5 
I) 


Supply 
Current 
300 
400 
400 
600 
"A 


Equivalent 
Input 
Noisp. 
0.1 H, < f < 10kH,. 
20 
20 
JjV/p·p 


Voltage 
Rs < son 


Slew 
Rate 
AVIN 
'" ±10V. 
0.3 
0.3 
VIliS 


RL 
'" 10kn, 
Ay 
'" 1.0 


Settling 
Time 
To 
±10 
mV. 
RL 
'" lOkH, 


AVOUT 
'" 1.0V 


Ay 
'" 1.0 
3.3 
3.8 
"' 
Ay 
'" 100 
180 
180 
", 


Not8 
1: 
Unless 
otherwise 
specified. 
all 
specifications 
apply 
for 
Vs '" 1:15V, 
Pins 
1,3, 
and 
9 grounded. 
-25°C 
to +85°C 
for 
the 
LH0036C 
and 
-SSoC 
to +12SoC 
for the LH0036. 


Not8 
2: 
All 
typical 
values 
are 
for 
T A 
= 25°C. 


Note 
3: 
The 
maximum 
junction 
temperature 
is 150°C. 
For 
operation 
at 
elevated 
temperature 
derate 
the 
G 
package 
on 
a 


thermal 
resistance 
of 
90°C/W, 
above 
25°C. 
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FIGURE 
1. Simplified 
LH0036 


The 
LH0036 
is a 2 stage 
amplifier 
with 
a high 


input 
impedance 
gain 
stage 
comprised 
of A, 
and 
A2 
and 
a differential 
to 
single-ended 
unity 
gain 


stage, 
A3. 
Operational 
amplifier, 
A 


" 


receives 


differential 
input 
signal, 
e 
" 


and 
amplifies 
it by a 


factor 
equal 
to 
(Rl 
+ RG)/RG. 


A, 
also 
receives 
input 
e2 via A2 and 
R2. e2 is seen 
as an 
inverting 
signal 
with 
a gain 
of 
Rl/RG· 
A, 


also 
receives 
the 
common 
mode 
signal 
eCM and 
processes 
it with 
a gain 
of 
+1. 


Hence: 


Rl + RG 
V, 
= 
--- 
e, 


RG 


R2 + RG 
V2 = --- 
e2 
RG 


For 
Rl 
= R2: 


V2 - 
V, 
= [CRRJ+ 
1] (e2 - 
e,) 
(3) 


Also, 
for 
R3 = R5 = R4 = R6, 
the 
gain 
of A3 = 1, 
and: 


eo = (1)(V2 
- 
V,) 
= (e2 -e,) 
[1 
+ (2 


R 
R 


G 


1) 
] 
(4) 


As can 
be 
seen 
for 
identically 
matched 
resistors, 


eCM 
is cancelled 
out, 
and 
the 
differential 
gain 
is 


dictated 
by equation 
(4). 


For 
the 
LH0036, 
equation 
(4) reduces 
to: 


eo 
50k 


AVCL 
= 
--- 
= 1 + -- 


e2 - 
e, 
RG 


The 
closed 
loop 
gain 
may 
be set to any value from 
1 (RG 
= 00) to 
1000 
(RG 
== 50Q). 
Equatiu:1 
(5al 
re-arranged in more convenient 
form may be used 


to select 
RG for a desired 
gain: 


50k 
RG 
= 
AVCL 
- 
1 


In the standard 
configuration, 
pin 1 of the 
LH0036 
is simply 
grounded. 
The 
amplifier's 
slew 
rate 
in 
this 
configuration 
is typically 
0.3V Ills and 
small 


i::tppllCcHlons, 
panlCUlarlY 
aT 
lOW frequency, 
It may 
be desirable 
to 
limit 
bandwidth 
in order 
to 
mini- 


mize 
the 
overall 
noise 
bandwidth 
of the 
device. 
A 
resistor 
Rsw 
may 
be 
placed 
between 
pin 
1 and 
ground 
to accomplish 
this purpose. 
Figure 
2 shows 


typical 
small 
signal 
bandwidth 
versus 
Rsw. 


g loolt 
=~ 
Q 
~ 
:; 
10k 


FIGURE 2. Bandwidth 
YS RBW 


It also 
should 
be noted 
that 
large signal 
bandwidth 
and 
slew 
rate 
may 
be 
adjusted 
down 
by 
use 
of 


Rsw. 
Figure 
3 
is plot 
of 
slew 
rate 
versus 
Rsw. 
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CMRR 
CONSIDERATIONS 


Use 
of 
Pin 
9, 
CMRR 
Preset 


Pin 
9 should 
be grounded 
for 
nominal 
operation. 


An 
internal 
factory 
trimmed 
resistor, 
R6, 
will 


yield 
a CMR R in excess of 80 dB (for AVCL 
= 100). 


Should 
a higher 
CMRR 
be desired, 
pin 
9 should 
be 
left 
open 
and 
the 
procedure, 
in this 
section 
followed. 


DC 
Off-set 
Voltage 
and 
Common 
Mode 


Rejection 
Adjustments 


Off-set 
may 
be 
nulled 
using 
the 
circuit 
shown 
in 


Figure 
4. 


FIGURE 4. Vas 
Adjustment Circuit 


Pin 
8 is also 
used 
to improve 
the 
common 
mode 


rejection 
ratio 
as 
shown 
in 
Figure 
5. 
Null 
is 


achieved by alternately 
applying ±10V 
(for V+ & 


V- 
= 
15V) 
to 
the inputs 
and adjusting 
R1 for 


minimum 
change at the output. 


The circuits 
of 
Figure 4 and 5 may be combined 


as shown 
in 
Figure 6 to accomplish 
both 
Vas 
and CMRR 
null. 
However, 
the Vas 
and CMRR 


adjustment 
are 
interactive 
and 
several 
iterations 
are required. 
The procedure for null should start 
with the inputs grounded. 


R2 is adjusted for 
Vas 
null. 
An input 
of +10V 


is then appl ied and R1 is adjusted for CMRR null. 
The procedure is then repeated until the optimum 


is achieved. 


A circuit 
which 
overcomes 
adjustment 
interaction 
is shown in Figure 7. In this case, R2 is adjusted 
first 
for output 
null of the LH0036. 
R1 is then 


adjusted 
for 
output 
null 
with 
+10V 
input. 
It is 
always a good idea to check CMRR 
null with 
a 


-10V 
input. 
'The optimum 
null 
achievable will 


yield 
the highest CMR R over the amplifiers 
com- 


mon mode range. 


AC CMRR 
Considerations 


The ac CMRR may be improved using the circuit 
of Figure 8. 


After 
adjusting 
Rl 
for best de CMRR as before, 


R2 should be adjusted for minimum 
peak-to-peak 


voltage 
at 
the 
output 
while 
applying 
an 
ac 
common 
mode signal of the maximum 
amplitude 
and frequency of interest. 


Under nominal operating conditions 
(pin 3 ground- 


ed). the LH0036 
requires input currents of 40 nA. 


The input 
current 
may be reduced by inserting a 


resistor 
(Rs) 
between 
3 and ground 
or, 
alter- 


natively, 
between 3 and V- 
For Rs returned to 


ground, 
the input 
bias current 
may be predicted 


by: 


V+ - 
0.5 


ISlAS ~ 


4 x 108 + BOORS 


V+ - 
05- 
(4 x 108) (ISlAS! 


Rs 
= ----------- 


BOOISlAS 


ISlAS = Input Bias Current (nA) 


Rs 
= External 
Resistor connected between 


pin 3 and ground (Ohms! 


V+ = Positive Supply Voltage (Volts) 


10 


1;~ 


1.0 


As indicated 
above, Rs may be returned 
to the 


negative supply 
voltage. 
Input 
bias current 
may 
then be predicted 
by: 


(V+ - V-! - 
0.5 


ISlAS ~ 
4 x 108 + BOO·R8 


(y+ - V-I 
- 0.5 - 
(4 x lOs)(lsIAS) 


800 
ISlAS 


Where: 


IBIAS = Input 
Bias Current 
(nA) 


RB 
= 
External 
resistor 
connected 
between 


pin 3 and Y- 
(Ohms) 


y+ 
= Positive 
Supply 
Yoltage 
(Yolts) 


Y- = Negative 
Supply 
Yoltage 
(Yolts) 


10 


1;~ 
1.0 


Figure 
10 
is a plot 
of 
input 
bias 
current 
versus 
RB 
returned 
to 
Y- 
it should 
be noted 
that 
band· 
width 
is affected 
by changes 
in RB. 
Figure 
11 is a 
plot 
of bandwidth 
versus 
RB. 
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BIAS 
CURRENT 
RETURN 
PATH 
CONSIDER'ATIONS 


The 
LH0036 
exhibits 
input 
bias currents 
typically 
in 
the 
40 
nA 
region 
in each 
input. 
This 
current 
must 
flow 
through 
R ISO 
as shown 
in 
Figure 
12. 


In a typical 
application, 
Ys 
= ±15Y, 
IB1 == \B2 == 


40 
nA, 
the 
total 
current, 
IT, would 
flow 
through 
Rlso 
causing 
a voltage 
rise at point 
A. For 
values 
of 
Rlso "2 150 M.II., the voltage 
at point 
A exceeds 
the 
+12Y 
common 
range 
of 
the 
device. 
Clearly, 


for 
Rlso 
= =, the 
LH0036 
would 
be driven 
to 


positive saturation. 


The 
implication 
is that 
a finite 
impedance 
must 
be supplied 
between 
the 
input 
and 
power 
supply 
ground. 
The 
value 
of 
the 
resistor 
is dictated 
by 


the 
maximum 
input 
bias current, 
and the 
common 


mode 
voltage. 
Under 
worst 
case conditions: 


YCMA - 
YCM 


Rlso 
::::::------ 
IT 


Where: 


YCMA 
= 
Common 
Mode 
Range 
(10Y 
for 
the 
LH0036) 


YCM 
Common 
Mode 
Yoltage 


IT 
= IB1 
+ IB2 


In applications 
in which 
the 
signal 
source 
is float- 


ing, such 
as a thermocouple, 
one end of the source 


may 
be grounded 
directly 
or through 
a resistor. 


Pin 
2 of the 
LH0036 
is provided 
as a guard 
drive 


pin 
in those 
stringent 
applications 
which 
require 


very 
low 
leakage 
and 
minimum 
input 
capacitance. 


Pin 
2 will 
always 
be biased 
at the 
input 
common 


mode 
voltage. 
The 
source 
impedance 
looking 
into 


pin 
2 is approximately 
15 k.ll.. Proper 
use of the 


guard/shield 
pin 
is shown 
in Figure 
13. 


For applications 
requiring 
a lower source 
impedance 


than 
15 
k.ll., 
a 
unity 
gain 
buffer, 
such 
as 
the 


LH0002 
may 
be 
inserted 
between 
pin 
2 and 
the 


input 
shields 
as shown 
in Figure 
14. 


Bandwidth: 
The 
frequency 
at which 
the 
voltage 


gain 
is reduced 
to 
0.707 
of 
the 
low 
frequency 


(dc) 
value. 


Closed 
Loop Gain, 
AVCL: 
The 
ratio 
of the output 


voltage 
swing 
to 
the 
input 
voltage 
swing 
deter- 
mined 
by 
AVCL 
= 
1 + (50k/RG). 
Where: 
RG 
= 


Gain 
Set 
Resistor. 


Common 
Mode 
Rejection 
Ratio: 
The 
ratio 
of 


input 
voltage 
range 
to the 
peak-to-peak 
change 
in 


offset 
voltage 
over 
this 
range. 


Gain 
Equation 
Accuracy: 
The 
deviation 
of 
the 


actual 
closed 
loop 
gain 
from 
the 
predicted 
closed 


loop 
gain, 
AVCL 
= 1 + (50k/RG) 
for the specified 


closed 
loop 
gain. 


Input 
Bias 
Current: 
The 
current 
flowing 
at pin 
5 


and 
6 under 
the 
specified 
operating 
conditions. 


Input Offset 
Current: 
The 
difference 
between 
the 


input 
bias 
current 
at 
pins 
5 and 
6; 
i.e. 
los 
= 


115 - 
161. 


Input 
Stage 
Offset 
Voltage, 
VIOS: 
The 
voltage 


which 
must 
be applied 
to the 
input 
pins 
to force 


the 
output 
to zero 
volts 
for 
AVCL 
= 100. 


Output 
Stage 
Offset 
Voltage, 
Voos: 
The 
voltage 


which 
must 
be applied 
to the 
input 
of the output 


stage 
to 
produce 
zero 
output 
voltage. 
It can 
be 


measured 
by measuring 
the 
overall 
offset 
at unity 


gain and subtracting 
V,OS' 


VOOS=[VOSI 
]-[Vosi 
] 
AVCL 
= 1 
AVCL 
= 1000 


VOOS 
Vos 
= V,OS + 
AVCL 


Power 
Supply 
Rejection 
Ratio: 
The 
ratio 
of 
the 
change 
in 
offset 
voltage, 
Vos, 
to 
the 
change 
in 
supply 
voltage 
producing 
it. 


Resistor, 
Ra: 
An optional 
resistor 
placed 
between 
pin 
3 
of 
the 
LH0036 
and 
ground 
(or 
V-) 
to 
reduce 
the 
input 
bias 
current. 


Resistor. 
Raw: 
An 
optional 
resistor 
placed 
be- 


tween 
pin 
1 of 
the 
LH0036 
and 
ground 
(or V-) 
to 
reduce 
the 
bandwidth 
of 
the 
output 
stage. 


Resistor, 
RG: 
A gain 
setting 
resistor 
connected 
between 
pins 
4 and 
7 of the 
LH0036 
in order 
to 
program 
the 
gain 
from 
1 to 
1000. 


Settling 
Time: 
The 
time 
between 
the 
initiation 
of 
an 
input 
step 
function 
and 
the 
time 
when 
the 
output 
voltage 
has 
settled 
to 
within 
a specified 
error 
band 
of 
the 
final 
output 
voltage. 


LH0038/LH0038C 
True Instrumentation Amplifier 


General Description 


The LH0038/LH0038C 
is a precision true instrumenta- 
tion amplifier 
(TIA) capable of amplifying 
very low level 
signals, such as thermocouple 
and low impedance strain 
guage outputs. 
Precision thin 
film 
gain setting resistors 
are included 
in the package to allow the user to set the 
closed-loop 
gain from 
100 to 2000. Since the resistors 
are of 
a homogeneous 
single chip 
construction, 
they 
track almost perfectly 
so that temperature 
variations of 
closed loop 
gain are virtually 
eliminated. 


LH0038 
exhibits 
excellent 
CMRR, PSRR, gain linearity, 
as well 
as extremely 
low 
input 
offset 
voltage, 
offset 
voltage 
drift 
and 
input 
noise 
voltage. 


The devices are provided in a hermetically 
sealed 16-lead 


DIP. The LH0038 
is guaranteed from -55°C 
to +125°C; 


wherea, 
the 
LH0038C 
is guaranteed 
from 
-25°C 
to 
+85°C. 


• 
Ultra-low offset voltage 
25 IlV typ., 
100 IlV max 


• 
Ultra-low offset drift 
0.251lV IC max 


• 
Ultra-low 
input noise 
0.2IlVp-p 


• 
Pin strap gain options 
100, 200, 400, 
500, 
1k, 2k 


• 
Excellent PSRRand CM RR 
120 dB 


"' 
"" 
1k 
1k 


"14 
20k 
"' 
"12 
lOOk 
lOOk 
"20 
"Ok 
IS OUTPUT 


SENSE 


OUTPUT 


"21 
lOOk 
16 
GROUND 


SENSE 


Your 
16 
CiRQUNOSENSE 


V' 


15 
OUTPUT 
SENSE 


OFFSET 
ADJUST 
{ 
,t v- 


lJ 


lHV, 
INPUT 


R115 


12 
NON. 
tNV 
INPUT 


RZOD 
11 
GUARD. 
CASE. 


R'OOO 
" ,- 


Order 
Number 
LH00380 
or LH0038CO 


TOP VIEW 
See Package 
0160 


* Guard output 
is connected to the case. 


Absolute Maximum Ratings 


Supply Voltage 
±18V 


Differential 
Input 
Voltage (Note 1) 
±lV 


Input Voltage 
±VS 
Power Dissipation 
(See Curve) 
500 mW 


Short Circuit 
Duration 
Continuous 


Operating Temperature 
Range 


LH0038 
-55°C 
to +125°C 


LH0038C 
-25°C 
to +85°C 


Storage Temperature 
--£5°C to +150°C 


Lead Temperature 
(Soldering, 
20 seconds) 
300°C 


DC Electrical Characteristics 
(Note 2) 


LHOO38 
LHOO38C 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V,OS 
Input Offset Voltage 
TA=25°C 
25 
100 
30 
150 


125 
220 


J.l.V 


t.V,OS/t.T 
Input Offset Voltage 
0.1 
0.25 
0.2 
1.0 
J.l.vfc 


Tempco 
RS = 50n 


VOOS 
Output 
Offset Voltage 
VCM = OV 
TA = 25°C 
3 
10 
5 
25 


mV 


15 
30 


t.VOOS/t.T 
Output 
Offset Voltage 
25 
25 
J.l.vfc 


Tempco 


IB 
Input Bias Current 
TA = 25°C 
50 
100 
50 
100 


200 
200 


nA 


10S 
Input Offset Current 
TA = 25°C 
2 
5 
7 
10 


8 
15 
VCM = OV 
pAfc 
t.IB/t. 
T 
Input 
Bias Current 
500 
500 


Tempco 


AVCL 
Closed Loop Gain 
Gain Pins Jumpered 


None 
100 
100 


6-10 
200 
200 


6-9,10-5 
400 
400 
V/V 


6-10,5-9 
500 
500 


7-10 
1000 
1000 


8-10 
2000 
2000 


Closed Loop Gain 
AVCL = 100,200 
0.1 
0.3 
0.1 
0.4 


Error 
AVCL 
= 400, 500 
0.2 
0.3 
0.2 
0.6 


% 


AVCL = 1000 
0.3 
0.5 
0.5 
1.0 


AVCL = 2000 
1.0 
2.0 
1.5 
3.0 


Gain Temperature 
AVCL = lk 
7 
7 
ppmfC 


Coefficient 


Gain Nonlinearity 
100'S AVCL 'S 2k 
1 
1 
ppm 


VINCM 
Common-Mode 
Input 
±10 
±12 
±10 
±12 


Voltage Range 


Vo 
Output 
Voltage 
RL~ 
10kn 
±10 
±12 
±10 
±12 
V 


Vs 
Supply Voltage Range 
±5 
±18 
±5 
±18 


Guard Voltage Error 
-10V < VCM < +10V 
±10 
±100 
±10 
±100 
mV 


DC Electrical Characteristics 
(Note 2) 
(Continued) 


LH0038 
LH0038C 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CMRR 
Common-Mode 
VIN = ±10V 
AVCL 
= 100 
94 
110 
86 
110 


Rejection 
Ratio 
AVCL = 1000 
114 
120 
106 
110 
dB 
PSRR 
Power Supply 
±5V:::: LWS:::: ±15V 
AVCL 
= 100 
94 
110 
94 
110 


Rejection 
Ratio 
AVCL 
= 1000 
110 
120 
100 
110 


IOSC 
Output 
Short 
TA = 25°C 
±2 
±5 
±10 
±2 
±5 
±10 


Circuit 
Current 
mA 


IS 
Supply Current 
TA = 25°C 
1.6 
2.0 
1.6 
3.0 


RIN DIFF 
Input Resistance 
AVCL 
= 1000, TA = 25°C 
5 
5 
Mn 


RIN CM 
Common-Mode 
Input 
1 
1 
Gn 


Resistance 


ROUT 
Output 
Resistance 
1 
1 
mn 


AC Electrical Characteristics 
Vs = ±15V, TA = 25°C 


PARAMETER 
COMMENT 
CONDITIONS 
TYP 
UNITS 


en 
Equivalent 
Input Noise Voltage 
Figure 
7 
Rs = 0, f = 0.1 to 10Hz 
0.2 
J1Vp-p 


en 
Equivalent 
Input Spot Noise 
Figure 
7 
RS = lOOn 
f = 10 Hz 
6.5 


Voltage 
f=100Hz 
6.0 
nV/VHz 


f = 1 kHz 
6.0 


f=10kHz 
6.0 


BW 
Large Signal Bandwidth 
VOUT = ±10V 
1.6 
kHz 


Sr 
Slew Rate 
VOUT = ±10V 
0.3 
V/J1s 


ts 
Settling Time to 0.01% 
Figure 
73 
20V Step 
120 


-10V 
Step 
80 
J1S 


+10V Step 
60 


tr 
Rise Time 
LWOUT 
= 100 mV 
AVCL 
= 100 
6 


AVCL ~ 1000 
13 


J1S 


in 
Equivalent 
Input Spot 
RS = 100 Mn 
f = 10 Hz 
0.1 
pA/VHz 


Noise Current 


Note 
1: 
The 
inputs are protected 
by 
diodes for overvoltage protection. 
Excessive currents 
will 
flow 
for differential 
voltages in excess of ±lV. 
Input current should be limited 
to less than 10 mA. 


Note 2: 
Unless otherwise 
noted 
these specifications 
apply 
for Vs = ±15.0V, 
pin 15 connected to pin 1, pin 16 connected to ground, over the 
temperature 
range -55°C 
to +12SoC 
for the LH0038 
and -2SoC 
to +8SoC 
for LHOO38C. 
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Closed 
Loop 
Frequency 
Response 


\ 
~I 


VS'" 
+15V 


Rl?10k 
TA = 25"C 


Input 
Noise 
Voltage 
(Includes 
Source 
Impedance) 


14 
VS'~ "~15V 


12 
AS:: 
100 


TA '" 25 C 


Vs = ±15V, RS = 1kl1, AV = 10k, DUT = 1k 
Vertical sensitivity: 0.1 j.lV/CM 
Horizontal sensitivity: 5 see/eM 
Bandwidth: 
0.1 Hz to 10Hz 


110 


'00 
! 
90 


]0 
TA::: 125°C 


20 
-~ 


-15 
-10 
-5 
0 


Common-Mode 
Rejection 
(::E fij 


~ 
:: 
~~NC~;,':0 
,VIN § 


~ 
40 
U-l. 


~ 
VS=:t15V 


~ 
20 
TA =2S 


OC 
8 
0 
AVCl 
= lk, 
VIN:: 
±10V 
n.lilw 


10 
100 
lk 
10k 
lOOk 


FREOUENCY 
(Hz) 


Output 
Swing 


15 r-- •••• 
" 


VS=±15V 
RL ~ 10kl1 
AVCL = lk 


T~'25yL 


.••••••••• 
1 


1 
.-r 
TA1·"tc 
- 


./ 
,..,-- 


Power 
Supply 
Rejection 
~,.o 
~ 


o 
120 
.o.Vs=ZV 
~ 
~ 
100i 
> 
~~~ 
~ 


1.75 


4 
1.50 
S 
tz 
1.25 
~ 
g; 
1.0 


> 
0.75 


~ 
0.50 


Vs= 
±15V 


60 tTA:Z50C 
1\ 
AVCl=100 


40 
~ 
.o.VS=2V 


20 
~ 


o 
AVCL 
= lk, .o.vS '" lOV lllillLlllJ 


10 
tOO 
lk 
10k 
lOOk 


VS=±15V 
RL> 
10kl1 


AVCL=lk 


D 


lH0070 


10.00V REFERENCE 


2 


15V:.~ 


10 !IF 


2 
15 


-15V 
- 


FIGURE 
2. X1000 
Bridge 
Amplifier 


The 
LH0038 
is a 3-stage, 
true 
instrumentation 
amplifier 
composed 
of a well 
matched 
transistor 
differential 
pair, 


Ql 
and 
Q2, a common-mode 
loop 
amplifier, 
A2 and A3, 
and a differential 
to single 
ended 
amplifier, 
A4. A simpli- 


fied schematic 
is shown 
in Figure 3. 


current 
to be 20 IlA per 
side. 
The 
action 
of A2 and A3 


is such 
that 
20 IlA 
is maintained 
constant 
despite 
the 


presence 
of common-mode 
signals. 
The 
differential 
out- 


puts 
of A2 and 
A3 are applied 
to differential 
amplifier, 


A4, 
which 
converts 
the 
signal 
to a single-ended 
output 
and 
provides 
a gain 
of 5. The 
total 
gain of the 
amplifier 
is, therefore, 
the 
fixed 
gain of 5 multiplied 
by the 
gain 
of the 
composite 
input 
stage. 
Current 
source, 
lA, 
establishes 
a voltage 
across 
R14 
of 
approximately 
2V, 
which 
results 
in a 2V drop 
across 
R8 
and 
R12. 
This 
constant 
voltage 
forces 
the 
first 
stage 


r- 
Applications 
Information 
(Continued) 
:J: 
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V+ 
0 
(,.) 
~r- 
:J: 


R8 
R12 
R14 
0 


lOOk 
lOOk 
20k 
0 
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(,.) 
lOOk 
CO 
Vl 
(") 
R8 
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IA R14 
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V2 
R19 
20k 


R2l 
lOOk 


02 
IAt 
lOOIlA 
- 
- 
V- 
R16 
RE 
lOOk 


The 
closed 
loop 
gain 
of the 
composite 
amplifier 
may 
be 
better 
understood 
by 
referring 
to Figure 3. The 
Ql-A2 
loop 
may 
be 
viewed 
as differential 
amplifier 
with 
the 
inverting 
input 
at 
the 
base 
and 
non-inverting 
input 
at 
the 
emitter. 
Combining 
small 
signal 
AC and 
large 
signal 


DC analysis 
= 


For 
11 '= 12. R17 '= RIG. 
VBEI 
'= VBE2. 
subtracting 
equation 
(1) from 
(2) results 
in: 


( 
R1G 


R 


+ 


E 


RE) 
v2-vl 
= (e2-e1) 


( 
R16) 
+ (e2-e1) 
RE 


v2-vl 
2 R16 


e2-el 
RE 


The differential 
input 
voltage (v2 - vl) 
is amplified 
by 
the closed loop gain of A4: 


All other closed loop gain configurations 
place a precision 
resistor in parallel with 
RE(R9 + Rl0). 
For example, for 
a gain of 200, pin 6 is connected 
to pin 10 and the gain 
is predicted by: 


[ 


(2) (lOOk) 
AVCL = 5.00 
-(1-0-.-5-26-k-)-II-(-10-.-0-0-0k-) 
R20 
AVCL4 
= AS 


CLOSED LOOP GAIN CONSIDERATIONS 
USING INTERNAL 
RESISTORS 


( 


2R16 
AVCL 
= 5 
-- 


RE 


Table 
I 
summarizes 
the 
primary 
gain 
configurations 
available with 
the 
LH0038. 
Obviously, 
other 
gains are 
possible. Using the internally 
supplied 
resistors has the 
advantage that 
R16, 
R17, and RE all track 
thermally, 


minimizing 
the 
device's 
gain 
error 
as a function 
of 
temperature. 


As an example, with all gain pins open, RE = 10.526 kD., 
and: 


( 
(2) 
(lOOk) 
) 


AVCL 
= 5 
--- 
+ 1 
10.526k 


Gain adjustment 
by paralleling 
or series padding 
inter- 


nally 
supplied 
resistors 
is generally 
discouraged 
since 
external 
resistors will 
generally 
not 
thermally 
track. 
It 
is recommended 
that 
the gain adjustment 
be done in a 
subsequent stage as shown in Figure 4. 


X 1000 
15V 


-15V 


OFFSET 
ADJUST 


R1 
- 
= 1 ±0.05% 


R2 


OVERALL 
FIRST STAGE 
EFFECTIVE 


GAIN 
GAIN 
PIN CONNECTIONS 
RE 


100 
20 
All Gain Pins Open 
10.5260 kS"l 


200 
40 
Pin 6 to Pin 10 
5.1281 kD. 


400 
80 
Pin 6 to Pin 9, Pin 10 to Pin 5 
2.5316 kD. 


500 
100 
Pin 6 to Pin 10, Pin 9 to Pin 5 
2.0202 kD. 


1000 
200 
Pin 7 to Pin 10 
1.0050 kD. 


2000 
400 
Pin 8 to Pin 10 
0.5013 kD. 


The 
LH0038 
is provided 
with 
a guard drive 
output, 


which will always be at the input common-mode voltage. 
The guard drive 
amplifier 
is short-circuit 
proof and is 


capable of driving 
several thousand pF without 
danger 


of latch-up or oscillation. 


The guard drive output 
is also connected to the case to 
provide electrostatic shielding to the system. 


The guard drive tied to a shielded input cable will greatly 
reduce noise pick·up, 
and also improve 
AC CMRR by 
maintaining 
the 
shield 
at the common-mode 
voltage. 
Figure 
5 illustrates 
the proper use of the guard drive. 


The feedback 
network 
of the LH0038 
may be closed 
directly 
at the load in order to eliminate errors due to 


lead resistance. Also, a unity 
gain buffer; e.g. LH0002, 


may be included within 
the feedback loop to increase 


output current capability 
as shown in Figure 
7. 


t 
Your 


FIGURE 
7. Output Buffer Connection 
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Offset 
of the 
LH0038 
is trimmed 
by the factory 
to a 


very low value. The offset may be further 
trimmed 
using 


a 10 kil, 
10 turn, 
100 ppmtC 
potentiometer 
as shown 
in Figure 8. However, a drift 
increase of 0.3 MVtC 
will 


be caused for 
each 
100 MV of 
offset 
adjusted. 
The 
recommended 
offset 
null 
is shown 
in Figure 4 and is 


accomplished in the following 
stage. 


The LH0038 
exhibits 
bias current 
of approximately 
50 
nA per side, and requires a path to ground 
or supply. 
The 
practical 
limitation 
to 
the 
maximum 
resistance 


between the inputs 
and ground 
is dictated 
by negative 


common·mode 
range as shown in Figure 9. For example, 
for VCM = -10V, 
RCM ~ 20 Mil. 


FIGURE 
8. Offset Adjust Circuit 
(See also Figure 4) 
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CURRENT 
SOURCE 


The LH0038 input stage bias was optimized 
for minimum 
voltage noise so the input 
bias currents are higher than 
might 
otherwise 
be expected. 
Note, 
however, 
that 
the 


input 
currents 
are very 
well 
matched, 
resulting 
in an 
offset 
current 
value much lower 
than one might 
infer 
from the bias current. 
In order to take advantage of this 


low 
offset 
current, 
the 
source 
impedances 
at 
both 
inputs should be matched to minimize 
DC drift. 
Further, 


bias current 
is relatively 
constant 
with 
temperature 
(as 


opposed 
to 
an FET 
stageL so one can consider 
bias 


current 
compensation 
schemes such as shown in Figure 


10. The danger with 
such techniques 
is that the offset 


current 
and noise contributed 
by the bias current 
com- 
pensator will 
dominate 
the system noise. 


IVCMRI-VCM 
RCM < 


- 
IS1 + IS2 


~VCM 


~ 


where: 


VeMR 
= Common-Mode 
Range = ±12V 
VCM 
= Common-Mode 
Input 
Voltage 


IB1 + 182 = Bias Current 
= 100 nA 


FIGURE 
10. Bias Current Compensation 
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The LH0038 
has been purposely over-compensated, and 
is therefore 
remarkably 
free from any undesi rable tran- 


sient response. Small signal settling time is governed by 
gain-bandwidth 
product; 
large signal 
settling 
time 
is 


dominated 
by slew rate. 


Figure 
11 shows an input 
voltage step of +10V to -10V 


applied, 
through 
a 1000 
to 
1 voltage 
divider, 
to 
the 


device configured 
for 
an inverting 
gain of 
1000. The 


output 
of 
the 
device 
will 
therefore 
be equal to 
the 


negative 
of 
the 
input 
after 
the 
device is completely 


settled. 
By resistively 
subtracting 
the input 
before the 


divider 
from the device output, 
a pseudo summing node 


is generated. The voltage at this pseudo summing junc- 
tion 
goes "off 
screen" on the photos, since in the first 


small time 
increment 
the input goes instantaneously 
to 


-10 
mV and the output 
is still at +10V. 
About 
130 IlS 


after the input 
has gone negative, the output 
slews back 
in 
range and 
begins an exponential 
approach 
to 
the 


final 
value. Figure 
12 is the 
same set-up for 
a -lOV 


to 
+10V 
input 
pulse. Note that 
there is no overshoot 


in either case. The test circuit 
is shown in Figure 
13. 


The 
LH0038 
resistor 
ratios 
are carefully 
trimmed 
for 


optimum 
CMRR 
at DC through 
60 Hz. Inevitably, 
this 


rejection 
will 
degrade at higher 
frequencies 
due to 
2 


separate effects: 
stray 
capacitance 
mismatch 
and slew 


rate limiting 
in the input 
stage. In most discrete instru- 


PSEUDO 
SUMMING 
JUNCTION 
ov 


Is. AV = 100. VIN 
= -20'1 


FIGURE 
11. Settling Time 


mentation 
amplifier 
realizations, 
the stray capacitance 
mismatch 
dominates 
simply 
because the 
stray 
capac- 
itances are relatively 
large (this can be trimmed 
out in a 
discrete 
amplifier). 
In 
a 
hybrid 
circuit 
such 
as the 
LH0038, 
stray capacitance 
is minimized, 
so the effects 
of mismatch are also minimized. 


The 
response to 
a pulse or 
noise spike applied 
as a 
common-mode 
signal 
may 
be dominated 
by the 
slew 
characteristics 
of the input stage. Whenever the common- 


mode 
input 
slew rate exceeds 0.2 
V IllS, 
the 
2 input 
amplifiers 
will 
apply 
identical 
ramp signals to the final 
stage and cause its output 
to go to near OV. Note that 
the amplifier 
is not really active under these conditions 


as normal mode signal variations 
will not be coupled to 
the output. 
Some time may be required for the amplifier 
to settle after a transient 
of this kind before the output 
can be considered representative of the input. 
Slew rate 
limiting 
will 
not normally 
be the limiting 
factor for sine 
wave common-mode 
signals as 0.2 V IllS corresponds to 
about 2 kHz (20 Vp-pj. 


Although 
the 
LH0038 
exhibits 
in excess of 
120 dB 
PSRR at DC, the figure degrades to 100 dB at 120 Hz. 
It is recommended 
that 
both 
V+ and V- 
leads be by- 


passed with 
1 IlF 
electrolytic 
in shunt 
with 
0.01 IlF 
ceramic disc no further 
than 1 inch from the device. 


PSEUDO 
SUMMING 
JUNCTION 


IS. AV = 100, \fIN = 20'1 


FIGURE 
12. Settling Time 


PSEUDO 
SUMMING 
JUNCTION 


OUTPUT 
" 
~~"~" 
Cl 
0.1 
" 
~ 
VS" 
.!.15V 
l005AvCl 
::;:lk 
0,01 


Bandwidth: 
That frequency 
at which the voltage gain is 
reduced to 3 dB below the low frequency value. 


Common-Mode 
Rejection 
Ratio, 
CMRR: 
The ratio of 
the input 
common-mode 
voltage range to the peak-to- 
peak change in input offset voltage over this range. 


Input Offset Voltage, Vias: 
The voltage which must be 
applied to the inputs to force the outputs of the input 
stage to OV. Vias 
can be calculated by measuring Vas 


at closed loop 
gains of 
100 and 2000 
and using the 


following 
equation: 


(Vas) 
2k - (Vas) 
100 


Vlas= 
1900 


(Vas)2k 
= overall 
offset 
voltage for 
AVCL 
= 2k. 


(Vas)100 
= overall offset voltage for AVCL 
= 100. 


Gain Non-Linearity: 
The deviation 
of the gain from 
a 


straight 
line drawn through the end points expressed as 


a percent 
of 
full-scale 
(10V 
for 
operations 
on ±15V 


supply). 
Note that this is a more stringent specification 


than deviation 
from the best straight line and is double 


the 
number 
that 
would 
be specified if the percentage 
were based on a 20V (±10V) range. 


Guard Voltage 
Error: 
The voltage difference 
between 


the guard drive output 
and the average of the 2 input 


voltages. 


Input 
Bias Current, 
IB: 
The 
average of 
the 
2 input 


currents. 


Input Common-Mode Voltage Range, VINCM: 
The range 


of voltages on the input terminals for which the ampli- 
fier 
is operational. 
Note that the specifications 
are not 


guaranteed over the full 
common-mode 
voltage 
range 
unless specifically stated. 


Input affset 
Current, 10S: The difference in the currents 
into 
the 2 input 
terminals 
when the output 
is at zero. 


Input 
Resistance: The 
ratio 
of 
the 
change 
in 
input 


voltage to the change in input 
current 
on either input 


with the other grounded. 


Overall Offset 
Voltage, 
Vas: 
The output 
voltage when 


both 
inputs are connected to OV. Vas 
is composed of 
input amplifier 
offset voltage effects, ViaS, 
and output 


amplifier effects, Vaas. 
It is given by: 


AVCL = closed loop gain = 100 to 2k 


VIOS = input stage offset voltage 


Vaas 
= output stage offset voltage 


Output 
Offset Voltage, VOOS: The output 
voltage when 


the outputs of the input stage are forced to OV. Vaas 
may be calculated by measuring Vas 
at closed loop gains 


of 100 and 2000 and using the following 
equation: 


Vaas 
= (20) (Vas) 
100 - (Vas) 
2k 


19 


(Vas) 
100 = overall offset voltage for AVCL 
= 100 


(Vas) 
2k = overall offset voltage for AVCL 


Output 
Voltage, 
VO: 
The peak output 
voltage swing, 


referred to zero. 


Offset 
Voltage 
Temperature 
Drift, 
f>VIOSIf> T: 
The 


averagedrift 
rate of offset voltage for a thermal variation 


from 
room 
temperature 
to 
the 
indicated 
temperature 
extreme. 


Power Supply Rejection 
Ratio, PSRR: The ratio of the 


change in input 
offset 
voltage to the change in power 
supply voltages producing it. 


Settling Times, ts: The time between the initiation 
of the 


input step function and the time when the output 
voltage 


has settled to within 
a specified error band of the final 


output 
voltage. 


Slew Rate, Sr: The internally-limited 
rate of change in 


output 
voltage with 
a large-amplitude step function 
ap- 


plied to the input. 


Supply 
Current, 
±Is: 
The 
current 
required 
from 
the 


power supply to operate the amplifier 
with 
no load and 


the output 
midway between the supplies. 


Supply 
Voltage 
Range: The 
range of 
voltages on the 


supply 
terminals 
for 
which 
the 
device is operational. 


Note that the specifications 
are not guaranteed over the 


full supply voltage range unless specifically stated. 


Transient 
Response, tr: 
The closed-loop 
step-function 
response of the amplifier 
under small-signal conditions. 


Unity 
Gain Bandwidth: 
The frequency 
range from 
DC 


to 
the frequency 
where the 
amplifier 
open loop gain 


rolls off to 1_ 


Closed Loop Gain, AVCL: 
The ratio of output voltage to 


input 
voltage 
under 
the 
stated 
conditions 
of 
source 


resistance (RS) and load resistance (RL). 


Voltage Gain Error: 
The deviation 
in percent 
between 
the ideal voltage gain and the value obtained when the 
device is configured 
for that gain. 
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The LH0084/LH0084C 
is a self-contained, 
high speed, high 


accuracy, 
digitally-programmable-gain 
instrumentation 


amplifier. 
It consists 
of 
paired 
FET-input 
variable-gain 


voltage-follower 
input stages followed 
by a differential-to- 


single-ended 
output 
stage. The input 
stage 
is program- 


mable in accurate 
gain steps of 1,2, 5, orl0 controlled 
by the 


logic levels of a2-bitTIL-compatibledigital 
input word. For 
additional 
flexibility, 
the output 
stage is pin-strappable 
to 


fixed gains of 1,4, or 10 for an overali gain range of 1 to 100. 


Applications 
include 
increased 
dynamic 
range A-to-D con- 


verters, 
test 
systems, 
and post 
mUltiplexer 
amplifier 
for 


data acquisition 
systems. 


The 
device 
exhibits 
high 
input 
impedance, 
low 
offset 


voltage, 
high CMRR and PSRR, high speed, and excellent 


gain accuracy 
and gain non-linearity. 


The LH0084 
is guaranteed 
from 
- 55·C to + 125·C. The 


LH0084C 
is guaranteed 
from 
- 25·C 
to 
+ 85 ·C. Both 


devices are provided 
in a hermetically 
sealed 16-lead dual- 


in-line metal package. 


• 
Excellent 
gain accuracy 


and low gain non-linearity 


• 
Extremely 
low gain drift 


0.05% 
max 


0.01% typ 


1 ppm/·C 
typ 


10 ppm/·C 
max 


10"ntyp 


lOdB 
min 


• 
High input impedance 


• 
High CMRR and PSRR 


• 
TIL 
compatible 
digital 
inputs 


• 
High speed, settling 
to 0.1% 


--,r, 
" 
, 


Analog Input Voltage (Note 2) 
±15V 
Operating Temperature Range 


Differential 
Input Voltage (Note 2) 
±30V 
LHOOB4 
- 55'C to + 125'C 


LHOOB4C 
-25'Cto 
+B5'C 
Digital Input Voltage 
-4Y, +lBY 
-65'C 
to + 150'C 
Power Dissipation (See Curve) 
2.5W 
Storage Temperature 


Lead Temperature (Soldering, 20 seconds) 
+ 300'C 


DC Electrical Characteristics 
Vs= 
±15V, 
RL=10 
k{),TMINSTASTMAX 
unless 
noted 


Parameter 
Conditions 
LHOO84 
LHOO84C 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


V10S 
Input 
Offset 
Voltage 
Ti=25°C 
0.3 
5 
0.3 
10 
mV 
7 
13 


LlVlos/LlT 
Input 
Offset 
Voltage 
Rs = 100{) 
10 
10 
p.V/oC 


Change 
with 


Temperature 
VCM=O 


Voos 
Output 
Offset 
Voltage 
(Note 
3) 
T = 25°C 
0.6 
5 
0.6 
10 
mV 
7 
13 


LlVoos/LlT 
Output 
Offset 
Voltage 
20 
20 
p.V/oC 


Change 
with 


Temperature 


IB 
Input 
Bias 
Current 
Tj=25°C 
150 
500 
150 
500 
pA 
(Note 
4) 
500 
100 
nA 


los 
Input 
Offset 
Current 
Tj=25°C 
50 
200 
50 
200 
pA 


200 
50 
nA 


R1N 
Input 
Resistance 
Differential 
1011 
1011 


() 


Common-Mode 
1011 
1011 


V1N 
Input 
Voltage 
Range 
±10 
±10 
V 


Ay 
Voltage 
Gain 
See Table 
I 
1 
1 


2 
2 


5 
5 
10 
10 
VIV 


20 
20 


50 
50 
100 
100 


Gain 
Error 
Ay=1, 
2, 5 
0.01 
0.05 
0.02 
0.1 
Ay = 10, 20, 50, 100 TA=25°C 
0.02 
0.1 
0.03 
0.2 


Ay-1, 
2, 5 
0.02 
0.2 
0.02 
0.2 
% 
Ay = 10, 20, 50, 100 
0.03 
0.3 
0.03 
0.3 


Gain 
Nonlinearity 
TA=25°C 
0.002 
0.002 
0.005 
0.005 


LlAy/Ll T 
Gain 
Temperature 
1 
10 
1 
10 
ppm/oC 
Coefficient 


CMRR 
Common-Mode 
V1N= ± 10V 
Ay= 
1 
70 
80 
70 
80 
Rejection 
Ratio 
Ay=10 
76 
94 
76 
94 
Ay-100 
80 
94 
80 
94 
dB 


PSRR 
Power 
Supply 
± 8V s Vss 
± 18V 
Ay=1 
70 
84 
70 
84 
Rejection 
Ratio 
Ay-10 
76 
92 
76 
92 
Ay=100 
80 
104 
80 
104 


Vo 
Output 
Voltage 
Swing 
RL;,,10 
k{) 
±10 
±12 
± 10 
±12 
V 


Ic 
Output 
Short-Circuit 
TA = 25°C 
±5 
±18 
±40 
±5 
±18 
±40 
mA 
Current 
±2 
± 40 
±2 
±40 


DC Electrical Characteristics 
(Continued) 
Vs = ± 15V, RL = 10 kG, TMINsTAsT 
MAX unless 
noted 


Conditions 
LHOO84 
LHOO84C 
Units 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 


Ro 
Output 
Resistance 
0.05 
0.05 
G 


VIL 
Digital 
"0" 
0.7 
0.7 


Input 
Voltage 


V 
VIH 
Digital 
"1" 
2.0 
2.0 


Input 
Voltage 


IlL 
Digital 
"0" 
VIN = O.4V 
1.5 
40 
1.5 
40 


Input 
Current 


p.A 


IIH 
Digital 
"1" 
VIN = 2.4V 
0.01 
0.01 


Input 
Current 


Vs 
Supply 
Voltage 
±8 
±18 
±8 
±18 
V 


Range 


's(+) 
Positive 
Supply 
12 
18 
12 
26 


Current 
mA 


Is(-) 
Negative 
Supply 


Vss 
±18V 
8 
12 
8 
14 


Current 


PD 
Power 
Dissipation 
Vs= 
± 15V 
315 
450 
315 
600 
mW 


AC Electrical Characteristics 
Vs= 
±15V,TA=25°C, 
RL=10 
kG 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


BW 
Bandwidth 
(Figure 
1) 
Small 
Signal, 
Av= 
1 
3250 


-3 
dB 
Av= 
10 
500 
Av= 
100 
350 


kHz 


Small 
Signal, 
Av=1 
300 
-1% 
Av= 
10 
75 
Av= 
100 
55 


PBW 
Power 
Bandwidth 
200 


SR 
Slew 
Rate 


Vo= 
± 10V 
10 
13 
VII's 


ts 
Settling 
Time 
(Figure 
2) 
tNo= 
± 20V 
Av=1 
2.3 
3.0 


±0.1% 
Av = 10 
2.7 
3.5 


Av= 
100 
3.1 
4.0 
p.s 


Gain 
SWitching 
Time 
3.5 


EN 
Equivalent 
Input 
BW=0.1 
Hz·10 Hz 
7 
I'Vp-p 
Noise 
Voltage 
(Figure 
3) 
BW = 10 Hz-10 kHz 
1.4 
I'Vrms 
Av= 
100 
IN 
Equivalent 
Input 
BW=10 
Hz-10 kHz 
30 
pArms 
Noise 
Current 
(Figure 
3) 


Not81: 
Improper supply power·on sequence may damage the device. See Power Supply Connection section under Applications 
Information. 


Not82: 
For supply voltages less than 
:t: 15V the maximum 
input voltage is equal to the supply voltage. 


Note 3: These parameters are specified at junction 
temperature, TJ. In normal operation the junction 
temperature rises above the ambient temperature, TA. 


as a result of internal power dissipation, 
PD- TJ = TA + 8JAPD where 0jA is the thermal resistance 
from junction 
to a~bient. 


Note 4: The input bias currents are junction 
leakage currents which approximately 
double for every 10°C increase in the junction 
temperature. 
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TEMPERATURE 
rCI 
GAIN (VIVI 
AMBIENT 
TEMPERATURE 
re) 


Small 
Signal 
Frequency 
Response 
Common-Mode 
Rejection 
Power Supply 
Rejection 


50 
).,'.'\'N~ 
'20 II 
1~!11!,j0 


120 
VS· 
±15V 
vs= ±15V 
Av=' 100 


40 
- 


AS" son 


'DO 
VCM = ±lOV 


Ay'" 50 
Rl-'Okn 
Rs=50n 
'DO 
Av• 
to 
~ 
TA" 25°C 
AI/~2'O 
Av'" 
10 
S:: 
TA' 
25'C 
...l.J.W 


30 
80 
80j 


a; 
Ay·' 
" 


a; 
" 


'" 
20 


Ay·10 
~ 
- 
'" 
z 
~ 
60 
60 
Av"S 
~ 
~ 
~ 
1'j 
~ 
l:' 
10 
Av"'2 
II 


40 
40 
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FREQUENCY 
(Hz) 
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FREQUENCY 
(Hz) 


Input Common· 
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Supply 
Current 
Output 
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(tVI 
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Noise Voltage 
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Broadband 
Output 


Settling 
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Noise) 
Noise Voltage 
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instrumentation 
amplifier 
composed of a variable-gain 


voltage-follower 
input stage (A1 and A2), followed by a 
differential 
output stage (A3).The schematic is shown in 
Figure 
4. 


The input stage contains matched high-speed FET-input 
op 
amps 
(A1 and A2). A 
high-stability 
temperature- 
compensated resistor network (R1 through R7) controls 
feedback ratios at the inverting inputs of op amps A1and 
A2 via FETswitches S1A-S4Aand S18-S48. Since the FET 
switches are in series with the op amp input impedance 
their 
resistance 
match 
and temperature 
drift 
do not 
degrade 
the 
gain 
accuracy 
of 
the 
instrumentation 


amplifier. The FET switches 
are controlled 
through 
a 
1-of-4 decoder and switch driver, by the logic levels ap- 
plied at the digital input terminals 01 and DOand set the 
gain of the input stage as shown in Table I. 
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R4+ R5+ R6+ R7 
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Applications Information 
(Continued) 


TABLE I. GAIN TRUTH TABLE AND CONNECTION 
TABLE 


Digital 
Inputs 
1st Stage 
2nd Stage 
Overall 
Gain 
Pin Connections 
Gain 
Gain 


01 
DO 
Av(l) 
Av(2) 
Ay 


0 
0 
1 
1 
0 
1 
2 
6·10, 13·GND 
1 
2 


1 
0 
5 
5 
1 
1 
10 
10 


0 
0 
1 
4 
0 
1 
2 
7·10, 12·GND 
4 
8 
1 
0 
5 
20 


1 
1 
10 
40 


0 
0 
1 
10 


0 
1 
2 
8·10, 11·GND 
10 
20 
1 
0 
5 
50 


1 
1 
10 
100 


The output 
stage, consisting 
of op amp A3 and resistors 


R8 through 
R15, converts 
the voltage 
difference 
at the 


output 
of the input stage, V2 minus V1, to a single·ended 


output. 
For increased 
flexibility 
of the LH0084, the output 


stage 
gain is pin·strappable 
by selecting 
R10, R10 + R12, 
or R10 + R12 + R14 as feedback 
resistor 
for A3. The ratios 


of these 
resistors 
to the differential 
stage 
input 
resistor 


R3 are 
kept 
very 
accurate 
to 
maintain 
the 
excellent 


overall 
gain 
accuracy 
of 
the 
device. 
The output 
stage 
gain, AY(2)' is equal to the feedback 
resistance 
divided 
by 


the input 
resistance. 
Thus with, for example, 
Pin 7 wired 


to Pin 10, that gain would 
be: 


VOUT 
AY(2)=--- 
V2-V1 


To preserve 
the high common·mode 
rejection 
ratio of the 


output 
stage, the ground 
sense resistor, 
R11, R11+ R13 or 
R11+ R13 + R15, must 
match 
the feedback 
resistor 
used. 


The overall 
gain of the LH0084 is therefore: 


Ay=------ 


V1N( +)- V1N( -) 


The different 
gains available 
are in the range of 1 through 


100 and are summarized 
in Table I. 


POWER SUPPLY CONNECTIONS 


Proper power supply 
connections 
are shown 
in Figure 
5. 


The power 
supplies 
should 
be bypassed 
to ground 
as 


close 
as possible 
to device 
supply 
pins. 
For optimum 


high 
speed 
performance 
V + and V - 
should 
be decou· 


pled with 
a 0.01 I-'F ceramic 
disc 
in parallel 
with 
a 1 I-'F 


electrolytic 
capacitor. 


The two ground 
pins, analog 
and digital 
grounds, 
should 


be connected 
together 
as close to the device as possible, 


preferably 
with 
a ground 
plane underneath 
the device. 
If 


this 
is not 
possible, 
the grounds 
should 
be connected 


together 
locally 
with back·to·back 
diodes 
and hard·wired 


together 
off-board. 
If a ground 
reference 
offset 
is used, it 


must 
be low impedance 
compared 
to the ground 
sense 


resistance 
to avoid CMRR degradation. 


Care 
must 
be taken 
in the supply 
power·on 
sequence. 


The LHOO84 may 
suffer 
irreversible 
damage 
if the V+ 


supply 
is applied 
prior 
to the 
powering 
on of the 
V- 


supply. 
In most applications 
using dual tracking 
supplies 


and with 
the device 
supply 
pins 
adequately 
bypassed, 


this 
will 
not 
present 
a 
problem. 
If 
this 
cannot 
be 


guaranteed, 
a germanium 
or Schottky 
protection 
diode 


should 
be connected 
between 
the digital 
ground 
pin and 


the V - 
pin as shown 
in Figure 
5. 


15V 


The 
input 
signals 
should 
be connected 
as 
shown 
in 


Figure 
6. To minimize 
errors, 
Rs( +), 
Rs( -) 
and 
ReM 


should 
be kept as small 
as possible. 


The output 
connections 
are also shown 
in Figure 
6. The 


feedback 
leads 
should 
be 
kept 
short 
as 
should 
the 


ground 
sense 
in order 
to minimize 
lead resistance 
and 


parasitic 
capacitance. 


Special 
care must 
be taken 
when using 
external 
offset 


adjustment. 
Since the LH0084 is a 2-stage amplifier 
with 


each stage 
contributing 
offset 
errors, and the amplifier 


presumably 
is used at several different 
gains, it is impor- 
tant to realize that the offsets 
of both the 1st and the 2nd 


stages 
must be nulled to maintain 
zero offset 
referred to 


output 
(RTO) at all gain settings. 


In general, it is recommended 
that the input stage offset 


(VIOS>be adjusted 
with 
a potentiometer 
as shown 
in 


Figure 
7. The output 
stage 
offset 
(Voos) is ideally 
ad- 
justed 
at a subsequent 
gain stage (i.e. sample-and-hold 


or A-to-O converter), 
but if this is impractical, 
it may also 


be done as shown 
in Figure 
7. 


Recommended 
offset 
adjust 
procedure 
is as follows: 
In- 
itially 
set both pots to center positions 
and short both in- 


puts of the LH0084 to ground. 


a) Set the 
input 
stage 
gain 
to 1 (pull 
01 and 
00 
low). 


Measure 
the output 
voltage, VOUT1- 


b) Set the input 
stage 
gain to 10 (pull 
01 and 00 high). 


Measure the new output 
voltage, 
VOUT2- 


c) Calculate 
the portion 
of VOUT2 contributed 
by the out- 
put stage offset 
per the equation: 


1 
Voos =- (10· VOUT1- 
YOUTz) 


9 


d) While maintaining 
an input stage gain of 10, adjust 
the 
input offset 
voltage 
(V10S)potentiometer 
until the out- 


put voltage 
is equal to the voltage 
calculated 
in Equa- 


tion (4). 


e) Change 
the input 
back to a gain of 1 and adjust 
the 
output 
offset 
voltage 
(VooS> potentiometer 
until 
the 
output 
voltage 
is zero. 


+ 
+ 


VCM':'='" 
VREF~ 


~ 


INPUT 
OFFSET 


ADJUST 


OUTPUT 
15V 
OFFSET 


ADJUST 


lOOk 


An alternate 
offset 
adjust 
scheme 
is shown 
in Figure 
8. 
The offset 
should 
be rezeroed after each time the gain is 


changed 
or when the op amp integrator 
drift 
warrants 
a 


new zero pulse. An additional 
advantage 
of this 
adjust- 
ment technique 
is that it can also be used to cancel 
out 


offset 
voltage 
drift 
and common-mode 
voltage 
error con- 
tributions. 


External 
gain adjustment 
is generally 
discouraged 
since 


gain accuracy 
can be optimized 
for one gain setting 
only. 


If gain adjustment 
is required, however, it should 
be done 


at a subsequent 
gain stage. 


The digital 
inputs 
D1 and DOare referenced 
to the digital 


ground. The device 
interfaces 
directly 
to TTL and, with 


pull-down 
resistors, 
to CMOS. 


Interfacing 
with 
microprocessors 
will 
usually 
require 
a 


latch. A circuit 
using full 6-bit wide address 
decode 
and 


write strobe 
is shown 
in Figure 
9. 


The feedback 
resistors 
of the LH0084 can be connected 


directly 
at the load in order to eliminate 
errors due to lead 


resistance 
(Figure 
10t 
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lllCiy 
Utl 
included 
in the feedback 
loop for increased 
current 
drive 


capability 
as shown 
in Figure 
11. 
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such 
as output 
offset, 
Figure 
12, or current 
source 
output, 


Figure 
13. 


+ 
v~-=- 
-.1 


VOUT= AY'YIN + YREF 
iYOUTi"'OY 


AY'YIN 


IOUT=--- 
RSET 


IIOUTI"5 mA 
IIOUnRL+ RSETlI"'OY 


The LH0084 
is ideal 
for application 
in increased 
dynamic 
range 
A-to-D 
converters, 
test 
systems, 
process 
control, 


and 
multi-channel 
data 
acquisition 
systems. 
Figure 
14 
shows 
the 
device 
used 
in 
a 
typical 
data 
acquisition 


system. 


A software 
offset 
and 
gain 
error 
correction 
scheme 
is 
shown 
in Figure 
15. By first 
selecting 
a mUltiplexer 
input 


connected 
to 
analog 
ground, 
and 
then 
selecting 
a 
channel 
connected 
to 
a reference 
of 
known 
value, 
the 
oYerall 
system 
gain 
and offset 
errors 
can 
be calculated. 
For all subsequent 
readings, 
offset 
and gain 
corrections 
can 
be made 
mathematically 
by solving 
a simple 
first- 
order 
equation 
in software. 
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FIGURE 
14. Typical 
Data Acquisition 
System 
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Input 
Offset 
Voltage, 
V10S: The voltage 
which 
must 
be 
applied 
to the 
inputs 
to 
force 
the 
output 
of the 
input 
stage 
to OV. V10S can be calculated 
by measuring 
Vos 


(RTO) at 
input 
stage 
gains 
of 1 and 
10 and 
using 
the 
following 
equation: 


Vos I AV = 10 = Overall offset 
(RTO) for Av = 10 


Vos I AV = 1 = Overall 
offset 
(RTO) for Av = 1 


Input 
Offset 
Current, 
los: The difference 
in the currents 
into the 2 analog 
input terminals 
at OV. 


Input 
Bias Current, 
IB: The average 
of the currents 
into 


the 2 analog 
input terminals 
at OV. 


Input Resistance, 
R1N: Common-mode 
input resistance 
is 
the change 
in input voltage 
range divided 
by the change 
in input bias current 
with both analog 
inputs 
at the same 
voltage. 
Differential 
input 
resistance 
is the change 
in in- 
put voltage 
at one input terminal 
divided 
by the change in 


input current 
at the other input terminal 
which is kept still 
atOV. 


Input Voltage 
Range, V1N: The voltage 
range for which the 
device 
is operational. 


Common-Mode 
Rejection 
Ratio, CMRR: The ratio of the 
input common-mode 
voltage 
range to the change in input 
offset 
voltage 
over this range. 


Power 
Supply 
Rejection 
Ratio, 
PSRR: The ratio 
of the 
specified 
change 
in supply 
voltage 
to the change 
in input 
offset 
voltage 
over this range. 


Voltage 
Gain, ~: 
The ratio 
of output 
voltage 
change 
to 
the input voltage 
change 
producing 
it. 


Gain 
Error. The deviation 
in percent 
between 
the 
ideal 
voltage 
gain and the value obtained 
when the device 
is 


configured 
for that gain. 


Gain 
Non-Linearity: 
The 
deviation 
of 
the 
gain 
from 
a 


straight 
line drawn through 
the end-points 
expressed 
as 


a percent 
of full-scale 
(10V for operation 
with 
± 15V sup- 


ply). For testing 
purposes 
it is the difference 
between 


positive 
swing gain (OV to 10V) and average gain (-10V 
to 


10V) or between 
negative 
swing 
gain 
(OV to 
-10V) 
and 


average gain. 


Output 
Stage 
Offset 
Voltage, 
Voos: The voltage 
which 


mljst 
be applied 
to the input of the output 
stage for the 


output 
to be forced 
to OV. Voos 
can 
be calcu lated 
by 


measuring 
Vos (RTO) at input stage gains of 1 and 10 and 


applying 
the following 
equation: 


Voos =;(10' Vos I AV= 1 - Vos I AV= 10) 


Vos I AV= 1 = Overall offset 
(RTO) for Av = 1 


Vos I AV = 10 = Overall offset 
(RTO) for Av = 10 


Offset 
Voltage 
(Referred 
to Output), VOS(RTO):The output 


voltage 
when 
both 
inputs 
are connected 
to OV. Vos 
is 


composed 
of input offset 
voltage, 
V10S, and output 
offset 


voltage. 
Voos. 
and 
is a function 
of amplifier 
gain. The 


overall 
offset 
voltage 
is given by: 


Output 
Voltage Swing, Vo: The peak output 
voltage 
swing 
referenced 
to ground 
into specified 
load. 


Output 
Short-Circuit 
Current, 
10: The current 
supplied 
by 


the device with the output 
connected 
directly 
to ground. 


Output 
Resistance, 
ro: The 
ratio 
of 
change 
in output 
voltage 
to change 
in output 
current 
around 
zero output. 


Supply 
Voltage 
Range, Vs: The supply 
voltage 
range for 
which 
the device 
is operational. 


Supply 
Current, 
Is: The current 
required 
from the supply 


to operate 
the device with zero load and with the analog 


as well as the digital 
inputs 
at OV. 


Power 
Dissipation, 
Po: 
The 
power 
dissipated 
in 
the 


device with zero load and with the analog 
as well as the 
digital 
inputs 
at OV. 


Digital "1" Input Voltage, V1H: 
Minimum 
voltage 
required 


at the digital 
input to guarantee 
a high logic 
state. 


Digital "0" Input Voltage, V1L: Maximum 
voltage 
required 


at the digital 
input to guarantee 
a low logic state. 


Digital 
"1" Input Current, 
IIH: The current 
Into a digital 
in- 


put at specified 
logic 
level. 


Digital "0" Input Current, IlL: The current 
into a digital 
in- 


put at specified 
logic 
level. 


Average Input Offset 
Voltage 
Drift, AVlos/AT: The ratio of 


input 
offset 
voltage 
change 
from 
25·C 
to 
either 


temperature 
extreme 
divided 
by the temperature 
range. 


Average Output 
Offset 
Voltage 
Drift, AVoos/AT: The ratio 


of 
output 
offset 
voltage 
change 
from 
25·C 
to 
either 


temperature 
extreme 
divided 
by the temperature 
range. 


Average Gain Temperature 
Coefficient, 
AAv/AT: The ratio 


of 
change 
in 
gain 
from 
25·C 
to 
either 
temperature 


extreme 
divided 
by the temperature 
range. 


Small Signal Bandwidth, 
BW: The frequency 
at which the 


device 
gain changes 
from 
the low frequency 
gain 
by a 


specified 
amount. 


Power Bandwidth, 
PBW: Maximum 
frequency 
for which 
the 
output 
swing 
is a large 
signal 
sinewave 
without 


noticeable 
distortion. 


Slew 
Rate, SR: The internally 
limited 
rate of change 
in 
output 
voltage 
with 
a large ampiitude 
step function 
ap- 
plied at the input. 


Settling 
Time, ts: The time between 
the initiation 
of an in- 
put step function 
and the time when the output 
voltage 


has settled 
to within 
a specified 
error band of the final 
output 
voltage. 


Gain SWitching 
Time: The time between the initiation 
of a 


gain 
logic 
change 
and 
the 
time 
when 
the 
final 
gain 


switches 
are closed. 
It includes 
overdrive 
recovery 
time, 


but not settling 
to final value. 


Equivalent 
Input 
Noise 
Voltage, 
EN: The 
rms 
or 
peak 


noise voltage 
referred 
to the input (RTI) over a specified 


frequency 
band. 


Equivalent 
Input Noise Current, IN: The rms or peak noise 


current 
referred 
to the 
input 
(RTI) over a specified 
fre- 


quency 
band. 
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Quad 


LM339 
Quitd 


LM139AQuad 


LM239AQuad 


LM339AQuad 


LMl60 


LM260 


LM360 


LM161 
(LMS291 


LM261 


LM361 
(LMS29CI 


LM193 


LM293 


LM393 


LMI93A 


LM293A 


LM39JA 


LM710 


LM710C 


LM711 
Dual 


LM711CDuai 


LM1S14 
Dual 


LM1414 Dual 


LM2901 
Quad 


SupplV 
Volt."" 
T,. 
(V( 


InpulBIU 


Curr.nt 
12S"C) 


M •• 


(J.lA) 


20 


20 


25 


0.05 


0_05 


0.15 


01 


01 


01 


01 


0.25 


0.25 


05 


0.5 


InputOlf5et 


Curr.nt 
12S 


QC) 
M •• 
(J.lA) 


3 


InpulOfhet 


Voltage 
(2S"CI 
M •• 
ImV) 


Respon5e 


Timet 
T,. 


(n51 


Quad 
COl1lparator 
dCSIgned 
fOI 
Single 


supply 
operation; 
,nput 
common 
mo(le 


range 
,"cludesglound 


Dual 
comparator 
designed 
for 
songle 
supply 


operation; 
onput 
common-mode 
rllnge 


Includes 
ground 


Quad 
comp.rator 
de5lgned 
lor 
s,ngle 
supply 


operltion; 
,"put 
common 
mode 
range 
oncludes 


ground 


01,1.1 comparator 
desIgned 
lor 
single 
supply 


operltion; 
input 
common 
mode 
range 


locludesground 


T05 


To 5 


And 
GND 


And 
GND 


I 


To' 18 
) 


Or 
From 


To 36 


And 
GND 


1 


To'" 
) 


Or 
From 


To 
36 


And Gnd 


Vi _ 12 


or- 
6 


V' 
12 


V- - 
6 


Vi -14 


0_000025 


0.סס OO25 


0_סס OO75 


004 


004 


004 


0.04 


006 


0_06 


0.075 


0,075 


0.2 


0.025 


0.050 


0050 


0.025 


OOSO 


0,050 


Note 1: Dual version of device. 
tResponse time is specified for 100 mV step input with S mV overdrive. 


*Military: -5SoC to +125°C; Industrial: -25°C to +85°C; Commercial: O°Cto +70°C; Automotive: -40°C to +85°C 


TOS 


TO-S 


TO·5 


TO-S 


TO-S 


TO-5 


TO-5 
DIP 


TO-5 
DIP 
FP 


To-5 
DIP 


TO-5 
DIP 
F,P 


T05 
DIP 


TO·5DIPF.P 


TO·5 
DIP 


Ta·5 
DIP 


T05 
DIP 


01' 


T05 
DIP 


TO,S DIP 


T05 DIP 


T05 
DIP 


TD5 
DIP 


To-5 
DIP 


T05 


TO,S 


TO·5. DIP 


TO·5 


TO·5 


TO 
5. DIP 


TO,S 


T05 
DIP 


T05 


TO·5DIP 


01' 


~National 
~ 
Semiconductor 


Input 
Bias Current: 
The 
average 
of 
the 
two 
input 


currents. 


Input Offset Current: 
The absolute value of the differ- 
ence 
between 
the 
two 
input 
currents 
for which the 
output 
will be driven higher than or lower than specified 


voltages. 


Voltage Comparators 


Response Time: 
The interval between the application 
of 


an input step function 
and the time when the output 


crosses the logic threshold 
voltage. The input step drives 


the 
comparator 
from 
some 
initial, 
saturated 
input 


voltage to an input level just barely in excess of that 
required 
to 
bring 
the output 
from saturation 
to the 


logic threshold 
voltage. This excess is referred to as the 


voltage overdrive. 


Saturation 
Voltage: 
The low-output 
voltage level with 
the input drive equal to or greater than a specified value. 


Strobe Current: 
The current 
out of the strobe terminal 
when it is at the zero logic level. 


Strobed 
Output 
Level: The dc output 
voltage, 
inde- 
pendent 
of input 
conditions, 
with the voltage on the 


strobe 
term inal equal 
to 
or 
less than 
the 
specified 


low state. 


Strobe "ON" Voltage: 
The maximum voltage on either 


strobe 
terminal 
required 
to 
force 
the output 
to the 


specified 
high state 
independent 
of the input voltage. 


Strobe 
"OFF" 
Voltage: 
The minimum 
voltage on the 


strobe 
terminal 
that 
will guarantee 
that 
it does 
not 


interfere with the operation of the comparator_ 


Strobe 
Release Time: 
The time required for the output 


to rise to the 
logic threshold 
voltage after the strobe 


terminal 
has been driven from 
zero to the one logic 
level. 


Supply Current: 
The current 
required from the positive 


or negative supply to operate 
the comparator 
with no 


output 
load. The power will vary with input voltage, but 


is specified as a maximum for the entire range of input 
voltage conditions. 


Voltage Gain: The ratio of the change in output voltage 
to the change 
in voltage between the input terminals 


producing it. 


Input Offset Voltage: 
The absolute value of the voltage 
between the input terminals required to make the output 
voltage 
greater 
than 
or 
less than 
specified 
voltages. 


Input 
Voltage 
Range: 
The 
range of voltage 
on 
the 
input terminals 
(common-model 
over which the offset 


specifications apply. 


Logic Threshold 
Voltage: 
The 
voltage 
at the output 
of the comparator 
at which the loading logic circuitry 


changes its digital state. 


Negative Output 
Level: The negative dc output 
voltage 


with the comparator 
saturated 
by a differential 
input 


equal to or greater than a specified voltage. 


Output 
Leakage Current: 
The current 
into the output 


terminal 
with the output 
voltage within a given range 
and the input drive equal to or greater than a given value. 


Output 
Resistance: 
The resistance seen looking into the 


output 
terminal 
with the dc output 
level at the logic 


threshold voltage. 


Output 
Sink Current: 
The maximum 
negative current 
that can be delivered by the comparator. 


Positive 
Output 
Level: The high output 
voltage level 


with a given load and the input drive equal to or greater 
than a specified value. 


Power 
Consumption: 
The 
power 
required 
to operate 


the comparator 
with 
no output 
load. The power will 
vary with signal level, but 
is specified as a maximum 
for the entire range of input signal conditions. 


~National 
~ 
Semiconductor 
Voltage Comparators 


LF111/LF211/LF311Voltage Comparators 


General 
Description 


The LF111, 
LF211 
and LF311 
are FET input voltage 
comparators that virtually 
eliminate input current errors. 


Designed to 
operate 
over a 5.QV to 
±15V 
range the 
LF111 can be used in the most critical 
applications. 


Further, 
the LF111 can be used in place of the LM111 
eliminating 
errors due to input currents. See the "appli- 
cation hints" of the LM311 for application 
help. 


The extremely 
low input currents of the LF 111 allows 
the use of a simple comparator 
in applications 
usually 
requiring 
input 
current 
buffering. 
Leakage testing, long 
time 
delay 
circuits, 
charge 
measurements, 
and 
high 


source impedance voltage comparisons are easily done. 


• 
Eliminates input current errors 


• 
Interchangeable with LM111 


• 
No need for input current buffering 


Order Number 
LFlllH, 
LF211H 
or LF311H 
See NS Package 
H08C 


·'"ClUSfSIYPlclicornmotlmode 
Sltw horn 1 DV/~ to lIVI4 


Increasing 
I"put 


Stage Current- 


36V 


50V 


30V 
±30V 
±15V 


500 mW 
10 seconds 


36V 


40V 


30V 
±30V 
±15V 


500 mW 


10 seconds 


Total Supply Voltage (VS4) 
Output 
to Negative Supply Voltage (V74) 


Ground to Negative Supply Voltage (V 14) 
Differential 
Input Voltage 


Input Voltage (Note 1) 


Power Dissipation 
(Note 2) 


Output 
Short Circuit 
Duration 
Operating Temperature 
Range 


LFlll 
LF211 
LF311 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 10 seconds) 


-55°C 
to +125°C 


-25° C to +85° C 


--B5°C to +150°C 


300°C 


O°C to +70°C 


--B5°C to +150°C 


300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 


Input Offset Voltage (Note 4) 
T A = 25°C, Rs 
0.7 


Input Offset Current (Note 4) 
TA= 
25°C, VCM=0 
(Note 6) 
5.0 


Input Bias Current 
T A = 25°C, VCM 
= 0 (Note 6) 
20 


Voltage Gain 
TA 
= 25°C 
40 
200 


Response Time (Note 5) 
TA=25°C 
200 


Saturation 
Voltage 
V,N s:: -5.0 
mV, lOUT = 50 mA, T A = 25°C 
0.75 


Strobe On Current 
TA=25°C 
3.0 


Output 
Leakage Current 
V,N 
~ 5.0 mV, VOUT = 35V, T A = 25°C 
0.2 


Input Offset Voltage (Note 4) 


Input Offset Current (Note 4) 
Vs = ±15V, VCM 
= 0 (Note 6) 
2.0 


Input Bias Current 
Vs = ±15V, VCM 
= 0 (Note 6) 
5.0 


Input Voltage Range 
-13.5 
±14 


Saturation 
Voltage 
V+ ~ 4.5V, V- =0 
0.23 
V,N s:: -6.0 
mV, ISINK s:: 8.0 mA 


Output 
Leakage Current 
V,N 
~ 
5.0 mV, VOUT = 35V 
0.1 


Positive Supply Current 
TA=25°C 
5.1 


Negative Supply Current 
TA=25°C 
4.1 


pA 


pA 


V/mV 


Note 
1: This rating applies for ±15V 
supplies. The positive input voltage limit 
is 30V 
above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V 
below the positive supply, whichever is less. 


Note 2: 
The maximum 
junction 
temperature 
of the LF111 
is +150°C, 
the LF211 
is +110°C 
and the LF311 
is +8SoC. 
For operating at elevated 


temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of +150° C/W. junction 
to ambient, or +450 CfW, junction 


to case. 


Note 3: 
These specifications apply for Vs = ± 15V, 
and the Ground pin at ground, and -55° C :S. T A :S. +125° C for the LFlll, 
unless otherwise 


stated. With the LF211, 
however, all temperature 
specifications are limited 
to -25°C:S. 
TA:S. +85°C 
and for the LF311 
O°C:s. TA:S. +70°C. The 


offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5.0V supply up to ± 15V supplies. 


Note 
4: 
The offset voltages and offset currents given are the maximum 
values required to drive the output 
within 
a volt of either supply with a 
1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 


Note s: ,he 
response time specliied \see definitions) 
;s for a 100 mV input step with S.O mV overdrive. 


Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase-see 
typical performance 
curves, 


Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 


PARAMETER 
CONDITIONS 
IVIII\I 
I Jr 
IVIMA 
V''''llv 


Input Offset Voltage (Note 4) 
TA = 25° C, Rs <:::: 50k 
2.0 
10 
mV 


Input Offset Current (Note 4) 
TA = 25°C, VCM 
= 0 (Note 6) 
5.0 
75 
pA 


Input Bias Current 
T A = 25°C, VCM 
= 0 (Note 6) 
25 
150 
pA 


Voltage Gain 
TA=25°C 
200 
V/mV 


Response Time (Note 5) 
T A = 25°C 
200 
ns 


Saturation Voltage 
V!N <:::: -10 mV, lOUT = 50 mA, TA = 25°C 
0.75 
1.5 
V 


Strobe On Current 
T A = 25°C 
3.0 
mA 


Output 
Leakage Current 
V'N 2 10 mV, VOUT = 35V, T A 
= 25°C 
02 
10 
nA 


Input Offset Voltage (Note 4) 
Rs <:::: 50k 
15 
mV 


Input Offset Current (Note 41 
Vs = ±15V, VCM 
= 0 (Note 6) 
1.0 
nA 


Input Bias Current 
Vs = ±15V, VCM 
= 0 (Note 6) 
30 
nA 


Input Voltage Range 
+14 
V 


-13.5 
V 


Saturation Voltage 
V+24.5V, 
V- = 0 
V,N <:::: -10 mV, IS1NK<:::: 80 mA 
023 
0.4 
V 


Positive Supply Current 
T A = 25°C 
5.1 
75 
mA 


Negative Supply Current 
T A = 25°C 
4.1 
5.0 
mA 


Note 
1: This rating 
applies for ±15V 
supplies. The positive 
input 
voltage 
limit 
is 30V 
above the negative supply. 
The negative input voltage limit 
is equal to the negative supply voltage or 30V 
below 
the positive supply. 
whichever 
is less. 


Note 2: 
The maximum junction temperature of the LFl 11 is +150 


QC. 
the LF211 
is +110°C 
and the LF311 is +8SoC. 
For operating at elevated 
temperatures, 
devices in the TO-5 
package must be derated 
based on a thermal 
resistance of +150°C/W, 
junction 
to ambient, 
or +4SoCIW, 
junction 
to case. 


Note 
3: These specifications 
apply 
for Vs = 
± 15V 
and -55 
C :s T A :S +125 
C for the LF 111, unless otherwise 
stated. With 
the LF211, 
however, 


all temperature 
specifications 
are limited 
to 
25 
C :S T A :s +85 
C and for the LF311 
0 C ~ T A :s +70 
C. The offset voltage, offset current 
and bias 
current 
specifications 
apply for any supply voltage from a stngle 5.0 mV supply up to ; 15V supplies. 


Note 
4: 
The offset 
voltages and offset 
currents 
given are the maximum 
values required 
to drive 
the output 
within 
a volt of either 
supply with a 


1.0 mA load. Thus, these parameters 
define an error band and take into account 
the worst case effects of voltage gain and input 
impedance. 


Note 5: The response time specified 
(see definitions) 
is for a 100 mV 
input step with 5.0 mV overdrive. 


Note 6: 
For input 
voltages greater 
than 
15V 
above the negative supply 
the bias and offset 
currents will Increase-see 
typical 
performance 
curves. 


Note 7: 
Do not short the strobe pin to ground; it should be current 
driven at 3 to 5 mA. 


Typical Performance 


Input 
Bias Current 
Input Bias Current 
vs Common Mode 
V$ Temperature 
Transfer Function 
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TEMPERATURE 
("C) 


Output 
Limiting 
Characteristics 
Supply Current 
Leakage Currents 
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OUTPUT VOL TAGE IVl 
SUPPl Y VOLTAGE 
(VI 
TEMPERATURE 
rCI 


S.OmV----'- 
SOY 


INPUt 


S.O•••VtoSIV 


*Adjutt 
for symmet,ical 
square 
wave time when VI"'· 
5.0 mV. 


tMinimumtlpacitlrM:e2DpF. 


Ma~lmum frequency 
50 kHz. 


F,equencYllnge: 
Input - 5.0kHzto50kHz 
Output-10kHz 
to 100kHz 


'Viluusllown 
are 
lor 
a 
o to 
JOV 
logic 
sWing 
and 


a 15V 
lllieilloid. 


fMlIY 
be lidded 
to control 


ipeedlindreduceiUicept,b,lily 


tono,seip,kes 


LH2111/LH2211/LH2311 Dual Voltage Comparator 
General Description 


The 
LH2111 
series 
of dual voltage 
comparators 
are 
two 
LM 111 
type 
comparators 
in a single 
hermetic 


package. 
Featuring 
all the same 
performance 
char· 


acteristics 
of 
the 
single, 
these 
duals 
offer 
in addi· 
tion 
closer 
thermal 
tracking, 
lower 
weight, 
reduced 
insertion 
cost 
and 
smaller 
size 
than 
two 
singles. 


For 
additional 
information 
see 
the 
LM111 
data 


sheet 
and National's 
Linear 
Application 
Handbook. 


fied 
for 
operation 
over 
the 
O°C to 70°C 
tempera· 


ture range. 


±15V 
to a 
single 
+5V 


6nA 


lOIN 


±30V 


50 mA, 
50V 


The 
LH2111 
is specified 
for 
operation 
over 
the 
_55°C 
to +125°C 
military 
temperature 
range. 
The 


LH2211 
is specified 
for operation 
over 
the _25°C 
to +85°C 
temperature 
range. 
The 
LH2311 
is speci· 


• 
High sensitiv ity 


• 
Wide differential 
input 
range 


• 
High output 
drive 


Order 
Number 
LH2111 0 or 
LH2211D 
or LH2311 0 
See Package 
D16C 
LH2111F 
or LH2211F 
or LH2311F, 


See Package 
F16B 
LH2111J 
or LH2211J 
or LH2311J, 
See Package 
J16A 


tMIVbelddedlocontfol 


sprtdlndrtduuwKrpllbllity 


10 no,5ot5fllkrs 


Total Supply 
Voltage 
(V+ - V-J 
Output 
to Negative Supply 
Voltage lVOUT 
- V-I 
Ground 
to Negative Supply 
Voltage (GND - V-I 
DIfferential 
Input Voltage 
Input Voltage (Note 11 
Power DISSipation (Note 2) 


36V 
50V 


30V 


!30V 
±lSV 
500mW 


Output 
Short Circuit Duration 
Operating 
Temperature 
Range 
LH2111 
lH2211 
lH2311 


10 see 
-SSoC to 12SoC 
-2S"C 
to 85°C 
oOe to 70°C 
_65°C to 150°C 
3OO"C 


Input Offset Voltage (Note 4) 


Input Offset Current 
(Note 4) 


Input Bias Current 


Voltage Gain 


Response 
Time (Note 51 


Saturation 
Voltage 


Strobe On Current 


Output 
Leakage Current 


Input Offset Voltage 
(Note 4) 


Input Offset Current 
(Note 41 


Input Bias Current 


Input Voltage Range 


Saturation 
Voltage 


POSitIVeSupply 
Current 


Negative Supply Current 


TA 
= 25"C, As':; 50k 


TA'" 
25°C 


TA 
'" 25°C 


T A = 25°C 


TA=2SoC 


VIN ~ -5 mV, 
lOUT'" 
50 mA 


TA=2Soc 


T A'" 
25°C 


VIN ~ 5 mV, VOUT 
'" 3SV 
TA = 2SoC 


V· ;:o,4.5V, V-=O 


VIN ~ -5 mV, ISINK~ 8 mA 


T A 
'" 25°C 


TA 
'" 2SoC 


LIMITS 
UNITS 


lH2111 
lH2211 
LH2311 


3.0 
3.0 
7,5 
mV Max 


10 
10 
50 
nAMax 


100 
100 
250 
nA Max 


200 
200 
200 
V/mV Typ 


200 
200 
200 
ns Typ 


1.5 
1.5 
1.5 
V Max 


3,0 
3,0 
3.0 
mA Typ 


10 
10 
50 
nAMax 


4.0 
4.0 
10 
mV Max 


20 
20 
70 
nA Max 


150 
150 
300 
nA Max 


±14 
±14 
±14 
V Typ 


0.4 
0.4 
0.4 
V Max 


6.0 
6,0 
7.5 
mAMax 


5.0 
5.0 
5.0 
mA Max 


Note 1: This rating applies for 
±1SV supplies. The positive input voltage limit 
IS 30V above the negative supply. The negative 
input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever 
is less. 


Note 2: 
The maximum 
junction 
temperature 
is 150°C. For operating at elevated temperatures, devices in the flat package, the 
derating 
is based on a thermal 
resistance of 18SoC/W when mounted 
on a 1/16-inch·thick 
epoxy glass board with 
O.03-inch- 
wide, 2 ounce copper conductor. 
The thermal resistance of the dual-in-line 
package is l00°C/W, 
junction 
to ambient. 


Not. 
3: 
These 
specifications 
apply 
for 
Vs 
= 
! 15V and 
-55"C 
~ T A ~ 
125"C 
for 
the 
LH2111, 
-25"C 
.:; T A':; 
85"C for the 
LH2211. 
and O°C ~ TA ~ 70°C for the LH2311. 
unless otherwise 
stated. The offset voltage, offset current and bias current 
specifications 
apply 
for 
any supply 
voltage from 
a Single 5V supply up to 
± 15V supplies. For the LH2311. 
V IN 
=! 10 mV. 


Note 4: 
The offset voltages and offset 
currents given are the maximum 
values required 
to drive the output 
within 
a volt 
of 
either supply with 
almA 
load. Thus, these parameters define an error band and take IOta account the worst case effects of 
voltage gain and input 
impedance. 


Note 5: 
The response time &pecified is for a 100 mV input step with 
5 mV overdrtve. 


Voltage 
Comparators 
~National 
~ 
Semiconductor 


LM106/LM206/LM306 
Voltage 
Comparator 


General Description 


The 
LM 106 
series 
are 
high-speed 
voltage 
com- 
parators 
designed 
to 
accurately 
detect 
low-level 


analog 
signals 
and 
drive 
a digital 
load. 
They 
are 


equivalent 
to 
an 
LM710, 
combined 
with 
a two 


input 
NAND 
gate 
and 
an 
output 
buffer. 
The 


circuits 
can 
drive 
RTL, 
DTL 
or 
TTL 
integrated 


circuits 
directly. 
Furthermore, 
their 
outputs 
can 


switch 
voltages 
up 
to 
24V 
at 
currents 
as 
high 
as 
100mA. 


• 
Improved 
accuracy 
• 
Fan-out 
of 
10 with 
DTL 
or 
TTL 


• 
Added 
logic 
or 
strobe 
capability 
• 
Useful 
as a relay 
or 
lamp 
driver 


• 
Plug-in 
replacement 
for 
the 
LM710 


• 
40 
ns maximum 
response 
time 


The 
devices 
have 
short-circuit 
protection 
which 
limits 
the 
inrush 
current 
when 
it is used 
to drive 


incandescent 
lamps, 
in 
addition 
to 
preventing 


damage 
from 
accidental 
shorts 
to 
the 
positive 
supply. 
The 
speed 
is 
equivalent 
to 
that 
of 
an 


LM710. 
However, 
they 
are even 
faster 
where 
buf- 


fers and additional 
logic circuitry 
can be eliminated 


by 
the 
increased 
flexibility 
of 
the 
LM106 
series. 


They 
can 
also 
be 
operated 
from 
any 
negative 
supply 
voltage 
between 
-3V 
and 
-12V 
with 
little 
effect 
on performance. 


The 
LM 106 
is specified 
for 
operation 
over 
the 


-SSoC 
to +12SoC 
military 
temperature 
range. 
The 


LM206 
is specified 
for 
operation 
over 
the 
-2SoC 
to +BSoC 
temperature 
range. 
The 
LM306 
is speci- 
fied 
for 
operation 
over 
O°C to +70°C 
temperature 


range. 


Schematic and Connecti~~ Diagrams * * 
, 


Output 
Voltage 
24V 


Output 
to Negative 
Supply 
Voltage 
30V 


Differential 
Input 
Voltage 
±5V 


Input 
Voltage 
!7V 


Input 
Offset 
Voltage 


I nput 
Offset 
Current 


(Note 3) 


(Note 3) 


RL = 390n to 5V 


CL = 15 pF, (Note 4) 


VIN ~ -5 mV, lOUT = 100 mA 


VIN ~ -7 mV, lOUT = 100 mA 


VIN ~ 5 mV, 8V ~ VOUT ~ 24V 


VIN ~ 7 mV, 8V ~ VOUT ~ 24V 


Average 
Temperi.ture 
Coefficient 
of 


Input 
Offset 
Voltage 


Input 
Offset 
Current 


Strobe 
"ON" 
Voltage 


Strobe 
"OFF" 
Voltage 


TL ~ TA ~ 25°C, (Note 3) 


25°C~TA~TH 


25°C~TA~TH 


TL~TA~25°C 


TL ~ TA ~ 25°C 


25°C ~ TA ~ TH 


VIN ~-5 
mV, lOUT = 50 mA 


VIN 
~ -8 
mV 
For 
LM306 


VIN $-5 
mV, lOUT = 16 mA 


VIN $ -8 mV Fa, LM306 


VIN ~ 5 mV, lOUT = -400pA 


VIN ~ 8 mV Fa, LM306 


VIN ~ 5 mV, 8V ~ VOUT ~ 24V 


VIN 
~ 
8 mV 
For 
LM306 


TL~TA~25°C 


25°C < TA ~ TH 


VSTROBE = O.4V 


ISINK ~ 16 mA 


VIN 
""-5 
mV 


VIN = -8 mV Fa' LM306 


Operating 
Temperature 
Range 


LM106 
LM206 
LM306 


Storage 
Temperature 
Range 


Lead 
Temperature 
(Soldering, 
10 seconds) 


LM106/LM206 


TYP 
MAX 


LM306 


TYP 


TMIN 
TMAX 


-55°C to +12SoC 


-25°C to +8SoC 


O°C to +70°C 


-65°C 
to +150°C 
300°C 


Note 1: 
The 
maximum 
junction 
temperature 
of LM106 
is 150°C, 
LM206 
is 110°C, 
LM306 
is 85°C. 
For operating at elevated temperatures, 


devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, 
junction to ambient, or 4SoC/W, junction 
to case. 


Note 2: 
These specifications apply for -3V 
2: V- 
2: -12V, 
V+ = 12V and TA = 2SoC unless otherwise specified. All currents into device pins are 
considered positive. 


Note 3: 
The offset voltages and offset currents given are the maximum 
values required to drive the output down to O.5V Of up to 4.4V 
<O.5V Of 
up to 4.8V 
for the LM306l. 
Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain, 
specified supply voltage variations, and common mode voltage variations. 


Note 4: 
The response time specified (see definitions) 
is for a 100 mV input step with 5 mV overdrive. 


Note 5: 
All currents into device pins are considered positive. 
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2 , 
0 -. 
-2 
-3 
-4 
-5 
-75 
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25 
50 
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'DO '25 


INPUT VOLTAGE 
(mV) 
INPUT VOLTAGE 
(mV) 
TEMPERATURE 
I C) 


Saturation 
Voltage 
Positive 
Output 
Level 
Short 
Circuit 
Output 
Current 


1.2 


I 
J 
I 
7 
04 
;;;::- 
Il =100mA 
I 
..•...•. 
V+" 
12V 
~ 
• 
6 
- 
/" 
"'- 


V-" 
-6V 


I 
V·" 
12V 
- 
I 
~ 
\~ --- 
~ 
0.3 
•...... 
V1N 
"-5 
mV 
'" 
0.8 
3V~V-~-12V 
0- 


~ 
I I. 
VIN" -5 mV 
'" 
5 
z 
::::- 


~ 
- 
~ 
•..•.... 


> 
Il 
= 50 mA 
-- 
~ 
z 
0.6 
I 
4 


I, ;:;'O"A 


~ 
0.2 
0 
u 


>= 
1,1"'6~A 


0- 
0- 


~ 


0.4 - 
~ 
~ 


0- 
J 
0- 
~ 
~ 
0.1 
~ 


0 
V+" 
12V 
0 


0.2 - 
IL" 
OmA 
2 
-3V::: v- ~-12V 


VIN" 
5 mV 
0 
, 
0 


-75 
-50 
-25 
0 
25 
50 
75 
100125 
-75 
-50 
-25 
0 
25 
50 
75 
100 125 
-15 -50 -25 
0 
25 
50 
75 
100125150 


TEMPERATURE 
( C) 
TEMPERATURE 
( C) 
JUNCTION 
TEMPERATURE 
( C) 


Response 
Time 
For 
Response 
Time 
For 


Input Current 
Various 
Input 
Overdrives 
Various 
Input 
Overdrives 
~ 
~ 
40 


Hils 
vt··, 


TTTJI 
n Tn 
'" 
'" 
30 - 
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~ 


0- 
3 -rT 


E 
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TEMPERATURE 
1°C) 
TIME 
(ns) 
TIME 
(n51 


Positive 
Supply 
Current 
Negative Supply Current 
Power 
Consumption 
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SUPPl 
Y VOLTAGE 
IV) 
NEGATIVE 
SUPPl 
Y VOL TAGE 
(V) 
TEMPERATURE 
I Cl 


~National 
~ 
Semiconductor 
LM111/LM211 Voltage Comparator t 


General 
Description 


The LM111 and LM211 are voltage comparators 
that have input 
currents nearly a thousand times 
lower 
than 
devices like the 
LM106 
or 
LM710. 
They 
are also designed to 
operate over a wider 
range of supply voltages: from standard ±15V op 
amp supplies down to the single 5V supply used 
for Ie logic. Their output 
is compatible with 
RTL, 
DTL 
and TTL 
as well as MaS circuits, 
Further, 
they can drive lamps or relays, switching voltages 
up 
to 
50V 
at currents 
as high as 50 mA. 
Out- 


standing characteristics include: 


• 
Input 
current: 
150 nA max. over temperature 


• 
Offset current: 20 nA max. over temperature 


tSee application 
hints LM311 


Voltage Comparators 


• 
Differential 
input voltage range: ±30V 


• 
Power consumption: 
135 mW at ±15V 


Both the inputs and the outputs of the LM 111 or 
the LM211 can be isolated from 
system ground, 
and the output 
can drive loads referred to ground, 


the positive supply or the negative supply. Offset 
balancing and strobe capability 
are provided 
and 
outputs can be wire OR'ed. Although 
slower than 
the LM106 
and LM710 
(200 ns response time vs 
40 ns) the 
devices are also much 
less prone 
to 
spurious oscillations. 
The LM 111 has the same pin 
configuration 
as the LM106 and LM710. 


The LM211 is identical to the LM 111, except that 
its performance is specified over a -25°e 
to 85°e 
temperature range instead of -55°e 
to 125°e. 


"Absorlls 
inductive 
kickback 
ofrelllyandprotectslClrom 
severe voltage transients 
on 
V++1ine. 


**Note: 
Pin connections 
shown 
on schematic 
diagram 


and typical 
applications 
are for TO·5 
package. 


Total Supply Voltage (VB4) 
Output 
to Negative Supply Voltage (V?4) 
Ground to Negative Supply Voltage (V 14) 
Differential 
Input Voltage 
Input Voltage (Note 1) 
Power Dissipation 
(Note 2) 
Output 
Short Circuit 
Duration 
Operating Temperature 
Range LM 111 


LM211 


Storage Temperature 
Range 
Lead Temperature 
(soldering, 
10 see) 
Voltage at Strobe Pin 


36V 
50V 
30V 
±30V 
±15V 
500 mW 


10 see 


_55°C to 125°C 


_25°C to 85°C 
_65°C to 150°C 
300°C 


V+-5V 


Input Offset Voltage (Note 4) 


Input Offset Current (Note 4) 


Voltage Gain 


ResponseTime INote 5) 


Input Offset Voltage (Note 4) 


Input Offset Current (Note 4) 


CONDITIONS 


T A = 25°C, Rs ~ 50k 


T A = 25°C 


T A = 25°C 


T A = 25°C 


T A = 25°C 


V,N ~ -5 
mY, lOUT = 50 mA 


TA = 25°C 


T A = 25°C 


V,N ~ 5 mY, VOUT = 35V 


T A = 25°C, ISTROBE= 3 mA 


V+ = 15V, V- 
= -15V, 
Pin 7 


Pull-Up May Go To 5V 


V+~4.5V,V-=0 


V'N ~ -6 
mY, ISINK ~ 8 mA 


V'N ~ 5 mY, VOUT = 35V 


T A = 25°C 


T A = 25°C 


TYP 


0.7 


4.0 


60 


200 


200 


0.75 


MAX 


3.0 


10 


100 


4.0 


20 


150 


13.0 


UNITS 


mV 


nA 


nA 


V/mV 


ns 


V 


mA - 
nA 


mV 


nA 


nA 


V 


V 


IlA 


mA 


mA 


Note 
1: 
This 
rating 
applies for 
±15V 
supplies. 
The positive 
input 
voltage 
limit 
is 30V 
above the negative supply. 
The negative 
input voltage limit 
is equal to the negative supply voltage or 30V 
below the positive supply. whichever 
is less. 


Note 
2: 
The 
maximum 
junction 
temperature 
of the 
LM111 
is 150GC, 
while 
that 
of the 
LM211 
is 11 aOc. 
For operating 
at ele- 
vated 
temperatures, 
devices 
in the 
TO-5 
package 
must 
be derated 
based 
on a thermal 
resistance 
of 150°C/W. 
junction 
to ambient, 
or 4SoC/W, junction 
to case. The thermal 
resistance of the dual-in-line 
package is 1OO°C/W, junction 
to ambient. 


Note 
3: 
These 
specifications 
apply 
for 
Vs 
= ±1SV 
and 
Ground 
pin at ground, 
and -SSoC 
$. TA 
$. +125°C, 
unless otherwise 


stated. 
With 
the 
LM211. 
however, 
all temperature 
specifications 
are limited 
to -2SoC 
.$. T A$. 
+8SoC. The offset voltage, offset 
current 
and bias current 
specifications 
apply for any supply voltage from 
a single SV supply up to ±1SV 
supplies. 


Note 
4: 
The offset 
voltages and offset currents given are the maximum 
values required 
to drive the output 
within 
a volt of either 
supply 
with 
a 1 mA load. Thus, these parameters 
define an error band and take into account 
the worst-case effects of voltage gain 
and input 
impedance. 


Note 5: 
The response time specified 
(see definitions) 
is for a 100 mV input step with 
5 mV overdrive. 


Note 6: 
Do not short the strobe pin to ground; 
it should be current 
driven at 3 to 5 mA. 
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Input Characteristics 
Common Mode Limits 
Transfer Function 
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DIFFERENTIAL 
INPUT 
VOL lACE 
(V) 
TEMPERATURE 
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QIFFERENTIAllNPUT 
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Response Time for Various 
Response Time for Various 


2 
Input Overdrives 
2 
Input Overdrives 
Output 
Saturation 
Voltage 
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LM119/LM219/LM319 
High Speed Dual Comparator 


General 
Description 


The 
LM119 
series are precision 
high speed dual 


comparators 
fabricated 
on 
a single 
monolithic 


chip. 
They 
are designed to 
operate over a wide 
range of supply voltages down to a single 5V logic 
supply 
and 
ground. 
Further, 
they 
have higher 


gain and lower 
input 
currents 
than 
devices like 
the 
LM710. 
The 
uncommitted 
collector 
of 
the 
output 
stage makes the LM 119 compatible 
with 


RTL, 
DTL 
and TTL 
as well as capable of driving 
lamps and relays at currents 
up to 25 mA. Out· 


standing features include: 


• 
Two independent comparators 


• 
Operates from a single 5V supply 


• 
Typically 
80 ns response time at ±15V 


• 
Minimum 
fan·out of 2 each side 


• 
Maximum 
input current of 1 IlA over tempera- 
ture 


• 
Inputs and outputs can be isolated from system 
ground 


• 
High common mode slew rate 


Although 
designed primarily 
for 
applications 
re- 
quiring 
operation 
from 
digital 
logic supplies, the 


LM119 series are fully specified for power supplies 
up to ±15V. 
It features faster response than the 


LM111 at the expense of higher power dissipation. 
However, 
the high speed, wide operating 
voltage 


range and low 
package count 
make the 
LM119 


much 
more 
versatile than 
older 
devices like the 


LM711. 


The 
LM119 
is specified from 
-55°C 
to +125°C, 
the LM219 is specified from -25°C 
to +85°C, and 
the 
LM319 
is specified 
from 
O°C to 
+70°C. 
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Order Number LMl19J, 
LM219J 
or LM319J 
See NS Package J14A 
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Order Number LM119H, 
LM219H 
or LM319H 
See 
NS Package 
H 1OC 


Gro~ndto Ne9ativeS~~PI~VOltage 
Ground to PositiveSupply Voltage 
Differential Input Voltage 
Input Voltage(Note 1) 


OperatingTemperatureRangeLM119 


LM219 
StorageTemperatureRange 
LeadTemperature(Solder-ing,10see) 


-55"'C 
to 12S"'C 
-2SoC 
to 8SoC 
_65°C to lSOoC 
300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage (Note 4) 
T A ° 25°C, Rs ~ Sk 
0.7 
4.0 
mV 


Input Offset Current (Note 4) 
TA'" 
25°C 
30 
75 
nA 


Input BiasCurrent 
TA = 25°C 
150 
500 
nA 


Voltage Gain 
T A ° 25°C 
10 
40 
V/mV 


ResponseTime (Note 5) 
TA = 25°C Vs = ±15V 
80 
ns 


Saturation Voltage 
VIN.s; -5 mY, lOUT = 25 mA 
TA = 25°C 
0.75 
1.5 
V 


Output LeakageCurrent 
VIN ~ 5 mV, VOUT'" 35V 
TA = 2SoC 
0.2 
2 
~A 


Input Offset Voltage (Note 4) 
As ~ Sk 
7 
mV 


Input Offset Current (Note 4) 
100 
nA 


Input BiasCurrent 
1000 
nA 


Input Voltage Range 
Vs= ±1SV 
-12 
±13 
+12 
V 


V' 
oSV,V-oO 
1 
3 
V 


Saturation Voltage 
V' ~ 4.SV, V- 
0 0 


VtN.s; -6 mY. lSINKs;: 3.2 mA 
TA 
~ O°C 
0.23 
04 
V 


TA S;:O°C 
0.6 
V 


Output LeakageCurrent 
V1N~ 5 mV, VOUT= 35V, 
1 
10 
~A 
YOND =OV 


Differential Input Voltage 
=S 
V 


Positive Supply Current 
TA ° 2SoC, V' 
: SV, V-: 
0 
4.3 
mA 


Positive Supply Current 
TA = 25°C Vs=±lSV 
8 
I1.S 
mA 


NegativeSupply Current 
T A: 
2Soc 
Vs = ±1SV 
3 
4S 
mA 


Note 1: 
For supply voltages less than ±15V the absolute maximum 
input voltage is equal to the supply voltage. 


Note 2: 
The maximum 
junction 
temperature 
of the LM119 
is lS0°C, while 
that of the LM219 
is 110"C. For operating 
at 


elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal 
resistance of 150°C/W, junction 
to 


ambient, or 4SoC/W, junction 
to case. The thermal resistance of the dual-in-Iine 
package is 100°C/W, junction 
to ambient. 


Note 3: 
These specifications 
apply for Vs 
= ±1SV, and the Ground 
pin at ground, and -5SoC 
::; T A:S 
+12SoC, unless other- 
wise stated. With the LM219, however, all temperature 
specifications 
are limited 
to -2SoC:S 
TA:$. +8SoC. The offset voltage, 
offset current and bias current specifications 
apply for any supply voltage from a single SV supply up to ±lSV supplies. 


Note 4: 
The offset voltages and offset currents given are the maximum 
values required to drive the output 
within 
a volt of ei- 


ther supply with 
almA 
load. Thus, these parameters define an error band and take into account 
the worst 
case effects of 
voltage gain and input impedance. 


Note 5: 
The response time specified (seedefinitionsl 
is for a 100 mV input step with 
5 mV overdrive. 


Total Supply Voltage 
Output to NegativeSupply Voltage 
Ground to NegativeSupply Voltage 
Ground to PositiveSupply Voltage 
Differential Input Voltage 
Input Voltage (Note 1) 


PowerDiSSipation(Note 2) 
Output Short Circuit Duralion 
OperatingTemperatureRangeLM319 
StorageTemperatureRange 
LeadTemperature(Soldering,10see) 


500 
mW 
10 see 
o"C to 70°C 


-65 C to 150"C 
300°C 


MAX 
UNITS 


8.0 
mV 


200 
nA 


1000 
nA 


V/mV 


ns 


1.5 
V 


10 
J1A 


10 
mV 


300 
nA 


1200 
nA 


V 
V 


0.4 
V 


±5 
V 


mA 


12.5 
mA 


mA 


Electrical Characteristics 
(Note 3) 


PARAMETER 
CONDITIONS 
MIN 
TYP 


Input Offset Voltage (Note 4) 
TA = 25°C, Rs ~ 5k 
2.0 


Input Offset Current (Note 4) 
T A = 25°C 
80 


Input BiasCurrent 
TA = 25°C 
250 


Voltage Gain 
TA = 25°C 
40 


ResponseTime (Note 5) 
TA :=25°C Vs=±15V 
80 


Saturation Voltage 
V1N 
~ -10 mV, lOUT = 25 mA 


TA :=25°C 
0.75 


Output LeakageCurrent 
V1N.2 
10 mV, VOUT 
:= 35V, 


V- = VGNO 
= OV,TA = 25°C 
0.2 


Input Offset Voltage (Note 4) 
Rs"; 
5k 


Input Offset Current (Note 4) 


Input BiasCurrent 


Input Voltage Range 
Vs = ±15V 
±13 


V' 
= 5V, V- = 0 


Saturation Voltage 
V·:?: 4.5V, V- = 0 
0.3 


V1N:5: 
-10 mY, ISINK 
~ 
3.2 mA 


Differential Input Voltage 


Positive Supply Current 
TA = 25°C, V" := 5V, V- = 0 
4.3 


Positive Supply Current 
TA 
= 25°C 
Vs=±15V 


Negative Supply Current 
TA 
= 25"C 
Vs=±15V 


Note 1: For supply voltages less than ±15V the absolute maximum 
input voltage is equal to the supply voltage. 


Note 2: 
The maximum 
junction 
temperature 
of the LM319 
is 85°C. 
For operating 
at elevated temperatures, 
devices in the 
TO-5 package must be derated based on a thermal 
resistance of 150°C/W, 
junction 
to ambient, or 4SoC/W. junction 
to case_ 
The thermal 
resistance of the dual-in-line 
package is 100°C/W, 
junction 
to ambient. 


Note 3: 
These specifications 
apply 
for Vs 
= ±15V and O°C :S. TA 
:S. 70°C. unless otherwise stated. The offset voltage. offset 


current 
and bias current 
specifications 
apply 
for any supply voltage from 
a single 5V supply 
up to ±15V supplies. 


Note 4: 
The offset voltages and offset currents 
given are the maximum 
values required 
to drive the output 
within 
a volt of 
either supply with 
a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 


voltage gain and input 
impedance. 


Note 5: The response time specified is for a 100 mV input step with 
5 mV overdrive. 


Typical Performance 
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Low Power Low Offset Voltage Quad Comparators 
General 
Description 


The 
LM139 
series consists of 
four 
independent 
precision voltaqe comparators with an offset volt- 
age specification 
as low as 2 mV max for all four 
comparators. 
These were designed specifically 
to 
operate 
from 
a single power supply 
over a wide 
range 
of 
voltages. 
Operation 
from 
split 
power 
supplies is also possible and the low power supply 
current 
drain 
is independent 
of the magnitude of 
the power supply voltage. These comparators also 
have a unique 
characteristic 
in 
that 
the 
input 
common-mode 
voltage 
range 
includes 
ground, 


even though operated from a single power supply 
voltage. 


Application 
areasinclude limit comparators, simple 
analog to digital converters; pulse, squarewave and 
time delay generators; wide range VCO; MOS clock 
timers; multivibrators 
and high voltage digital logic 
gates. The LM 139 series was designed to directly 
interface 
with 
TTL 
and CMOS. When operated 
from 
both 
plus and minus power supplies, they 
will directly 
interface with 
MOS logic- 
where the 
low power drain of the LM339 is a distinct 
advan- 
tage over standard comparators. 


• 
High precision comparators 


• 
Reduced Vas 
drift 
over temperature 


• 
Eliminates need for dual supplies 


• 
Allows sensing near gnd 


• 
Compatible 
with 
all forms of logic 


• 
Power 
drain 
suitable 
for 
battery 
operation 


• 
Wide single supply 
voltage range or dual sup- 
plies 
LM 139 series, 
LM139A series, LM2901 


LM3302 


2 VOC to 36 VOC or 
±1 VOC to ±18 VOC 


2 VOC to 28 VOC 
or ±1 VOC to ±14 VOC 


• 
Very 
low 
supply 
current 
drain 
(0.8 
mAl 
- 


independent of supply voltage (2 mW/compara- 
tor at +5 Vocl 


• 
Low input biasing current 
25 nA 


• 
Low input offset current 
±5 nA 
and offset voltage 
±3 mV 


• 
Input common-mode voltage range includes gnd 


• 
Oifferential 
input 
voltage 
range equal to 
the 
power 
supply 
voltage 


• 
Low output 
saturation 
voltage 


• 
Output 
voltage 
compatible 
with 
TTL, 
OTL, 


ECL, 
MOS and CMOS logic 
systems 


Order Number 
LM139J, 
LM139AJ, 


LM239J, 
LM239AJ, 
LM339J, 


LM339AJ, 
LM2901 J or LM3302J 


See NS Package J14A 


Order Number 
LM339N, 
LM339AN, 


LM2901 N or LM3302N 
See NS Package N14A 


LM139/LM239/LM339, 
LM139A1LM239A1LM339A, LM2901, LM3302 


Absolute 
Maximum 
Ratings 


LM139/LM239/LM339 
LM139A1LM239A/LM339A 
LM3302 
LM2901 


Supply Voltage, V+ 
36 VDC or ±18 VDC 
28 VDC or ±14 VDC 
Differential Input Voltage 
36 VDC 
28 VDC 
Input Voltage 
-0.3 VDC to +36 VDC 
-0.3 VDC to +28 VDC 
Power Dissipation 
(Note 1) 


Molded DIP 
570 mW 
570 mW 


Cavity 
DIP 
900 mW 


Flat 
Pack 
800 mW 
Output Short-Circuit to GND, (Note 2) 
Continuous 
Continuous 


Input Current (VIN < -0.3 VDcl, 
INote 31 
50 mA 
50 mA 
Operating Temperature 
Range 


LM339A 
aOc to +70°C 
~40°C to +85°C 


LM239A 
~25°C to +85°C 


LM2901 
-40°C 
to +85°C 


LM139A 
-55°C 
to +125°C 
Storage Temperature 
Range 
-6SoC 
to +150°C 
-6SoC to +150°C 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 
300°C 


Electrical Characteristics 
(v+ ~ 5 VDC ' Note 4) 


LM139A 
LM239A, LM339A 
LM139 
LM239, LM339 
LM2901 
LM3302 
PARAMETER 
CONDITIONS 
UNITS 
~I 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
voltage 
TA = 25°C, INote 9) 
±LG 
±2.0 
±LG 
±2.0 
±2.0 
±5.0 
±2.0 
±5,Q 
±2.0 
±l.C 
±3 
±20 
I 
mVDC 


Input 
Bias Current 
IIN(+) 
or IIN(-l 
with Output 
in 
25 
100 
25 
250 
25 
100 
25 
250 
25 
250 
25 
500 
nADC 


Linear 
Range, 
T A "'-2SoC. 
(Note 
5) 


Input 
Offset 
current 
IINI+I-IINI-j, 
TA = 25°C 
I 


±3.0 
±25 
I 
±5.0 
±50 
I 
±3.0 
±25 
I 


±5.0 
±50 
I 
±5 
±50 
I 
±3 
±100 I 
nADe 


Input 
Common-Mode 
Voltage 
TA = 25°C, INote 61 
0 
V+-l.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-l.5 
VDe 


Range 


Supply 
Current 
RL = 
00 on all Comparators, TA = 25'C I 
0.8 
2.0 


150 


0.8 
2.0 


I 


0.8 
2.0 


I 


0.8 
2.0 


125 


0.8 
2.0 


I 


0.8 
2 


I 


mADC 


RL = 00, 
v+ 
= 30V, 
TA = 25°C 
1 
2.5 
mADC 


Voltage 
Gain 
I RL e: 15 kl1, V+ = 15 VDC ITo 
50 
200 
200 
200 
200 
100 
2 
30 
V/mV 


Support 
Large 
Va 
Swing), 
TA = 25°C 


Large 
Signal 
Response 
Time 
I 
VIN 
= TTL 
Logic 
Swing, 
VREF 
= 
I 
300 
I 
300 
I 
300 
I 
300 
I 
300 
I 
300 
I 
ns 


1.4 VDC, VRL = 5 VDC, RL = 5.1 kl1, 


TA = 25°C 


Response 
Time 
I VRL = 5 VDC, RL = 5.1 kl1, 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
JlS 


T A = 25°C, 
(Note 
7) 


Output 
Sink 
Current 
I VINH 
e: 1 VDC, VINI+I 
= 0, 
6.0 
16 
6.0 
16 
6.0 
16 
6.0 
16 
6.0 
16 
6.0 
16 
mADC 


VO:S 1.5 VDC, TA = 25°C 


Saturation 
Voltage 
I VINI-) e: 1 VDC, VINI+) = 0, 
250 
400 
250 
400 
250 
400 
250 
400 
400 
250 
500 
mVDC 


ISINK :S 4 mA, TA = 25°C 


Output 
Leakage 
Current 
I VINI+) e: 1 VDC, VINI-I 
= 0, 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
I 
nADC 


Vo = 5 VDC, TA = 25°C 


Electrical Characteristics 
(Continued) 


LM139A 
LM239A, LM339A 
LM139 
LM239, LM339 
LM2901 
LM3302 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset 
Voltage 
INote 91 
4.0 
4.0 
9.0 
9.0 
15 
40 
mVOC 


Input Offset 
Current 
IINI+I-IINH 
.100 
±150 
.100 
.150 
50 
200 
300 
nAOC 


Input 
Bias Current 
II N (+ I or II N(-) with Output 
in 
300 
400 
300 
400 
200 
500 
1000 
nAOC 


Linear 
Range 


Input Common-Mode 
Voltage 
V+-2.0 
V+-2.0 
V+-2.0 
V+-2.0 
V+-2.0 
0 
V+-2.0 
VOC 


Range 


Saturation 
\Yoltage 
VINI-I 
~ 1 VOC, VINI+I • O. 
700 
700 
700 
700 
400 
700 
700 
mVOC 


ISINK $ 4 mA 


Output 
Leakage Current 
VINI+J ~ 1 VOC. VINI-I 
• O. 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
~AOC 


VO' 
30VOC 


Differential 
Input 
Voltage 
Keep all VIN'S~ 
0 VOC (or V 
36 
36 
36 
36 
36 
28 
VOC 


if used), (Note 8) 


Note 1: 
For operating 
at high temperatures, 
the LM339/LM339A, 
LM2901, 
LM3302 
must be derated 
based on 
a 12SoC maximum 
junction 
temperature 
and a thermal 
resistance of 17SoC/W which 
applies for 
the device soldered in a printed 
circuit board, operating 
in a still air ambient. 
The LM239 and LM139 must be derated based on a 150°C maximum junction 
temperature. 
The low bias dissipation and the "ON- 
OFF" characteristic 
of the outputs 
keeps the chip dissipation very small (PD::: 100 mW), provided the output transistors are allowed to saturate. 


Note 2: 
Short circuits from the output 
to y+ can cause excessive heating and eventual destruction. 
The maximum output 
current is approximately 
20 mA independent 
of the magnitude of Y+. 
Note 3: 
This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors 
becoming forward biased and thereby 


acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the Ie chip. This transistor action can cause the output 
voltages of the comparators 
to go to the 


y+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output 
states will re-establish when the input voltage, which was nega- 


tive, again returns to a value greater than ---0.3 VDe (at 25°C). 
Note 4: These specifications 
apply for V+ = 5 VOC and -5Soe 
~ TA ~ +12Soe, 
unless otherwise stated. With the LM239/LM239A, 
all temperature 
specifications 
are limited to -25°C 
~ TA ~ +85°C, the 
LM339/LM339A 
temperature 
specifications 
are limited 
to O°C $. TA $. +70°C, 
and the LM2901, 
LM3302 
temperature 
range is -40°C 
$. TA $ +85°C. 


Note 5: 
The direction 
of the input current 
is out of the IC due to the PNP input stage. This current 
is essentially constant, 
independent 
of the state of the output 
so no loading change exists on the reference or 
input lines. 
Note 6: The input common·mode 
voltage or e'ither input signal voltage should not be allowed to go negative by more than 0.3Y. The upper end of the common·mode 
voltage range is V+ -1.5Y, but either or both 
inputs can go to +30 VOC without 
damage 125V for 
LM33021. 


Note 7: The response time specified is a.100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance 
characteristics 
section. 


Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common·mode 
range, the comparator 
will provide a proper output 
state. The low 
input voltage state must not be less than -0.3 
Vac 
(or 0.3 Yac 
below the magnitude of the negative power supply, if used) (at 2SoC). 


Note 9: 
At output 
switch 
point, 
Va 
" 
1.4 VOC, 
RS = on with 
V+ from 
5 VOC; and over the full 
input 
common-mode 
range (0 VOC to V+ -1.5 
VOC). 
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devices 
which, 
like 
most 
comparators, 
can 
easily 
oscillate 
if the output 
lead is inadvertently 
allowed 


to 
capacitively 
couple 
to 
the 
inputs 
via 
stray 


capacitance. 
This 
shows 
up only 
during 
the output 


voltage 
transition 
intervals 
as the comparator 
chan- 


ges states. 
Power 
supply 
bypassing 
is not 
required 


to 
solve 
this 
problem_ 
Standard 
PC board 
layout 
is helpful 
as it reduces 
stray 
input-output 
coupling. 


Reducing 
the 
input 
resistors 
to < 10 k£1 reduces 


the 
feedback 
signal 
levels 
and 
finally, 
adding 
even 


a small 
amount 
(1 to 
10 mY) of positive 
feedback 


(hysteresis) 
causes 
such 
a 
rapid 
transition 
that 


oscillations 
due 
to stray 
feedback 
are not 
possible_ 
Simply 
socketing 
the 
IC and 
attaching 
resistors 
to 


the 
pins 
will cause 
input-output 
oscillations 
during 


the 
small 
transition 
intervals 
unless 
hysteresis 
is 
used. 
If the 
input 
signal 
is a pulse 
waveform, 
with 


relatively 
fast 
rise and 
fall times, 
hysteresis 
is not 


required. 


All 
pins 
of 
any 
unused 
comparators 
should 
be 


grounded_ 


The 
bias network 
of tre 
LM 139 series 
establishes 
a 


drain 
current 
which 
is independent 
of the 
magni- 


tude 
of 
the 
power 
supply 
voltage 
over 
the 
range 


of from 
2 Yoc 
to 
30 Yoc- 


It is usually 
unnecessary 
to use a bypass 
capacitor 


across 
the 
power 
supply 
line. 


lms~:' 
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y+ without 
damaging 
the device. 
Protection 
should 


be 
provided 
to 
prevent 
the 
input 
voltages 
from 
going 
negative 
more 
than 
-0.3 
Yoc 
(at 25°C)_ 
An 
input 
clamp 
diode 
can 
be 
used 
as shown 
in the 


applications 
section. 


The output 
of the LM 139 series 
is the 
uncommitted 
collector 
of a grounded-emitter 
NPN output 
tran- 
sistor_ 
Many 
collectors 
can 
be 
tied 
together 
to 


provide 
an 
output 
OR'ing 
function. 
An 
output 
pull-up 
resistor 
can 
be connected 
to 
any 
available 


power 
supply 
voltage 
within 
the 
permitted 
supply 


voltage 
range 
and 
there 
is no 
restriction 
on 
this 


voltage 
due 
to the 
magnitude 
of the voltage 
which 
is 
applied 
to 
the 
y+ 
terminal 
of 
the 
LM 139A 
package. 
The 
output 
can 
also 
be used 
as a simple 


SPST 
switch 
to ground 
(when 
a pull-up 
resistor 
is 


not 
used). 
The 
amount 
of 
current 
which 
the 


output 
device 
can 
sink 
is 
limited 
by 
the 
drive 


available 
(which 
is independent 
of y+) and 
the 
{3 


of this 
device. 
When 
the 
maximum 
current 
limit 
is 
reached 
(approximately 
16 
mAl, 
the 
output 
transistor 
will 
come 
out 
of 
saturation 
and 
the 


output 
voltage 
will 
rise 
very 
rapidly. 
The 
output 
saturation 
voltage 
is limited 
by the approximately 


60£1 
rsat of 
the 
output 
transistor. 
The 
low offset 
voltage 
of 
the 
output 
transistor 
(1 
mY) 
allows 


the 
output 
to 
clamp 
essentially 
to 
ground 
level 
for 
small 
load 
currents. 
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LM160/LM260/LM360 
High Speed Differential 
Comparator 


General 
Description 


The LM 160/LM260/LM360 
is a very high speed 
differential 
input, 
complementary 
TTL 
output 


voltage comparator 
with 
improved characteristics 
over the /lA7601/lA760C, 
for which it is a pin-for- 


pin replacement. 
The device has been optimized 


for 
greater speed, input 
impedance and fan-out, 
and lower 
input 
offset 
voltage. Typically 
delay 
varies only 
3 ns for overdrive variations of 5 mV 
to 500 mV. 


Complementary 
outputs 
having 
minimum 
skew 
are 
provided. 
Applications 
involve 
high 
speed 


analog 
to 
digital 
convertors 
and 
zero-crossing 
detectors 
in 
disc 
file 
systems. 


IWI 


~ 


Order Number LM360N-14 
See NS Package N14A 


Order Number 
LM160J-14. 
LM260J-14 


See NS Package J14A 


Operating Temperature Range 


LM160 
LM260 
LM360 


StarageTemperature Range 
LeadTemperature (Soldering, 10 see) 


+BV 
-BV 
20mA 


±SV 
v+ 2 V1N:.::- 
V- 


Pasltive Supply Valtage 
Negative Supply Valtage 
Peak Output Current 
Differential Input Valtage 
Input Valtage 


-SSOC ta +12SoC 


-2SoC ta +8SoC 


O°C ta +70°C 


--6SoC ta +lS0°C 
300·C 


Electrical 
Characteristics 
(TM1N ::;TA ::;TMAx) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating Conditions 


Supply Voltage V cc + 
4.5 
5 
6.5 
V 


Supply Voltage Vcc - 
-4.5 
-5 
-6.5 
V 


Input Offset Voltage 
Rs <;:; 200n 
2 
5 
mV 


Input Offset Current 
.5 
3 
I'A 


Input Bias Current 
5 
20 
I'A 


Output 
Resistance (Either Output) 
VOUT 
= VOH 
100 
n 


Response Time 
T" 
= 25·C, VS = ±5V (Note 1) 
13 
25 
ns 


T" 
= 25·C, Vs = ±5V (Note 2) 
12 
20 
ns 


T" 
= 25·C, Vs = ±5V (Note 3) 
14 
ns 


Response Time Difference Between Outputs 


(tpd 
of +V1N1) 
- 
(tpd 
of -V1N2) 
T" 
= 25·C, (Note 1) 
2 
ns 


(tPd of +VlN2)- 
(tpd 
of -VIN1) 
T" 
= 25·C, (Note 1) 
2 
ns 


(tpd 
of +VIN1)- 
(tpd 
of +V1N2) 
T" 
= 25·C, (Note 1) 
2 
ns 


(tpd 
of -VlN11- 
(tpd of -V1N2) 
T" 
= 25·C, (Note 1) 
2 
ns 


Input Resistance 
f= 
1 MHz 
17 
kn 


Input Capacitance 
f= 
1 MHz 
3 
pF 


Average Temperature 
Coefficient of Input 
Rs = 50n 
8 
I'V/·C 


Offset Voltage 


Average Temperature 
Coefficient 
of Input 
7 
nA/·C 


Offset Current 


Common Mode Input Voltage Range 
Vs = ±6.5V 
±4 
±4.5 
V 


Differential 
Input Voltage Range 
±5 
V 


Output 
High Voltage (Either Output) 
lOUT 
= -320pA, 
Vs = ±4.5V 
2.4 
3 
V 


Output 
Low Voltage (Either Output) 
ISINK 
= 6.4 mA 
.25 
.4 
V 


Positive Supply Current 
Vs = ±6.5V 
18 
32 
mA 


Negative Supply Current 
Vs = ±6.5V 
-9 
-16 
mA 


Note 
1: Response time 
measured from 
the 50% point 
of a 30 mVp.p 
10 MHz sinusoidal 
input to the 50% point 
of the output. 


Note 
2: 
Response time 
measured from 
the 50% point 
of a 2 Vp.p 
10 MHz 
sinusoidal 
input 
to the 50% point of the output. 


Note 
3: 
Response 
time 
measured from 
the start of a 100 mV 
input 
step with 
5 mV 
overdrive 
to the time when the output 


crosses the logic threshold. 


Typical Performance Characteristics 
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~National 
~ 
Semiconductor 
LM161/LM261/LM361 High Speed Differential 
Comparators 


General 
Description 


The 
LM161/LM261/LM361 
is a very high speed 


differential 
input, 
complementary 
TTL 
output 


voltage comparator 
with 
improved characteristics 


over the SE529/NE529 
for which it is a pin-for-pin 


replacement. 
The device has been optimized 
for 


greater speed performance and lower input offset 
voltage_ Typically 
delay 
varies only 
3 
ns for 


over-drive variations of 5 mV to 500 mV_ It may 
be operated from op amp supplies (±15VI_ 


Voltage Comparators 


Complementary 
outputs 
having 
minimum 
skew 
are 
provided_ 
Applications 
involve 
high 
speed 


analog 
to 
digital 
converters 
and 
zero-crossing 


detectors in disc file systems_ 


Order Number 
LM161J. 
LM261J 
or LM361J 
See NS Package J14A 


Order Number LM361N 
See NS Package N14A 


Order Number 
LM161H. 
LM261H 
or LM361H 
See NS Package H 1OC 


Absolute 
Maximum 
Ratings 
Operating Conditions 


MIN 
TYP 
MAX 


Positive Supply Voltage, V+ 
+16V 
Supply Voltage V+ 


Negative Supply Voltage, V- 
-16V 
LM161/LM261 
5V 
15V 


Gate Supply Voltage, Vcc 
+7V 
LM361 
5V 
15V 


Output 
Voltage 
+7V 
Supply 
Voltage 
V- 


Differential 
Input 
Voltage 
±5V 
LM161/LM261 
-6V 
-15V 


Input Common Mode Voltage 
±6V 
LM361 
-6V 
-15V 


Power 
Dissipation 
600 mW 
Supply Voltage Vcc 


Storage 
Temperature 
Range 
-65°C 
to +150°C 
LM161/LM261 
4.5V 
5V 
5.5V 


Operating 
Temperature 
Range 
TMIN 
TMAX 
LM361 
4.75V 
5V 
5.25V 


LM161 
-5SoC 
to +125°C 


LM261 
-2SoC to +8SoC 


LM361 
aOc to +70°C 


Lead Temperature 
(Soldering, 
10 seel 
300°C 


For Any Device Lead Below V 
0.3V 


Electrical 
Characteristics 
(v+ 
"" +10V. Vcc = +5V, v-:: 
-lOV, 
TMIN 
'5':TA ':;;TMAX• 
unless noted) 


LIMITS 


PARAMETER 
CONDITIONS 
LM161/LM2til 
LM361 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
1 
3 
1 
5 
mV 


Input 
Bias Current 
TA 
=: 2SoC 
5 
10 
"A 


20 
30 
"A 


Input 
Offset 
Currenl 
T A 
= 2SoC 
2 
2 
"A 
3 
5 
"A 


Voltage 
Gain 
TA 
= 2SoC 
3 
3 
V/mV 


Input 
ResistanCE> 
T A 
= 25°C, 
f '" 
, kHz 
20 
20 
kl) 


Logical 
"'" 
Output 
Voltage 
Vcc 
- 4.75V, 
2.4 
3.3 
2.4 
3.3 
V 


ISOURCE 
-.5 
mA 


LogIcal "a" Output 
Voltage 
Vee 
'" 4.75V, 
.4 
.4 
V 
ISINK - 64 mA 


Strobe 
Input 
"1" 
Current 
Vcc 
525V. 


VS1 ROBf 
24V 
200 
200 
"A 


Strobe 
Input 
"0" 
Currenl 
Vee 


0- 
525V, 
16 
-1.6 
mA 
VSTROBE 
.4V 


Strobe 
Input ..a" Voltage 
Vee 
-4 
75V 
.8 
.8 
V 


Strobe 
Input 
"1" 
Voltage 
Vee-475V 
2 
2 
V 


Output 
Short 
Circuit 
CUI rent 
Vcc 
525V, 
VOU1 
OV 
18 
55 
18 
-55 
mA 


V+", 
lOV, 
V ~ 10V, 


Supply 
Current 
1+ 
Vee 
"" 525V, 
4.5 
mA 


55°C < T A 
0::::; 125°C 


V+ '" 10V. 
V ~ 10V. 


Supply 
Current 
1+ 
Vee 
= 5.25V, 
5 ., 
mA 


O°C S T A 
.:; 700e 


V+", 
10V, 
V ~ 10V. 


Supply 
Current 
1- 
Vee 
=: 5.25V. 
10 
mA 


55"e < T 1\ < 125"C 


v+ 
= 10V, 
V- 
= -lOV, 


Supply 
Current 
I- 
Vcc 
'" 5.25V, 
10 
mA 
O°C':; 
T p. -::;;7Q°C 


v+ 
'" 10V, 
V- 
"" ~10V. 


Supply 
Current 
Ice 
Vee 
" 5.25V, 
18 
mA 


-SSoC 
0::::; T p. 0::::; 125°e 


V+ '" lOV, 
V- 
'" -lOV, 


Supply 
Current 
Ice 
Vee 
"'5.25V, 
20 
mA 


O°C < T p. 'S: 70°C 


TRANSIENT RESPONSE 
VIN 
'" 50 mV Overdrive 


Propagation 
Delay 
Time 
(tpdlOI) 
T p. '" 2SoC 
14 
20 
14 
20 
ns 


Propagation 
Delay 
Time 
ltpdOj) 
Tp. '" 25°C 
14 
20 
14 
20 
ns 


Delay 
Between 
Output 
A and B 
Tp. = 25°C 
2 
5 
2 
5 
ns 


Strobe 
Delay 
Time 
(tpdlOl) 
TA 
'" 25°C 
8 
8 
ns 


Strobe 
Delay 
Time 
(tPd\1)) 
T A 
'" 2SoC 
8 
8 
n5 


- --_._- 


Offset 
Voltage 
Temperature 
Input 
Characteristics 
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Current 
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~National 
~ 
Semiconductor 
Voltage Comparators 


LM193/LM293/LM393, 
LM193A1LM293A1LM393A, 
LM2903 
Low Power Low Offset Voltage 
Dual Comparators 


General 
Description 


The LM 193 series consists of two independent 
precision 


voltage comparators 
with 
an offset 
voltage specification 


as low as 2.0 mV max for two comparators 
which were 
designed 
specifically 
to 
operate 
from 
a single 
power 
supply 
over 
a wide range of voltages. Operation 
from 


split 
power 
supplies is also possible and the low power 
supply 
current 
drain 
is independent 
of the magnitude 
of 
the 
power 
supply 
voltage. 
These comparators 
also 
have a unique characteristic 
in that the input common· 


mode 
voltage 
range 
includes 
ground, 
even 
though 
operated from a single power supply voltage. 


Application 
areas 
include 
limit 
comparators, 
simple 
analog to digital 
converters; 
pulse, squarewave and time 
delay 
generators; 
wide range VCO; 
MOS clock 
timers; 
multivibrators 
and high voltage digital 
logic gates. The 
LM193 
series was designed to 
directly 
interface 
with 


TTL 
and CMOS. When operated 
from 
both 
plus and 
minus 
power 
supplies, 
the 
LM193 
series will 
directly 
interface 
with 
MOS logic where their 
low power drain 


is a distinct 
advantage over standard comparators. 


• 
High precision comparators 


• 
Reduced Vas drift 
over temperature 


• 
Eliminates need for dual supplies 


• 
Allows sensing near ground 


• 
Compatible 
with all forms of logic 


• 
Power drain suitable for battery 
operation 


• 
Wide single supply 
Voltage range 
or dual suppl ies 


• 
Very 
low 
supply 
current 


dent 
of 
supply 
voltage 


5.0 Voc) 


• 
Low input biasing current 
25 nA 


• 
Low input offset current 
±5 nA 
and maximum 
offset voltage 
±3 mV 


• 
Input 
common-mode 
voltage range includes ground 


• 
Differential 
input 
voltage range equal to the power 
supply voltage 


• 
Low output 
saturation 
voltage 


• 
Output 
voltage 
compatible 
with 
TTL, 
DTL, 
ECL, 
MOS and CMOS logic systems 


2.0 Voc 
to 36 Voc 
±1.0Vocto±18Voc 
drain 
(0.8 mA)-indepen- 
(1.0 
mW/comparator 
at 


Order 
Number 
LM193H, 
LM193AH, 


LM293H, 
LM293AH, 
LM393H 
or LM393AH 
See NS Package 
HOSe 


Order 
Number 
LM393N, 


LM393AN, 
or LM2903N 


See NS Package 
NOSB 


LM1931LM293/LM393, 
LM193A/LM293A/LM393A, LM2903 


Absolute 
Maximum 
Ratings 


Supply Voltage, V+ 
36 VOC or ±18 VOC 
Differential Input Voltage 
36 VOC 


Input 
Voltage 
-0.3 
VOC to +36 VOC 


Power 
Dissipation 
(Note 
1) 


Molded OIP 
570 mW 


Metal 
Can 
830mW 
Output Short-Circuit to Ground, (Note 2) 
Continuous 


Input Current 
IVIN < -0.3 
VOCI. 
(Note 31 
SOmA 


Operating 
Temperature 
Range 


LM393/LM393A 
aOc to +70°C 


LM293/LM293A 
-2SoC 
to +8SoC 


LM 193/LM 193A 
-5SoC 
to +12SoC 


LM2903 
-40°C 
to +8S 


oC 
Storage Temperature 
Range 
-6SoC 
to +150°C 


Lead 
Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
(v+ = 5 Vod 
(Note 4) 


LM193A 
LM293A, 
LM393A 
LM193 
LM293, 
LM393 
LM2903 
PARAMETER 
CONOITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
TA = 25°C, INote 9) 
±1.0 
±2.0 
±1.0 
±2.0 
±1.0 
±5.0 
±1.0 
±5.0 
±2.0 
±7.0 
mVOC 


Input 
Bias Current 
IIN+ 
or IIN-with 
Output 
In Linear 
25 
100 
25 
250 
25 
100 
25 
250 
25 
250 
nAOC 


Aange, T A = 25°C, INote 5) 


Input Offset 
Current 
IIN+ -IIN-, 
TA = 25°C 
±3.0 
±25 
±5.0 
±50 
±3.0 
±25 
±5.0 
±50 
±5.0 
±50 
nAOC 


Input Common-Mode Voltage Range 
TA = 25°C, INote 61 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
VOC 


Supply 
Current 
R L = 
QO on All Comparators, 
TA = 2SoC 
0.4 
1 
0.4 
1 
0.4 
1 
0.4 
1 
0.4 
1.0 
mAoc 


AL 
= QO on All 
Amps, 
V+ 
;:: 30 Vac 
1 
2.5 
1 
2.5 
2.5 
2.5 
1 
2.5 
mAoc 


Voltage 
Gain 
RL~ 
15 kIl, TA = 25°C, V+ = 15 VOC 
50 
200 
50 
200 
50 
200 
50 
200 
25 
100 
V/mV 


(To 
Support 
Large Vo Swing) 


large 
Signal 
Response 
Time 
VIN =TTL 
LogicSw;ng, 
VAEF 
= 1.4 VOC 
300 
300 
300 
300 
300 
n, 


VAL = 5 VOC, AL = 5.1 kIl, TA = 25°C 


Response 
Time 
VAL = 5 VOC, AL = 5.1 kIl, TA = 25°C, 
1.3 
1.3 
1.3 
1.3 
1.5 
).t' 


INote 7) 


Output 
Sink 
Current 
VIN_:::: 
1 VOC, VIN+ = 0, Vo 
.,; 1.5 VOC, 
6.0 
16 
6.0 
16 
6.0 
16 
6.0 
16 
6 
16 
mAoc 


TA = 25°C 


Saturation 
Voltage 
VIN_:::: 
1 VOC, VIN+ = 0, ISINK"; 
4 mA, 
250 
400 
250 
400 
250 
400 
250 
400 
400 
mVOC 
TA = 25°C 


Output 
leakage 
Current 
VIN- 
= 0, VIN+:::: 
1 VOC, Va = 5 VOC, 
0.1 
0.1 
0.1 
0.1 
0.1 
nAOC 


TA = 25°C 


Electrical Characteristics 
(Continued) 


LM193A 
LM293A, LM393A 
LM193 
LM293, LM393 
LM2903 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
"fYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
(Note 91 
4.0 
4.0 
9 
9 
9 
15 
mVac 


Input 
Offset 
Current 
IIN+ -IIN- 
±100 
±150 
±100 
±150 
50 
200 
nADC 


Input 
Bias Current 
ltN+ or IIN- 
with Output 
in Linear Range 
300 
400 
300 
400 
200 
500 
nAac 


Input Common·Mode 
Voltage Range 
0 
V+-2.0 
0 
V+-2.0 
0 
V+-2.0 
0 
V+-2.0 
0 
V+-20 
Vac 


Saturation 
Voltage 
VIN_ e: 1 Vac, 
VIN+' 
0, ISINK ~ 4 mA, 
700 
700 
700 
700 
400 
700 
mVac 


Output 
leakage 
Current 
VIN_' 
0, VIN+ e: 1 Vac, 
Vo' 
30 Vac, 
1.0 
1.0 
1.0 
1.0 
1.0 
!lAaC 


Differential Input Voltage 
Keep All VIN'S e: 0 Vac 
(or V-, 
if Used), 
36 
36 
36 
36 
28 
Vac 
(Note 81 


Note 
1: 
For operating 
at high temperatures, 
the LM393/LM393A 
and LM2903 
must be oerated 
based on a 125°C maximum 
junction 
temperature 
and a thermal 
resistance of 
175°C/W 
which 
applies for the 
device soldered in a printed 
circuit 
board, operating 
in a still air ambient. 
The LM193/LM193A/LM293/LM293A 
must be derated based on a 150°C maximum 
junction 
temperature. 
The low bias dissipation 
and 
the "ON·OFF" 
characteristic 
of the outputs 
keeps the chip. dissipation 
very small (PO $. 100 mW), provided the output 
transistors are allowed to saturate. 


Note 2: 
Short circuits 
from the output 
to V+ can cause excessive heating and eventual dest(uction. 
The maximum 
output 
current 
is approximately 
20 mA independent 
of the magnitude 
of V+. 


Note 3: 
This input 
current 
will 
only exist when the voltage at any of the input 
leads is driven 
negative. It is due to the collector-base 
junction 
of the input 
PNP transistors 
becoming forward 
biased and thereby 
acting as input 
diode clamps. In addition 
to this diode action, there is also lateral NPN para~itic transistor action on the IC chip. This transistor 
action can cause the output 
voltages of the comparators 
to go to the 
V+ voltage level (or to ground for a large overdrive) 
for the time duration 
that an input is drivEln negative. This is not destructive 
and normal output 
states will re-establish when the input voltage, which was negative, 
again returns to a value greater than -0.3 
VOC' 


Note 4: 
These specifications 
apply for V+ = 5 VOC and -55°C::; 
TA :5. +125°C. 
unless otherwise 
stated. With the LM293/LM293A 
all temperature 
specifications 
are limited 
to -25°C:5. 
TA:5. +85°C and the 


LM393/LM393A 
temperature 
specifications 
are limited 
to O°C:5. TA:5 
+70°C. The LM2903 
is limited 
to -40°C:S. 
TA::; 
+85°C. 


Note 5: 
The direction 
of the input 
current 
is out of the lC due to the PNP input stage. Tt'1iscurrent 
is essentially constant, 
independent 
of the state of the output 
so no loading change exists on the reference or 
input lines. 


Note 6: 
The input common-mode 
voltage or either 
input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode 
voltage range is V+ -1.5V, 
but either or both 
inputs can go to 30 VOC without 
damage. 


Note 7: 
The response time specified is for a 100 mV input step with 5 mV overdrive. 
For la(ger overdrive signals 300 ns can be obtained, 
see typical 
performance 
characteristics 
section. 


Note 8: 
Positive excursions 
of input voltage may exceed the power supply level. As long a~ the other voltage remains within 
the common-mode 
range, the comparator 
will provide a proper output 
state. The low 
input voltage state must not be less than -0.3 
VOC (or 0.3 VOC below the magnitude of the negative power supply. if used). 


Note 9: 
At output 
switch point 
I Vo 
=::: 1.4 VOC, RS = On. with 
V+ from 5 VOC to 30 VOC; and over the full 
input common-mode 
range (0 VOC to V+ -1.5 
VOCl. 
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Characteristics 
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The LM 193 
series are high gain, 
wide 
bandwidth 
devices 


which, 
like most 
comparators, 
can 
easily 
oscillate 
if the 
output 
lead 
is 
inadvertently 
allowed 
to 
capacitively 
couple 
to the 
inputs 
via stray 
capacitance. 
This shows 
up 


only 
during 
the 
output 
voltage 
transition 
intervals 
as the 
comparator 
changes 
states. 
Power 
supply 
bypassing 
is 
not 
required 
to 
solve 
this 
problem. 
Standard 
PC board 
layout 
is 
helpful 
as 
it 
reduces 
stray 
input·output 


coupling. 
Reducing 
the 
input 
resistors 
to < 
10 
k.l1 
reduces 
the 
feedback 
signal 
levels 
and 
finally, 
adding 


even a small 
amount 
(1.0 to 10 mV) 
of positive 
feedback 


(hysteresis) 
causes 
such 
a rapid 
transition 
that 
oscilla- 


tions 
due 
to 
stray 
feedback 
are 
not 
possible. 
Simply 


socketing 
the 
IC and 
attaching 
resistors 
to the 
pins 
will 


cause 
input-output 
oscillations 
during 
the 
small 
transi- 


tion 
intervals 
unless 
hysteresis 
is used. 
If the input 
signal 


is a pulse 
waveform, 
with 
relatively 
fast 
rise 
and 
fall 
times, 
hysteresis 
is not 
required. 


The 
bias 
network 
of the 
LM193 
series 
establishes 
a drain 


current 
which 
is independent 
of 
the 
magnitude 
of 
the 
power 
supply 
voltage 
over the 
range 
of from 
2.0 V DC to 
30 VDC. 


It is usually 
unnecessary 
to use a bypass 
capacitor 
across 
the power 
supply 
line. 


ii" 
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'§OVoc 


10llH,lo·lOOkH, 


The 
differential 
input 
voltage 
may 
be 
larger 
than 
V+ 


without 
damaging 
the 
device 
(see 
Note 
8). 
Protection 
should 
be 
provided 
to 
prevent 
the 
input 
voltages 
from 
going 
negative 
more 
than 
-0.3 
VDC 
(at 25°C). 
An input 
clamp 
diode 
can 
be 
used 
as shown 
in the 
applications 


section. 


The 
output 
of the 
LM 193 series 
is the 
uncommitted 
col· 


lector 
of a grounded·emitter 
NPN output 
transistor. 
Many 
collectors 
can 
be 
tied 
together 
to 
provide 
an 
output 


OR'ing 
function. 
An 
output 
pull-up 
resistor 
can 
be 


connected 
to any 
available 
power 
supply 
voltage 
within 
the 
permitted 
supply 
voltage 
range 
and 
there 
is 
no 
restriction 
on 
this 
voltage 
due 
to 
the 
magnitude 
of the 
voltage 
which 
is 
applied 
to 
the 
V+ 
terminal 
of 
the 


LM 193 
package. 
The 
output 
can 
also 
be 
used 
as 
a 
simple 
SPST 
switch 
to 
ground 
(when 
a pull-up 
resistor 


is not 
used). 
The 
amount 
of 
current 
which 
the 
output 
device 
can 
sink 
is limited 
by the drive 
available 
(which 
is 


independent 
of 
V+) 
and 
the 
~ of this 
device. 
When 
the 


maximum 
current 
limit 
is 
reached 
(approximately 


16 mAl, 
the 
output 
transistor 
will 
come 
out 
of satura- 


tion 
and 
the 
output 
voltage 
will 
rise 
very 
rapidly. 
The 


output 
saturation 
voltage 
is 
limited 
by 
the 
approxi- 


mately 
60.11 
rSAT 
of 
the 
output 
transistor. 
The 
low 
offset 
voltage 
of 
the 
output 
transistor 
(1.0 
mVj 
allows 


the 
output 
to 
clamp 
essentially 
to 
ground 
level 
for 
small 
load currents. 
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LM311 Voltage 
Comparator 


General 
Description 


The LM311 is a voltage comparator that has input 
currents more than a hundred times lower than de- 
vices like 
the 
LM306 
or LM710C_ It is also de- 
signed to 
operate over a wider 
range of supply 


voltages: 
from 
standard 
±15V 
op amp supplies 
down to the single 5V supply used for IC logic. Its 
output 
is compatible 
with 
RTL, DTL and TTL as 


well as MOS circuits_ Further, it can drive lamps or 
relays, switching voltages up to 40V at currents as 
high as50 mA. 


• 
Operates from single 5V supply 


• 
Maximum input current: 250 nA 
• 
Maximum offset current: 50 nA 


• 
Differential 
input voltage range: ±30V 


• 
Power consumption: 
135 mW at ± 15V 


Both the input and the output 
of the LM311 can 
be isolated from 
system ground, and the output 


can drive 
loads referred 
to ground, 
the positive 
supply 
or the negative supply. 
Offset 
balancing 
and strobe capability 
are provided and outputs can 


be wire OR'ed. Although 
slower than the LM306 
and LM710C 
(200 ns response time vs 40 nsl the 


device 
is also 
much 
less prone 
to 
spurious 
oscilla- 


tions_ The LM311 has the same pin configuration 
as the LM306 and LM710C. See the "application 
hints" of the LM311 for application help_ 


**,Note: 
Pin connections 
shown 
on schematic 
diagram 
and typical applications are for TO·5 package. 


MAGNETIC 


PICIWP 
Detector for Magnetic Transducer 


·Absorbsinductivekickbad 


of relay 
and 
proteculC 
Irom 
~::'I~:e~ltage 
transients on 


Total Supply Voltage (VB4) 
Output 
to Negative Supply Voltage (V 74) 
Ground to Negative Supply Voltage (V 14) 
Differential 
Input Voltage 
Input Voltage (Note 1) 
Power Dissipation 
(Note 2) 
Output 
Short Circuit 
Duration 
Operating Temperature 
Range 
Storage Temperature 
Range 


Lead Temperature 
(soldering, 10 see) 
Voltage at Strobe Pin 


36V 
40V 
30V 
±30V 
±15V 
500mW 
10 see 
O°C to 70°C 
_65°C to 150°C 
300°C 
V+-5V 


Voltage Gain 


Response Time (Note 5) 


Input Offset Voltage (Note 4) 


Input Offset Current (Note 4) 


CONDITIONS 


T A = 25°C, Rs s: 50k 


T A = 25°C 


T A = 25°C 


T A = 25°C 


TA=25°C 


V'N s: -10 
mY, lOUT = 50 mA 


T A = 25°C 


T A = 25°C 


V'N ~ 10 mY, VOUT = 35V 


T A = 25°C, ISTROBE= 3 mA 


MAX 


7.5 


50 


250 


UNITS 


mV 


nA 


nA 


V/mV 


ns 


V 


mA - 
nA 


mV 


nA 


nA 


V 


V 


mA 


mA 


Note 
1: 
This 
rating 
applies for ±15V 
supplies. 
The positive 
input 
voltage 
limit 
is 30V 
above the negative supply_ The 
negative 


input voltage limit 
is equal to the negative supply voltage or 30V 
below the positive supply, whichever 
is less. 


Note 
2: The 
maximum 
junction 
temperature 
of the 
LM311 
is 110°C. 
For operating 
at elevated temperatures, 
devices in the TO-5 
package must be derated 
based on a thermal 
resistance of 150°C/W, 
junction 
to ambient, 
or 4SoC/W, junction 
to case. The thermal 
resistance of the dual-in·line 
package is 100°C/W, 
junction 
to ambient. 


Not83: 
These 
specifications 
apply 
for 
Vs 
= ±15V 
and 
the Ground 
pin at ground, 
and O°C < TA < +70°C, 
unless otherwise 
specified. 
The offset 
voltage, 
offset 
current 
and bias current 
specifications 
apply 
for any supply voltage from 
a single 5V supply 


up to ±15V 
supplies. 


Note 
4: 
The 
offset voltages and offset currents given are the maximum 
values required 
to drive the output 
within 
a volt of either 


supply 
with 
1 mA 
load. Thus, these parameters 
define 
an error 
band and take into account 
the worst-case effects of voltage gain 


and input 
impedance. 


Note 5: 
The response time specified 
(see definitions) 
is for a 100 mV 
input step with 
5 mV overdrive. 


Note 6: 
Do not short the strobe pin to ground; it should be current 
driven at 3 to 5 mA. 
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C") 
Application 
Hints 
~...J 
CIRCUIT 
TECHNIQUES 
FOR AVOIDING 
OSCILLATIONS 
IN COMPARATOR 
APPLICATIONS 


When 
a high-speed 
comparator 
such 
as 
the 
LM 111 
is 
used 
with 
fast 
input 
signals 
and 
low source 
impedances, 
the 
output 
response 
will 
normally 
be fast 
and 
stable, 
assuming 
that 
the 
power 
supplies 
have 
been 
bypassed 


(with 
0.1 IlF disc capacitors), 
and that 
the output 
signal 


is routed 
well 
away 
from 
the 
inputs 
(pins 
2 and 
3) and 


also 
away 
from 
pi ns 5 and 
6. 


However, 
when 
the 
input 
signal 
is a voltage 
ramp 
or a 


slow 
sine 
wave, 
or if the 
signal 
source 
impedance 
is high 


(1 
k.l1 
to 
100 
k.l1l. 
the 
comparator 
may 
burst 
into 
oscillation 
near 
the 
crossing-poi 
nt_ 
This 
is due 
to 
the 
high 
gain 
and 
wide 
bandwidth 
of 
comparators 
like 
the 


LMll1. 
To 
avoid 
oscillation 
or 
instability 
in such 
a 


usage, 
several 
precautions 
are 
recommended, 
as shown 


in Figure 1 below. 


1. The 
trim 
pins 
(pins 
5 and 
6) act 
as unwanted 
auxil- 
iary 
inputs. 
If these 
pins 
are not 
connected 
to a trim- 
pot, 
they 
should 
be 
shorted 
together. 
If they 
are 


connected 
to 
a 
trim-pot, 
a 0.01 
IlA 
capacitor 
Cl 


between 
pins 
5 and 
6 will minimize 
the susceptibility 


to AC coupling. 
A smaller 
capacitor 
is used 
if pin 5 is 
used 
for positive 
feedback 
as in Figure 1. 


2. 
Certain 
sources 
will 
produce 
a cleaner 
comparator 
output 
waveform 
if a 100 
pF to 
1000 
pF capacitor 
C2 is connected 
directly 
across 
the 
input 
pins. 


3. 
When 
the 
signal 
source 
is applied 
through 
a resistive 
network, 
Rs, it is usually 
advantageous 
to choose 
an 
Rs' 
of substantially 
the 
same 
value, 
both 
for 
DC and 
for 
dynamic 
(AC) 
considerations. 
Carbon, 
tin-oxide, 


and metal-film 
resistors 
have all been 
used 
successfully 


in comparator 
input 
circuitry. 
Inductive 
wirewound 


resistors 
are not 
suitable. 


4. 
When 
comparator 
circuits 
use 
input 
resistors 
(eg. 
summing 
resistors), 
their 
value 
and 
placement 
are 


particularly 
important. 
In all cases 
the 
body 
of 
the 


resistor 
should 
be close 
to 
the 
device 
or 
socket. 
In 


other 
words 
there 
should 
be very 
little 
lead 
length 
or 


printed-circuit 
foil 
run 
between 
comparator 
and 


resistor 
to radiate 
or pick 
up signals. 
The same 
applies 


to capacitors, 
pots, 
etc. For example, 
if Rs = 10 k.l1, as 
little 
as 5 inches 
of lead between 
the resistors 
and the 
input 
pins can 
result 
in oscillations 
that 
are very hard 
to 
damp. 
Twisting 
these 
input 
leads 
tightly 
is the 
only 
(second 
best) 
alternative 
to 
placing 
resistors 
close 
to the comparator. 


5. Since 
feedback 
to 
almost 
any 
pin 
of 
a comparator 
can 
result 
in 
oscillation, 
the 
printed-circuit 
layout 
should 
be engineered 
thoughtfully. 
Preferably 
there 
should 
be a ground 
plane 
under 
the 
LM 111 
circuitry, 


for 
example, 
one 
side of a double-layer 
circuit 
card. 


Ground 
foil 
(or, 
positive 
supply 
or 
negative 
supply 


foil) 
should 
extend 
between 
the 
output 
and 
the 


inputs, 
to act 
as a guard. 
The foil connections 
for the 


inputs 
should 
be as small 
and 
compact 
as possible, 


and 
should 
be essentially 
surrounded 
by ground 
foil 
on all sides, 
to guard 
against 
capacitive 
coupling 
from 
any 
high-level 
signals 
(such 
as the 
output). 
If pins 
5 
and 
6 are 
not 
used, 
they 
should 
be shorted 
together. 


If 
they 
are 
connected 
to 
a trim-pot, 
the 
trim-pot 
should 
be located, 
at most, 
a few inches 
away 
from 
the 


LM 111, and the 0.01 
IlF capacitor 
should 
be installed. 


If this 
capacitor 
cannot 
be used, 
a shielding 
printed- 
circuit 
foil 
may 
be 
advisable 
between 
pins 
6 and 
7. 


The power 
supply 
bypass 
capacitors 
should 
be located 


within 
a couple 
inches 
of 
the 
LMlll. 
(Some 
other 


comparators 
require 
the 
power-supply 
bypass 
to 
be 


located 
immediately 
adjacent 
to the comparator.) 


6. 
It is a standard 
procedure 
to use hysteresis 
(positive 
feedback) 
around 
a comparator, 
to prevent 
oscillation, 
and 
to 
avoid 
excessive 
noise 
on 
the 
output 
because 
the 
comparator 
is a good 
amplifier 
for 
its own noise. 
In 
the 
circuit 
of 
Figure 
2, 
the 
feedback 
from 
the 
output 
to the 
positive 
input 
will cause 
about 
3 mV of 


hysteresis. 
However, 
if Rs is larger 
than 
100D., 
such 


as 
50 
kD., 
it 
would 
not 
be 
reasonable 
to 
simply 
increase 
the 
value 
of 
the 
positive 
feedback 
resistor 
above 
510 
kD.. The 
circuit 
of Figure 3 could 
be used, 
but 
it is rather 
awkward. 
See the 
notes 
in paragraph 
7 below. 


ideal. 
The 
positive 
feedback 
is to 
pin 
5 (one 
of the 
offset 
adjustment 
pins). 
It is sufficient 
to cause 
1 to 
2 
mV 
hysteresis 
and 
sharp 
transitions 
with 
input 
triangle 
waves 
from 
a few 
Hz to 
hundreds 
of 
kHz. 


The 
positive·feedback 
signal 
across 
the 
82D. 
resistor 
swings 
240 
mV 
below 
the positive 
supply. 
This signal 


is centered 
around 
the 
nominal 
voltage 
at 
pin 
5, so 
this 
feedback 
does 
not 
add 
to 
the 
Vos 
of the 
com· 
parator. 
As much 
as 8 mV 
of 
Vos 
can 
be 
trimmed 
out, 
using 
the 
5 kD. pot 
and 
3 kD. resistor 
as shown. 


7. When 
both 
inputs 
of 
the 
LM111 
are 
connected 
to 
active 
signals, 
or if a high·impedance 
signal 
is driving 
the 
positive 
input 
of the 
LM 111 so that 
positive 
feed· 
back 
would 
be 
disruptive, 
the 
circuit 
of 
Figure 
1 is 


8. These 
application 
notes 
apply 
specifically 
to 
the 


LM111, 
LM211, 
LM311, 
and 
LF111 
families 
of 
comparators, 
and 
are 
applicable 
to 
all 
high·speed 
comparators 
in general, 
(with 
the 
exception 
that 
not 
all comparators 
have trim 
pins). 


LM710/LM710C 
Voltage 
Comparator 


General 
Description 


The 
LM710 
series are a high-speed voltage com- 


parators intended for use as an accurate, low-level 
digital 
level sensor or as a replacement for opera- 


tional amplifiers 
in comparator applications where 


speed is of 
prime 
importance. 
The circuit 
has a 


differential 
input 
and a single-ended output, 
with 


saturated output 
levels compatible with practically 


all types of integrated logic. 


The device is built 
on a single silicon chip which 


insures low offset 
and thermal 
drift. 
The use of 


a minimum 
number of stagesalong with minority- 


carrier 
lifetime 
control 
(gold doping) 
makes the 


circuit 
much faster than operational 
amplifiers 
in 


saturating comparator applications. In fact, the low 


stray and wiring capacitances that can be realized 
with 
monolithic 
construction 
make the device dif- 


ficult 
to duplicate with discrete components oper- 


ating at equivalent power levels. 


The 
LM710 series are useful as pulse height dis- 
criminators, voltage comparators in high-speed AID 
converters or go, no-go detectors in automatic test 
equipment. 
They also have applications 
in digital 
systems as an adjustable-threshold 
line receiver or 
an interface 
between logic types. In addition, 
the 


low cost of the units suggests it for 
appl ications 


replacing 
relatively 
simple 
discrete 
component 


circuitry. 
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Order Number LM710H 
or LM710CH 
See NS Package HOSe 


Order Number LM710N 
or LM710CN 
See NS Package N14A 


LM710 
LM710C 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset 
Voltage 
RS5 200n, VCM = OV, TA = 25°C 
0.6 
2.0 
1.6 
5.0 
mV 


Input Offset Current 
VOUT = 1AV, TA = 25°C 
0.75 
3.0 
1.8 
5.0 
~A 


Input Bias Current 
TA = 25°C 
13 
20 
16 
25 
~A 


Voltage Gain 
TA = 25°C 
1250 
1700 
1000 
1500 


Output 
Resistance 
TA = 25°C 
200 
200 
n 


Output Sink Current 
VOUT = 0, TA = 25°C 


6VIN25mV 
2.0 
2.5 
mA 


6VIN21OmV 
1.6 
2.5 
mA 


Response 
Time 
TA = 25°C, (Note 4) 
40 
40 
ns 


Input Offset Voltage 
RS 5 200n, VCM = OV 
3.0 
6.5 
mV 


Average Temperature Coefficient 
TMIN5TA5TMAX 
3.0 
10 
5.0 
20 
~vl"c 


of 
Input 
Offset 
Voltage 
RS 5 50n 


Input Offset Current 
TA = TA MAX 
0.25 
3.0 
7.5 
~A 


TA=TAMIN 
1.8 
7.0 
7.5 
~A - 


Average Temperature Coefficient 
25°C 5 TA 5TMAX 
5.0 
25 
15 
50 
nAte 


of Input Offset Current 
TMIN5TA~25°C 
15 
75 
24 
100 
nAte 


Input 
Bias Current 
TA=TMIN 
27 
45 
25 
40 
~A 


Input Voltage Range 
V~= -7V 
±5.0 
±5.0 
V 


Common-Mode 
Rejection Ratio 
RS 5 200n 
80 
100 
70 
98 
dB 


Differential 
Input 
Voltage Range 
±5.0 
±5.0 
V 


Voltage 
Gain 
1000 
800 
V/V 


Positive Output 
Level 
-5 mA ~ lOUT 5 0 


VIN25mV 
2.5 
3.2 
4.0 
V 


VIN210mV 
2.5 
3.2 
4.0 
V 


Negative Output 
Level 
VIN25mV 
-1.0 
-0.5 
V 


VIN2 
10 mV 
-1.0 
-0.5 
0 
V 


Output 
Sink 
Current 
VIN25mV,VOUT=0 


TA = 125°C 
0.5 
1.7 
mA 


TA=-55°C 
1.0 
2.3 
mA 


VIN 210 
mV, VOUT = 0 


0°C5TA5+7O°C 
0.5 
mA 


Positive Supply Current 
VIN2 
5 mV 
5.2 
9.0 
mA 


VIN210mV 
5.2 
9.0 
mA 


Negative Supply Current 
VIN25mV 
4.6 
7.0 
mA 


VIN210mV 
4.6 
7.0 
mA 


Power Consumption 
lOUT = 0 


VIN 2 5 mV 
90 
150 
mW 


VIN 210 
mV 
150 
mW 


Note 1: 
Rating 
applies for case temperatures 
to 12SoC for 
LM710 
and to 7etc for LM710C; 
derate linearly 
at 5.6 mWfC 
for ambient 
tempera- 


tures above 10SQC. 


Not. 
2: 
Derate linearly 
at 4.4 mwtC 
for ambient 
temperatures 
above 100QC. 


Note 
3: 
These specifications 
apply 
for 
V+ = 12V, V- 
= -6V. 
-55°C 
5 TA 5 +125°C 
for 
LM710 
and rfC 
5 TA 5 +70°C 
for 
LM710C 
unless 
otherwise 
specified. 
The 
input 
offset 
voltage 
and input offset current 
(see definitions) 
are specified 
for a logic threshold 
voltage of 1.8V 
at -55QC. 
1AV 
at 25°C, and lV 
al 125°C for LM710 
and 1.5V al O°C, 1.4V al 25°C and 1.2V a170°C 
for LM710C. 


Note 
4: 
The 
response time 
specified 
(see definitions) 
is a 100 mV 
input 
step with 5 mV 
overdrive 
(LM710) 
or a 10 mV 
overdrive 
(LM710C). 
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Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 
Output Short Circuit Duration 
Differential Input Voltage 
Input Voltage 


Power 0 issipation 
TO-99, (Nole 1) 
Flat Package, (Note 2) 


+14V 


-7V 
10mA 
10 seconds 


±5V 


±7V 


TMIN 
TMAX 
-55 


QC 
to +125°C 


aOc to +70°C 


-65°C 
to +150°C 


300°C 


Operating Temperature 
Range 


LM710 
LM710C 
Storage Temperature 
Range 


Lead Temperature 
(Soldering, 60 seconds) 


Typical Performance Characteristics 


Transfer 
Function 
Voltage 
Gain 
Voltage 
Gain 
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TEMPERATURE 
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~National 
~ 
Semiconductor 


LM711/LM711C Dual Comparator 


Voltage Comparators 


with 
conventional 
sense amplifier 
designs. 
Further, 


it has 
the 
speed 
and 
accuracy 
needed 
for 
reliably 


detecting 
the 
outputs 
of cores 
as small 
as 20 mils. 


The LM711 series contains 
two voltage 
comparators 
with 
separate 
differential 
inputs, 
a common 
out- 


put 
and 
provision 
for strobing 
each 
side 
indepen- 
dently. 
Similar 
to the 
LM710, 
the 
device 
features 


low offset 
and 
thermal 
drift, 
a large 
input 
voltage 
range, 
low power 
consumption, 
fast recovery 
from 
large 
overloads 
and 
compatibility 
with 
most 
inte- 
grated 
logic circuits. 


The 
LM711 
series 
are also 
useful 
in other 
applica- 


tions 
where 
a dual 
comparator 
with 
OR'ed 
outputs 


is required, 
such 
as a double-ended 
limit 
detector. 
By 
using 
common 
circuitry 
for 
both 
halves, 
the 


device 
can 
provide 
high 
speed 
with 
lower 
power 


dissipation 
than 
two 
single 
comparators. 
The 


LM711C is the commercial/industrial 
version 
of the 


LM711. 
With 
operation 
specified 
over 
a O°C to 


+70°C 
temperature 
range. 


With 
the 
addition 
of an external 
resistor 
network, 
the 
LM711 
series 
can 
be used 
as a sense 
amplifier 
for 
core 
memories. 
The 
input 
thresholding, 
com· 
bined 
with 
the 
high 
gain 
of 
the 
comparator, 
eliminates 
many 
of 
the 
inaccuracies 
encountered 


" 
INns 
uv 


lMll1 
POSITIVi 
SUPPLY 
'" 


FROM 
sum 


LINES 
'= 
III,. 


,. 


TQ.VIEW 
Nott: Pin 5 connected 
10 taW. 


Order Number LM711H or LM711CH 
See NS Package H1OC 


Dual-ln·Line 
Package 


~ 
NegativeSupply Voltage 
-7V 
LM711 
-55uC to +125uC 


...J 
Peak 
Output 
Current 
25 mA 
LM711C 
O°Cto +70°C 
- 
Differential 
Input 
Voltage 
±5V 
Storage 
Temperature 
Range 
-65°C to +150°C 
,..,.. 
Input Voltage 
±7V 
Lead 
Temperature 
(Soldering, 
10 seconds) 
300°C 


••••• 
Strobe Voltage 
o to +6V 
:E 
Internal Power Dissipation 
(Note 
1) 
300 mW 


...J 


Electrical 
Characteristics 
(These specifications 
apply for TA = 25°C, V+ = 12V, V- 
= -6V) 


LM711 
LM711C 
PARAMETER 
CONDITIONS 
(Note 2) 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
RS ~ 200Q, VCM = 0 
1.0 
3.5 
1.0 
5.0 
mV 


RS ~ 200Q, -5V 
~ VCM ~ +5V 
10 
5.0 
1.0 
7.5 
mV 


Input Offset Current 
0.5 
10.0 
0.5 
15 
!J.A 


Input Bias Current 
25 
75 
25 
100 
!J.A 


Voltage Gain 
750 
1500 
700 
1500 


Response Time (Note 3) 
40 
40 
ns 


Strobe Release Time 
12 
12 
ns 


Input Voltage Range 
V- =7V 
±5.0 
±5.0 
V 


Differential 
Input Voltage 
±5.0 
±5.0 
V 


Range 


Output 
Resistance 
200 
200 
Q 


Positive Output 
Level 
VIN2:10mV 
4.5 
5.0 
4.5 
5.0 
V 


Loaded Positive Output 
Level 
VIN 2: 10 mV, lOUT = -5 mA 
2.5 
3.5 
2.5 
3.5 
V 


Negative Output 
Level 
VIN~-10mV 
-1.0 
0 
-1.0 
-0.5 
0 
V 


Strobed Output 
Level 
VSTROBE 
~ 0.3V 
-1.0 
0 
-1.0 
0 
V 


Output 
Sink Current 
VIN ~ -10 
mV, VOUT 2: 0 
0.5 
0.8 
0.5 
0.8 
mA 


Strobe Current 
VSTROBE 
= 100 mV 
12 
2.5 
12 
2.5 
mA 


Positive Supply Current 
VIN ~-10 
mV 
8.6 
8.6 
mA 


Negative Supply Current 
3.9 
3.9 
mA 


Power Consumption 
130 
200 
130 
230 
mW 


The following 
specifications 
apply for TMIN 
~ TA ~ TMAX: 


Input Offset Voltage 
RS ~ 200Q, VCM = 0 
4.5 
6.0 
mV 


RS ~ 200Q 
6.0 
10 
mV 


Input Offset Current 
20 
25 
!J.A 


Input 
Bias Current 
150 
150 
!J.A 


Average Temperature 


Coefficient 
of Input 


Offset Voltage 
5.0 
5.0 
!J.V/oC 


Voltage Gain 
500 
500 


Note 1: 
Rating applies for case temperatures to 12SoC; 
derate linearly at 5.6 mWrC 
for ambient temperatures above 10Soe. 


Note 2: 
The input offset voltage and input offset current 
(see definitions) 
are specified for a logic threshold voltage of 1.8V 
at -55°C, 
1.4V at 


2SoC,and 1V at 12SoC. 


Note 3: 
The response time specified is for a 100 mV input step with 5 mV overdrive (see definitionsJ. 
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Typical Performance Characteristics 
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~National 
~ 
Semiconductor 
Voltage Comparators 


The LM1514/LM1414 
is a dual differential 
voltage 


comparator 
intended 
for 
applications 
requiring 
high accuracy and fast response times. The device 
is constructed 
on a single monolithic 
silicon chip. 


The 
LM 1514 
is specified for 
operation 
over the 
_55°C to +125°C 
military 
temperature 
range. The 


LM 1414 
is specified 
for 
operation 
over the O°C 
to +70°C temperature 
range. 


The LM1514/LM1414 
is useful as a variable thresh- 
old Schmitt 
trigger, 
a pulse height discriminator, 
a voltage comparator 
in high-speed A-D converters, 


a memory senseamplifier 
or a high noise immunity 
line 
receiver. 
The 
output 
of 
the 
comparator 
is 


compatible 
with 
all 
integrated 
logic 
forms. 
The 


LM 1514/ LM 1414 meet or exceed the specifications 
for 
the 
MC1514/MC1414 
and are pin-for-pin 
re- 


placements. The LM1514 is available in the ceramic 
dual-in-line 
package. The LM 1414 is available in 


either the ceramic or molded dual-in-line 
package. 


• 
Two 
totally 
separate comparators 
per package 


• 
Independent strobe capabil ity 


• 
High speed 30 ns typ 


• 
Low input offset voltage and current 


• 
High 
output 
sink 
current 
over 
temperature 


• 
Output 
compatible 
with TTLlDTL 
logic 


• 
Molded or ceramic dual-in-line 
package 


Order 
Number 
LM1414J 
or LM1514J 
See NS Package 
J14A 


Order 
Number 
LM1414N 
See NS Package 
N14A 


Positive 
Supply 
Voltage 


Negative 
Supply 
Voltage 


Peak 
Output 
Current 


Differential 
Input 
Voltage 


Input 
Voltage 


Power 
Dissipation 
(Note 
2) 


Operating 
Temperature 
Range 
LM15l4 


LM14l4 


+14.0V 


-7.0V 


lamA 


±5.0V 


±7.0V 


600 mW 


-55°C 
to +125°C 


O°C to +70°C 


--u5°C 
to +150°C 


300°C 
Storage 
Temperature 
Range 


Lead TemlJerature 
(Soldering, 
10 seconds) 


LM1514 
lM1414 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


UNITS 


Input 
Offset 
Voltage 
As < 200n, 
VCM 
'" av, 
VOUT 
'" 1.4V 
0.6 
2.0 
1.0 
5.0 
mV 


Input 
Offset 
Current 
VCM 
= av, VOUT 
= 1.4V 
0.8 
3.0 
1.2 
5.0 
.A 


Input 
Bias 
Current 
20 
25 
.A 


Voltage 
Gain 
1250 
1000 


Output 
Resistance 
200 
200 
n 


Differential 
Input 
Voltage 
Range 
±5.0 
±5.0 
V 


Input 
Voltage 
Range 
V- 
'" -J.OV 
±5.0 
±5.0 
V 


Common 
Mode 
Rejection 
Ratio 
Rs ~ 2OOH. V- '" -J.OV 
80 
100 
70 
100 
d8 


Positive 
Output 
Voltage 
VIN 
~ 70 mY. 0 $IOUT 
$-50 
mA 
2.5 
3.2 
4.0 
2.5 
3.2 
4.0 
V 


Negative Output 
Voltage 
VtN $-]0 
mV 
-1.0 
-0.5 
0 
-1.0 
-0.5 
0 
V - 


Strobed Output 
Voltage 
VSTAOBE 
~ 
O.JV 
-1.0 
-0.5 
0 
-1.0 
-0.5 
0 
V 


Strobe 
"0" 
Current 
VSTR08E'" 
100 
mV 
-1.2 
-2.5 
-1.2 
-2.5 
mA 


POSitive Supply 
Current 
V1N $-] mV 
18 
18 
mA 


Negative Supply 
Current 
V1N$-7 
mV 
-14 
-14 
mA 


Power Consumption 
180 
300 
180 
300 
mW 


Response Time 
(Note3) 
30 
30 
ns 


LM1S14/LM1414' 
The following 
apply 
for T L ~ T A < T H (Note 
4) unless otherwise 
specified 


Input 
Offset 
Voltage 
Rs ~ 200n, 
VOUT 
" 
L8V 
for T A" 
T L 
3.0 
6.5 
mV 


VCM 
= OV, VOUT 
'" I.OV for T A" 
T H 
3.0 
6.5 
mV 


Input 
Bias CUI rent 
45 
40 
.A 


Temperature 
Coefficient 
of 
3.0 
5.0 
,.N/oC 


Input 
Offset 
Voltage 


Input 
Offset 
Current 
VCM"'OV,VOUT" 
1.8V, TA"'TL 
7.0 
7.5 
.A 


VCM 
'" OV, VOUT 
" 
1.0V. T A'" 
T H 
3.0 
7.5 
.A 


Voltage 
Gain 
1000 
800 


Output 
Sink Current 
VIN 
'$-90mV, 
VOUT 
~OV 
2.8 
4.0 
1.6 
2.5 
mA 


Note 
1: 
VOltage 
values 
are with 
respect 
to network 
ground 
terminal. 
Positive 
current 
is defined 
as current 
into 
the 
referenced 
pin. 


Note 
2: 
LM1514 
ceramic 
package; 
The 
maximum 
junction 
temperature 
is +150°C, 
for operating 
at elevated 
temperatures, 


devices 
must 
be derated 
linearly 
at 
12.5 mwtC. 
LM1414 
ceramic 
package; 
The 
maximum 
junction 
temperature 
is +95°C 
for 
operating 
at elevated 
temperatures, 
devices 
must 
be derated 
linearly 
at 12.5 
mWiC. 
LM1414 
molded 
package: 
The 
maximum 


junction 
temperature 
is +115°C, 
for 
operating 
at 
elevated 
temperatures, 
devices 
must 
be 
derated 
linearly 
at 
6.7 
mwtC. 


Note 
3: 
The 
response 
time 
specified 
(see definitions) 
for a 100 
mV input 
step 
with 
5 mV overdrive. 


Noto4: 
For LM1514, TL =-55·C, 
TH =+125·C. 
For LM1414, TL =O·C, TH =+70·C. 


Section 6 


Analog Switches 


Analog Switches 


Analog 
Switches/Multiplexers 
Selection 
Guide 
6-3 
Definition 
ofTerms 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6-4 
AH5009, AH5010, AH5011, AH5012 Monolithic 
Analog 
Current 
Switches 
6-5 
LF11331/LF133314 
Normally 
Open Switches 
With Disable 
6-17 
LF11332/LF133324 
Normally 
Closed 
Switches 
With Disable. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-17 


LF11333/LF133332 
Normally 
Closed 
Switches 
and 2 Normally 
Open Switches 
With Disable. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-17 


LF11201/LF13201 
4 Normally 
Closed Switches. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-17 


LF11202/LF132024 
Normally 
Open Switches. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-17 


LF11508/LF13508 
8-Channel 
Analog 
Multiplexer. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-27 


LF11509/LF13509 
4-Channel 
Differential 
Analog 
Multiplexer. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-27 


Note. For additional 
information 
on analog 
switches, 
see National 
Semiconductor's 
Hybrid 
Products 
Databook 
and FET Databook. 


Logic 
Input 
Part 


Number 


100 
15 mA 
AH5011 
15V TTL, CMOS 
150/300 
ns 


150 
5 mA 
AH5012 
TTL, CMOS 
150/300 
ns 


200 
± 10 
LFl1201 
TTL 
±15 
90/500 
ns 


200 
±10 
LFl1202 
TTL 
±15 
90/500 
ns 


200 
±10 
LFl1331 
TTL 
± 15 
90/500 
ns 


200 
±10 
LFl1332 
TTL 
± 15 
90/500 
ns 


200 
±10 
LFl1333 
TTL 
± 15 
90/500 
ns 


250 
±10 
LF13201 
TTL 
± 15 
90/500 
ns 


250 
±10 
LF13202 
TTL 
± 15 
90/500 
ns 


250 
±10 
LF13331 
TTL 
± 15 
90/500 
ns 


250 
±10 
LF13332 
TTL 
± 15 
90/500 
ns 


250 
±10 
LF13333 
TTL 
± 15 
90/500 
ns 


280 
± 7.5 
CD4066 
CMOS 
± 7.5 
50/50 
ns 


850 
±7.5 
CD4016 
CMOS 
± 7.5 
20/20 
ns 


TRIPLE 
SPOT 


280 
I 
± 7.5 
CD4053 
CMOS 
±7.5 
150/150 
ns 


4·CHANNEL 


100 
15mA 
AH5009 
15V TTL, CMOS 
150/300 
ns 


150 
5 mA 
AH5010 
TTL, CMOS 
150/300 
ns 


4-CHANNEL 
DIFFERENTIAL 


280 
±7.5 
CD4052 
CMOS 
±7.5 
150/150 
ns 


350 
12, -15 
LFl1509 
TTL 
± 15 
1/0.2I's 
270 
± 7.5 
CD4529B 
CMOS 
±7.5 
50/50 ns 


250-400 
±5 
AM3705 
TTL 
-15,5 
300/600 
ns 


350 
12, -15 
LF11508 
TTL 
±15 
11O.21's 
270 
±7.5 
CD4529B 
CMOS 
±7.5 
50/50 
ns 
280 
± 7.5 
CD4501 
CMOS 
±7.5 
150/150 
ns 


'RON max@TA=2S'C 


tVA/1 = maximum voltage or current to be safely switched 


» 
~ 
S»0' 
CO 
en 
:E 
::::;: 
(')::r 
CDen-s:c::;_. 
"'2. 


CD 
>< 
CD 
Ci1 
en 
CDen 
(')- 
o· 
~ 
C> 
cc: 
CD 


RON: Resistance 
between 
the output 
and the input of an 


addressed 
channel. 


Is: Current 
at any switch 
input. 
This 
is leakage 
current 


when the switch 
is ON. 


10: Current 
at any switch 
input going into the switch. 
This 


is leakage 
current 
when the switch 
is OFF. 


Cs: Capacitance 
between 
any 
open 
terminal 
"5" 
and 


ground. 


Co: Capacitance 
between 
any 
open 
terminal 
"0" 
and 


ground. 


lo-Is: 
Leakage 
current 
that flows 
from the closed 
switch 
into the body. This leakage 
is the difference 
between 
the 
current 
ID going 
into the switch 
and the current 
Is going 


out of the switch. 


IRAN: 
Delay time when sWitching 
from one address 
state 


to another. 


ION: Delay time between 
the 50% points 
of an enable 
in- 


put and the switch 
ON condition. 


10FF: 
Delay time between 
the 50% points of the enable in- 
put and the switch 
OFF condition. 


AH5009, AH5010, AH5011, AH5012 Monolithic 
Analog 


Current Switches 
General Description 


A versatile family 
of monolithic 
JFET 
analog switches 


economically 
fulfills 
a 
wide 
variety 
of 
multiplexing 
and analog switching 
applications. 


Even numbered 
switches 
may be driven 
di rectly 
from 


standard 
5V logic, whereas the odd numbered 
switches 


are intended 
for applications 
utilizing 
10V or 15V logic. 


The monolithic 
construction 
guarantees tight 
resistance 
match and track. 


Applications 


• 
AD/DA 
converters 


• 
Micropower 
converters 


• 
Industrial 
controllers 


• 
Position 
controllers 


• 
Data acquisition 


• 
Active 
filters 


• 
Signal multiplexers/demultiplexers 


• 
Multiple 
channel 
AGC 


• 
Quad compressors/expanders 


• 
Choppers/demodulators 


• 
Programmable 
gain amplifiers 


• 
High impedance 
voltage buffer 


• 
Sample and hold 
For voltage switching applications see LF13331. LF13332, 
and LF13333 
Analog Switch 
Family. 


Features 


• 
Interfaces with 
standard TTL 
and CMOS 


• 
"ON" 
resistance match 


• 
Low "ON" 
resistance 


• 
Very low leakage 


• 
Large analog signal range 


• 
High switching 
speed 


• 
Excellent isolation 
between 
channels 


2 ohms 


100 ohms 


50pA 


±10V peak 


150 ns 


80 dB 
at 1 kHz 


14 
r-- 
I 
13 
I 


12 


11 


10 


I 
Il __ 


LOGIC DRIVE 
4CHANNEL 
4 SPST 
MUX 
SWITCHES 


5V TTL 
AH5010CN 
AH5012CN 


15V TTL 
AH5009CN 
AH5011CN 


AH5009C 
and AH5010C 
MUX Switches 
(4-Channel Version Shown) 


Order Number 
AH5009CN 
or 
AH5010CN 
NS Package 
Number 
N14A 


COMPENSATING 
FET 


o 
IS 


14 


COMMON 
DRAINS 


Note: 
All diode cathodes are internally 
connected 
to the substrate. 


AH5011C 
and AH5012C 
SPST Switches 
(Quad Version Shown) 


Order Number 
AH5011CN or 


AH5012CN 
NS Package 
Number 
N16A 


Absolute Maximum Ratings 


Input 
Voltage 


AH5009/AH5010/AH5011/AH5012 
30V 


Positive Analog 
Signal Voltage 
30V 


Negative Analog 
Signal Voltage 
-15V 


Diode Current 
10mA 


Drain Current 
30mA 


Power Dissipation 
500mW 


Operating 
Temperature 
Range 
-25° C to +85° C 


Storage Temperature 
Range 
-£5°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 


AH5010 
and AH5012 
(Notes 1 and 2) 


PARAMETER 
CONDITIONS 
TYP 
MAX 
UNITS 


IGsx 
Input 
Current 
"OFF" 
4.5V::; 
VGo::; 
llV. 
Vso 
= 0.7V 
0.01 
0.2 
nA 


T A = 85°C 
10 
nA 


10(OFF) 
Leakage Current 
"OFF" 
Vso 
= 0.7V, 
VGS = 3.8V 
0.01 
0.2 
nA 


T A = 85°C 
10 
nA 


IG1ON) 
Leakage Current 
"ON" 
VGO =OV,ls 
= 1 mA 
0.08 
1 
nA 


TA 
= 85°C 
200 
nA 


IG(ON) 
Leakage Current 
"ON" 
VGo=OV,ls=2mA 
0.13 
5 
nA 


T A = 85°C 
10 
IlA 


IG1ON) 
Leakage Current 
"ON" 
VGO = OV,ls 
=-2mA 
0.1 
10 
nA 


T A = 85°C 
20 
IlA 


rOSION) 
Drain·Source 
Resistance 
VGS = 0.35V, 
Is = 2 mA 
90 
150 
n 


T A = +8SoC 
240 
n 


VOIOOE 
Forward 
Diode 
Drop 
10 =0.5mA 
0.8 
V 


rOSION) 
Match 
VGS = 0, 10 = 1 mA 
4 
20 
n 


TON 
Turn 
"ON" 
Time 
See ac Test Circuit 
150 
SOD 
ns 


T OFF 
Turn 
"OFF" 
Time 
See ac Test Circuit 
300 
500 
ns 


CT 
Cross Talk 
See ac Test Circuit 
120 
dB 


Not. 
1: 
Test conditions 
25°C 
unless otherwise 
noted. 
Not82: 
"OFF" 
and "ON" 
notation refers to the conduction state of the FET switch. 


Electrical Characteristics 
AH5009 
and AH5011 


PARAMETER 
CONDITIONS 
TYP 
MAX 
UNITS 


IGSX 
Input 
Current 
"OFF" 
l1V~VGO 
~ lSV, 
Vso 
=0.7V 
0.01 
0.2 
nA 


T A = 8SoC 
10 
nA 


IOIOFFI 
Leakage Current 
"OF F" 
Vso 
= 0.7V, VGS = 10.3V 
0.01 
0.2 
nA 


T A = 8SoC 
10 
nA 


IGIONI 
Leakage Current 
"QN" 
VGO = OV, Is = 1 mA 
0.04 
O.S 
nA 


T A = 8SoC 
100 
nA 


IGIONI 
Leakage Current 
"ON" 
VGo=OV,ls=2mA 
2 
nA 


T A = 8SoC 
1 
!1A 


IGIONI 
Leakage Current 
"ON" 
VGO = OV, Is =-2mA 
S 
nA 


T A = 8SoC 
2 
!1A 


rDS(ONl 
Drain·Source 
Resistance 
VGS = 1.SV, Is = 2 mA 
60 
100 
n 


T A = 8SoC 
160 
n 


VOIOOE 
Forward 
Diode Drop 
lo=O.SmA 
0.8 
V 


rOSION) 
Match 
V GS = 0, 10 = 1 mA 
10 
n 


TON 
Turn 
"ON" 
Time 
See ac Test Circuit 
lS0 
500 
ns 


TOFF 
Turn 
"OFF" 
Time 
See ac Test Circuit 
300 
SOO 
ns 


CT 
Cross Talk 
See ac Test Circuit 
120 
dB 


VOUT 
(eL ~ 10 pFI 


Typical Performance Characteristics 


Leakage 
Current, 
IOIOFFI 
Parameter 
Interaction 
vs Temperature 


1000 
10. 
VGSIOFFI til vDS" 
-15V,lo 
= -1 
nA 
•• 
S 
tos@lo=-1mA.VGS=DV 
...• 
" 
~ 


~';i 
9fs@Vos,..-15V, 
VGS = DV PULSED I 
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10 
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1.0 
5 
10 
100 
25 
35 
45 
55 
65 
75 
15 


VGS 
GATE SOURCE 
CUTOFF VOL lAGE 
IV) 
TEMPERATURE 
lOCI 


"ON" 
Resistance, 
'OSIONI 


YS Temperature 
Cross Talk, 
CT vs Frequency 


150 
1 


-120 
~ 
10 =-1 
mA 
-110 
V. 
~ ±lOY 


S 
125 
~V11l ,- 
-100 


~ 
~ 
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~\1ttA?~ 
OS 
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25 
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55 
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15 
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" 
10. 
lOOk 
1M 


TEMPERATURE 
(OC) 
FREOUENCY 
(Hz) 


Leakage 
Current 
vs 
Transconductance 
vs 
Drain-Gate 
Voltage 
Drain Current 
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~ 
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~F 


!T •• 
25°C 
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~ 
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DRAIN·GATE 
VOLTAGE 
(V) 
DRAIN 
CURRENT 
(mAl 


Normalized 
Drain 
Drain Current 
vs Bias 
Resistance vs Bias 
Voltage 
Voltage 
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VOL TAGE 
(V) 
IVaslVasloFFII- 
NORMALIZED 
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VOLTAGE 
(V) 


The AH series of analog switches are primarily 
intended 


for 
operation 
in current 
mode switch applications; 
i.e., 
the drains of the FET switch are held at or near ground 
by operating 
into 
the 
summing 
junction 
of an opera· 
tional 
amplifier. 
Limiting 
the drain voltage to under a 


few hundred millivolts 
eliminates the need for a special 


gate driver, 
allowing 
the switches to be driven directly 


by standard TTL 
(AH50101. 5V-lOV 
CMOS (AH5010), 
open collector 
15V TTL/CMOS 
(AH5009). 


Two 
basic switch 
configurations 
are available: 
4 inde- 


pendent 
switches (SPST) and 4 pole switches used for 


multiplexing 
(4 PST-MUX). 
The 
MUX 
versions such as 


the AH5009 
offer 
common 
drains and include a series 


FET 
operated 
at 
V GS = OV. The additional 
FET is 


placed in the feedback path in order to compensate for 
the 
"ON" 
resistance of 
the 
switch 
FET 
as shown 
in 


Figure 
1. 


R2 + rOS(ON)Q2 


R1 + rOS(ONIQ1 


For 
R1 
R2, 
gain 
accuracy 
is determined 
by 
the 
rOSION) match 
between 
Q1 
and 
Q2. 
Typical 
match 


between 
Q1 
and 
Q2 
is 4 
ohms 
resulting 
in 
a gain 


accuracy 
of 
0.05% 
(for 
R1 = 
R2 = 
10 
kn). 


The switches with 
the source diodes grounded 
exhibit 


improved 
noise immunity 
for positive 
analog signals in 


the "OFF" 
state. With 
V,N = 15V and the VA = 10V, 


the source of Q1 is clamped to about 0.7V by the diode 
(V GS = 14.3V) ensuring that ac signals imposed on the 
lOV will 
not gate the FET "ON." 


Since the 
AH 
series of 
analog switches 
are operated 
current 
mode, it is generally advisable to make the signal 
current 
as large as possible. However, current 
through 


the FET switch tends to forward 
bias the source to gate 


junction 
and 
the 
signal 
shunting 
diode 
resulting 
in 


leakage through 
these junctions. 
As shown in Figure 2, 


IG10N) represents a finite 
error 
in the current 
reaching 
the summing junction 
of the op amp. 


Secondly, the rOSION) of the FET begins to "round" 
as 


Is 
approaches 
loss. 
A practical 
rule 
of 
thumb 
is to 


maintain 
Is at less than 
1/10 
of 
Joss. 


Combining 
the criteria 
from the above discussion yields: 


VA(MAX) AD 
R1(MIN) ~ 
----- 
IG(ON) 


VA(MAX) 
~ 


loss/10 


AI 


ANALOG 
V 
10k 
A2 
INPUT 
A 
10k 


ANALOG 
OUTPUT 
- 
- 
FIGURE 
1. Use of Compensation 
FET 


VA 
Is'" 
R1 
10 = Is - IG(ON) 
AI --- 
+ 
-- 
A2 
VA =+IOV 


Peak amplitude 
of 
the 
analog 
input 
signal 


Desired 
accuracy 


Leakage at 
a given 
Is 


Saturation 
current 
of 
the 
FET 


switch 


In a tYpical application, 
VA might 
= ±10V, 
Ao 
= 0.1%, 
O°C ..:; T A 
..:; 85°C. 
The 
criterion 
of 
equation 
(2b) 
predicts: 


10V 


20 
mA 


10 


For 
R1 = 5k, 
Is "" 
10V/5k 
or 2 mA. The electrical 


characteristics 
guarantee an IG(ON) ..:; 1/lA 
at 85°C for 
the AH5010. 
Per the criterion 
of equation 
(2a): 


(10V)(10-3) 
R1(MIN) 
~ 
~ 
10 kD. 


1 x 10~ 


Since equation 
(2a) predicts 
a higher 
value, the 
10k 


resistor should be used. 


The 
"OF F" 
condition 
of 
the 
FET 
also affects 
gain 


accuracy. As shown in Figure 3, the leakage across 02, 
IO(OFF) represents a finite 
error in the current 
arriving 


at the summing junction 
of the op amp. 


VA(MIN) Ao 
R1(MAX) ..:; ----- 
(N) IO(OFF) 


Minimum 
value for 
the 
analog 


input 
signal 


Desired accuracy 


Number 
of channels 


"OFF" 
leakage of a given FET 
switch 


As an example, 
if 
N = 
10, Ao 
= 0.1%, and IO(OFF) 


:s; 10 nA at 85°C for the AH5009. 
R1(MAX) 
is: 


(1V)(10-3) 
R1(MAX) 
< 
= 
10k 
- 
(10)(10 x 10--{l) 


Selection of R2, of course, depends on the gain desired 
and for unitY gain R1 = R2. 


Lastly, 
the 
foregoing 
discussion 
has ignored 
resistor 
tolerances, 
input 
bias current 
and offset voltage of the 


op amp-all 
of which should be considered in setting the 


overall gain accuracy of the circuit. 


TTL 
Compatibility 


Two 
input 
logic drive 
versions of AH series are avail· 
able: the even numbered 
part tYpes are specified to be 


driven from 
standard 5V TTL 
logic and the odd num- 


bered tYpes from 15V open collector 
TTL. 


10 = Is + IOIOFFI--- 


» 
:J: 
enoo 
JD»:J: 
§ 
P»:J:§ 
..•. 
'" 


In orderto 
ensure 
turn-off 
of the even numbered 
switches 
such 
as 
AH5010, 
a pull-up 
resistor, 
REXT' 
of 
at 
least 
10 
krl 
should 
be placed 
between 
the 
5V V cc 
and 
the 
gate 
output 
as shown 
in Figure 4. 


Likewise, 
the 
open-collector, 
high 
voltage 
TTL 
outputs 


should 
use 
a pull-up 
resistor 
as shown 
in Figure 
5_ In 


The 
terms 
referred 
to 
in 
the 
electrical 
characteristics 


tables 
are 
as 
defined 
in Figure 
6. 
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REXT 
(2k 
TO 
10k) 


lOGIC 
INPUT 


(Villi) 


ReXT 
(2k TO 
10k) 


lOGIC 
INPUT 
(V,,) 


SHUNT -"" 
ELEMENT 


AUDIO 
RIN 
SIGNAL 
INPUT 


C\I5 
Typical Applications 
(Continued) 


Lt):I:< 
3..channel Multiplexer 
with Sample and Hold 


2 r - - 
AH'5009tAH5ii1O 
- 
--, 
I 
I 
I 
I 
I 


CHARACTERISTICS: 
TYPICAL 
OUTPUT 
VOLTAGE 
DRIFT 


<SmV/sec 


12.5k r-------, 
I 
I 


25k 
I 


-, 
I 
201 
I 
I 
I 
I 
I 
I 
I 
\ 
I 
I-=- 
I 
L_~5!!!!._.J 


, 
16 i 


1 
J 
I 


8 
9 


4 OR 8 


3 OR 7 


Af fG1 1, + Gi 
12 + 6313 + G414 + 


G5 Is 
-+ 
G6 16 
-+ 
G7 17 
-+ 
Gi 
18 


16 
16 
16 
16 


Note: 
The switch 
is "ON" 
when 
G is at OV 


(logic "0") 


V. 
1:- 


R 


» 
Typical Applications 
(Continued) 
::I: 
(11 


10k 
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E1N1 
0 
I 
~CD 
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Note: The analog switch between the op amp and the 16 input 
switches reduces the errors due to leakage. 


All resistors are 10k 
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BI-FET Technology 
Quad SPST JFET Analog Switches 


LF11331/LF13331 
4 Normally 
Open Switches 
with Disable 


LF113321LF13332 4 Normally 
Closed Switches 
with Disable 


LF11333/LF133332 
Normally 
Closed Switches 
and 2 Normally 
Open Switches 
with Disable 


LF11201/LF13201 
4 Normally 
Closed Switches 


LF11202lLF132024 
Normally 
Open Switches 


General 
Description 


These devices are a monolithic 
combination 
of bipolar 
and 
JFET 
technology 
producing 
the 
industry's 
first 
one chip quad JFET switch. A unique circuit technique 
is employed 
to maintain 
a constant resistance over the 
analog voltage range of ±1OV. The input is designed to 
operate from minimum TTL levels, and switch operation 
also ensuresa break-before-make action. 
Features 


• 
Analog signals are not loaded 


• 
Constant "ON" 
resistance for signals up to ±10V and 
100 kHz 


• 
Pin compatible 
with 
CMOS switches with 
the advan- 
tage of blowout 
free handling 


• 
Small signal analog signals to 50 MHz 


• 
Break-before-make action 


• 
High open switch isolation at 1.0 MHz 


• 
Low leakage in "OFF" 
state 


• 
TTL, DTL, RTL compatibility 


• 
Single disable pin opens all switches in package on 
LF11331, 
LF11332, LFl1333 


• 
LFl1201 
is pin compatible with DG201 


tOFF < tON 


-50 dB 


<1.0 nA 


These devices operate from 
± 15V supplies and swing a 


±10V analog signal. The JFET switches are designed for 
applications 
where a dc to 
medium 
frequency 
analog 
signal needs to be controlled. 


Connection 
Diagrams 
(Dual-In-Line Packagesl (All Switches Shown are For Logical "0") 


LFl1331/LF13331 
LFl1332/LF13332 
LFl1333/LF13333 


Order Number LF11201D, 
LF13201D, 
LFl1202D, 
LF13202D, 
LFl1331D, 


LF13331D, 
LFl1332D, 
LF13332D, 
LFl1333D, 
or LF13333D 
See NS Package D16C 


Order Number LF13201 N, 
LF13202N,LF13331N,LF13332N. 
or LF13333N 
See NS Package N16A 
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Absolute 
Maximum 
Ratings 


Positive Supply ~ Negative Supply {Vcc-VEEI 
36V 
Operating 
Temperature 
Range 
Reference Voltage 
Vee s:. VA ~ 
Vcc 
LF11201, 
2 and LF11331, 
2, 3 
-55°C 
to +125°C 
Logic Input Voltage 
VA -4.0V 
~ V,N 
~ 
VA +6.0V 
LF13201,2and 
LF13331,2,3 
O°C to +70°C 
Analog Voltage 
V •• ~ V A 
~ Vee +6V; V A 
~ 
V •• 
+36V 
Storage 
Temperature 
--6SoC to +lSOoC 
Analog Current 
IIAI< 20 mA 
Lead Temperature 
(Soldering, 
10 seconds) 
3OO·C 
Power Dissipation (Note 1) 
Molded 
DIP IN Suffix) 
500mW 


Cavity 
DIP (0 Suffix) 
900mW 


Electrical 
Characteristics 
(Note 
2 ) 


LF11331/2/3 
LF13331/2/3 


SYMBOL 
PARAMETER 
CONDITIONS 
LF11201/2 
lF13201/2 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


RON 
"ON" 
Resistance 
VA :::0,10 
'" 1 mA 
TA 
: 25°C 
150 
200 
150 
250 
n 


200 
300 
200 
350 
n 


RON 
Match 
"ON" 
Resistance 
Matching 
TA 
'" 2SoC 
5 
20 
10 
50 
n 


VA 
Analog 
Range 
::!::10 
!:11 
±10 
±11 
V 


ISION) 
+ 
Leakage Current 
in "ON" 
Condition 
Switch 
"ON," 
Vs '" Vo::: 
±lQV 
TA=2SoC 
0.3 
5 
0.3 
10 
nA 


IOION) 
3 
100 
3 
30 
nA 


ISIOFF) 
Source 
Current 
in "OFF" 
Condition 
Switch 
"OFF," 
Vs 
= +10V, 
TA = 25°C 
0.4 
5 
0.4 
10 
nA 


Vo '" -lOV 
3 
100 
3 
30 
nA 


IOIOFF) 
Drain Current 
in "OFF" 
Condition 
Switch "OFF," 
Vs '" +lOV, 
TA "'25°C 
0.1 
5 
0.1 
10 
nA 


Vo '" -lOV 
3 
100 
3 
30 
nA 


VtNH 
Logical "1" 
Input Voltage 
2.0 
2.0 
V 


VINL 
Logical "0" 
Input Voltage 
0.8 
0.8 
V 


IINH 
Logical "1" Input Current 
VIN '" 5V 
TA 
: 25°C 
3.6 
10 
3.6 
40 
~A 


25 
100 
~A 


IINL 
Logical "0" Input Current 
VIN.: 
0.8 
TA 
'" 25°C 
0.1 
0.1 
~A 


1 
1 
~A 


tON 
Delay Time "ON" 
Vs '" +-lOV, (Figure 
3) 
T A 
'" 25"C 
500 
500 
ns 


tOFF 
Delay Time "OFF" 
Vs '" ±10V, 
(Figure 
3) 
T A 
'" 25"C 
90 
90 
ns 


tON - tOFF 
Break·Before-Make 
Vs '" !10V, 
(Figure 
3) 
T A 
'" 25"C 
80 
BO 
ns 


CS(OFFI 
Source Capacitance 
Switch "OFF," 
Vs '" ± 10V 
TA 
'" 25°C 
4.0 
4.0 
pF 


CO(OFFI 
Drain Capacitance 
Switch "OFF," 
Vo: 
±lOV 
TA 
'" 25°C 
3.0 
3.0 
pF 


Cs(ONI + 
Active Source and Drain Capacitance 
Switch "ON," 
Vs '" Vo '" OV 
TA 
'" 25°C 
5.0 
5.0 
pF 


COIONI 


ISOIOFF) 
"OFF" 
Isolation 
(Figure 
4), (Note 3) 
TA = 25"C 
-50 
-50 
dB 


CT 
Crosstalk 
(Figure 
4). (Note 3) 
TA 
'" 25 C 
-65 
-65 
dB 


SR 
Analog Slew Rate 
(Note 4) 
T A 
'" 2Soc 
50 
50 
V/jJ.s 


10ls 
Disable Current 
(Figure 
51. (Note 
5) 
TA = 25°C 
0.4 
1.0 
0.6 
1.5 
mA 


0.6 
1.5 
0.9 
2.3 
mA 


'ee 
Negative Supply Current 
All Switches 
"OFF," 
Vs '" !10V 
T A 
'" 2SoC 
3.0 
5.0 
4.3 
7.0 
mA 


4.2 
7.5 
6.0 
10.5 
mA 


IR 
Reference 
Supply Current 
All Switches 
"OFF," 
Vs '" ±10V 
TA 
"" 25°C 
2.0 
4.0 
2.7 
5.0 
mA 


2.8 
6.0 
3.8 
7.5 
mA 


Ice 
Positive Supply Current 
All Switches 
"OFF," 
Vs '" ±lOV 
TA 
'" 2SoC 
4.5 
6.0 
7.0 
9.0 
mA 


6.3 
9.0 
9.8 
13.5 
mA 


Note 
1: 
For 
operating 
at 
high 
temperature 
the 
molded 
DIP 
products 
must 
be derated 
based 
on 
a +l00°C 
maximum 
junction 
temperature 
and 
a 


thermal 
resistance 
of 
+150°C/W, 
devices 
in the 
cavity 
DIP 
are 
based 
on 
a +150°C 
maximum 
junction 
temperature 
and 
are derated 
at +l00°C/W. 


Note 
2: 
Unless 
otherwise 
specified, 
VCC 
'" +15V, 
VEE 
= -15V, 
VR 
= av, and 
limits 
apply 
for -55°C 
< T A < +125°C 
for 
the 
LF11331, 
2, 3 and 


the LF11202.2,-25·C~TA~+85·Cforthe 
LF13331,2,3 
and the LF13201,2. 
- 
- 


Note 
3: These 
parameters 
are limited 
by the 
pin 
to pin 
capacitance 
of the 
package. 


Note 
4: This 
is the 
analog 
signal 
slew 
rate 
above 
which 
the 
signal 
is distorted 
as a result 
of finite 
interna\ 
slew 
rates. 


Note 
5: 
All switches 
in the 
device 
are 
turned 
"OFF" 
by 
saturating 
a transistor 
at 
the 
disable 
node 
as shown 
in Figure 5. The 
delay 
times 
will be 


approximately 
equal 
to the 
tON 
or tOFF 
plus 
the 
delay 
introduced 
by the 
external 
transistor. 


Note 
6: 
This 
graph 
indicates 
the 
analog 
current 
at 
which 
1% of 
the 
analog 
current 
is lost 
when 
the 
drain 
is positive 
with 
respect 
to 
the 
source. 


Test Circuit 
and Typical Performance 
Curves 


Delay 
Time, 
Rise Time, 
Settling 
Time, 
and Switching 
Transients 
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FIGURE 
3. 
tON. 
tOFF 
Test Circuit 
and Waveforms 
for a Normally 
Open 
Switch 
. 
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4. "OFF" 
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Crosstalk, 
Small 
Signal 
Response 
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and "OFF" 
Isolation 
vs Frequency 
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of Figure 5 
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These 
devices 
are monolithic 
quad 
JFET 
analog 
switches 


with 
"ON" 
resistances 
which 
are essentially 
independent 


of analog 
voltage 
or analog 
current. 
The 
leakage 
currents 


are typically 
less than 
1 nA at 25°C 
in both 
the 
"OFF" 


and 
"ON" 
switch 
states 
and 
introduce 
negligible 
errors 


in most 
applications. 
Each 
switch 
is controlled 
by mini- 


mum 
TTL 
logic levels at its input 
and is designed 
to turn 


"OFF" 
faster 
than 
it will turn 
"ON." 
This prevents 
two 


analog 
sources 
from 
being transiently 
connected 
together 


during 
switching. 
The 
switches 
were 
designed 
for 
appli- 


cations 
which 
require 
break-before-make 
action, 
no 


analog 
current 
loss, 
medium 
speed 
switching 
times 
and 


moderate 
analog 
currents. 


Because 
these 
analog 
switches 
are 
JF ET 
rather 
than 


CMOS, 
they 
do not 
require 
special 
handling. 


The logic 
input 
(INl. 
of each 
switch, 
is referenced 
to two 


forward 
diode 
drops 
(lAV 
at 25°C) 
from 
the 
reference 


supply 
(V R) 
which 
makes 
it compatible 
with 
DTL, 
RTL, 


and 
TTL 
logic 
families. 
For 
normal 
operation, 
the 
logic 


"0" 
voltage 
can 
range 
from 
O.BV to -4.0V 
with 
respect 


to V R and 
the 
logic 
"1" 
voltage 
can range 
from 
2.0V 
to 


6.0V 
with 
respect 
to 
VR, 
provided 
V'N 
is not 
greater 


than 
(Vee 
- 2.5V). 
If the 
input 
voltage 
is greater 
than 


(Vee 
- 
2.5V), 
the 
input 
current 
will 
increase. 
If the 
input 
voltage 
exceeds 
6.0V 
or 
-4.0V 
with 
respect 
to 


V R' 
a resistor 
in series 
with 
the 
input 
should 
be used 
to 
limit 
the 
input 
current 
to less than 
lOOIlA. 


ANALOG 
VOLTAGE 
AND CURRENT 


Analog 
Voltage 


Each 
switch 
has 
a constant 
"ON" 
resistance 
(RON) 
for 


analog 
voltages 
from 
(V EE + 5V) 
to 
(Vee 
- 5V). 
For 


analog 
voltages 
greater 
than 
(Vee 
- 5Vl. 
the 
switch 
will 


remain 
ON 
independent 
of the 
logic 
input 
voltage. 
For 


analog 
voltages 
less than 
(VEE + 5VI, 
the 
ON resistance 


of the 
switch 
will 
increase. 
Although 
the switch 
will not 


operate 
normally 
when 
the 
analog 
voltage 
is out 
of the 
previously 
mentioned 
range, 
the source 
voltage 
can go to 


either 
(V EE + 36V) 
or 
(Vee 
+ 6Vl. 
whichever 
is more 


positive, 
and 
can 
go as negative 
as V EE without 
destruc· 
tion. 
The 
drain 
(D) 
voltage 
can 
also 
go 
to 
either 


(V EE + 36V) 
or 
(Vee 
+ 6Vl. 
whichever 
is more 
posi- 
tive, 
and 
can 
go 
as negative 
as 
(Vee 
- 
36V) 
without 


destruction. 


With 
the 
source 
(SI 
positive 
with 
respect 
to 
the 
drain 


(Dl. 
the 
RON 
is constant 
for 
low 
analog 
currents, 
but 


will 
increase 
at higher 
currents 
(>5 
mAl 
when 
the 
FET 


enters the saturation 
region. 
However, 
jf 
the 
drain is 


positive 
with 
respect 
to 
the 
source 
and 
a small 
analog 


current 
loss at high analog 
currents 
(Note 
6) is tolerable, 
a low 
RON can be maintained 
for analog 
currents 
greater 
than 
5 mA at 25°C. 


The 
drain 
and 
source 
leakage 
currents, 
in both 
the 
ON 
and the OFF 
states 
of each 
switch, 
are typically 
less than 


1 nA at 25°C 
and 
less than 
100 nA at 125°C. 
As shown 
in the 
typical 
curves, 
these 
leakage 
currents 
are depend- 
ent 
on power 
supply 
voltages, 
analog 
voltage, 
analog 
cur- 


rent 
and the source 
to drain 
voltage. 


The 
delay 
time 
OFF 
(tOFF) 
is essentially 
independent 
of 
both 
the analog 
voltage 
and temperature. 
The delay 
time 
ON 
(tON) 
will 
decrease 
as either 
(Vee 
- V A) 
decreases 


or the temperature 
decreases. 


POWER 
SUPPLIES 


The 
voltage 
between 
the 
positive 
supply 
(Veel 
and 


either 
the 
negative 
supply 
(VEEI or the reference 
supply 
(VR) 
can 
be as much 
as 36V. 
To 
accommodate 
varia- 
tions 
in 
input 
logic 
reference 
voltages, 
V R 
can 
range 


from 
VEE 
to 
(Vee-4.5VI. 
Care 
should 
be 
taken 
to 


ensure 
that 
the 
power 
supply 
leads 
for the 
device 
never 
become 
reversed 
in polarity 
or 
that 
the 
device 
is never 


inadvertantly 
installed 
backwards 
in a test 
socket. 
If one 


of 
these 
conditions 
occurs, 
the 
supplies 
would 
zener 
an 
interal 
diode 
to 
an 
unlimited 
current; 
and 
result 
in a 


destroyed 
device. 


When 
a switch 
is turned 
OF F 
or 
ON, 
transients 
will 
appear 
at the 
load due to the 
internal 
transient 
voltage 
at 


the 
gate 
of the 
switch 
JF ET being 
coupled 
to the 
drain 
and 
source 
by 
the 
junction 
capacitances 
of 
the 
JFET. 


The 
magnitude 
of 
these 
transients 
is dependent 
on the 


load. 
A lower 
value 
R L produces 
a lower 
transient 
volt- 


age. 
A negative 
transient 
occurs 
during 
the 
delay 
time 


ON, 
while 
a positive 
transient 
occurs 
during 
the 
delay 


time 
OFF. 
These 
transients 
are 
relatively 
small 
when 
compared 
to faster 
switch 
families. 


This 
node 
can 
be used, 
as shown 
in Figure 
5, to turn 
all 
the 
switches 
in the 
unit 
off 
independent 
of logic inputs. 


Normally, 
the 
node 
floats 
freely 
at 
an 
internal 
diode 
drop 
('" 0.7V) 
above 
V R' When the external 
transistor 
in 


Figure 
5 is saturated, 
the 
node 
is pulled 
very close 
to V R 
and 
the 
unit 
is disabled. 
Typically, 
the current 
from 
the 


node 
will be less than 
1 mA. 
This 
feature 
is not availa- 


ble on the 
LFl1201 
or LFl1202 
series. 
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LF1150a/LF1350a a-Channel Analog Multiplexer 
LF11509/LF13509 4-Channel Differential Analog Multiplexer 


General 
Description 


The 
LF11508/LF13508 
is an 8-channel 
analog multi- 
plexer which 
connects the output 
to 1 of the 8 analog 
inputs depending on the state of a 3-bit 
binary 
address. 
An 
enable 
control 
allows 
disconnecting 
the 
output, 
thereby 
providing a package select function. 


This 
device 
is fabricated 
with 
National's 
BI-FET 
tech- 


nology 
which 
provides 
ion-implanted 
JFETs 
for 
the 
analog switch 
on the same chip 
as the bipolar 
decode 
and 
switch 
drive 
circuitry. 
This 
technology 
makes 
possible 
low 
constant 
"ON" 
resistance 
with 
analog 
input 
voltage 
variations. 
This 
device 
does not 
suffer 
from 
latch-up 
problems 
or 
static 
charge 
blow-out 
problems 
associated 
with 
similar 
CMOS 
parts. 
The 
digital 
inputs 
are designed to operate from 
both 
TTL 
and 
CMOS 
levels while 
always 
providing 
a definite 
break-before-make 
action. 


The LF11509/LF13509 
is a 4-channel differential 
analog 
multiplexer. 
A 2-bit 
binary 
address will 
connect a pair 


of independent 
analog inputs 
to one of any 4 pairs of 


independent 
analog 
outputs. 
The 
device 
has all 
the 


features 
of 
the 
LF11508 
series and 
should 
be used 


whenever differential 
analog inputs are required. 


Features 


• 
JFET switches rather than CMOS 


• 
No static discharge blow-out 
problem 


• 
No SCR latch-up problems 


• 
Analog signal range 11V, -15V 


• 
Constant "ON" 
resistance for analog signals between 


-11V 
and 11V 


• 
"ON" 
resistance 380 n typ 


• 
Digital inputs compatible 
with TTL and CMOS 


• 
Output 
enable control 


• 
Break-before-make 
action: 
tOFF 
= 0.2 IlS; 
tON 
2 IlS typ 


• 
Lower leakage devices available 
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LF11S08. 
LF13S08. 


LF11S09 
LF13S09 


Positive Supply 
- 
Negative Supply 
(VCC 
- 
VEE) 
36V 
36V 
- 


Positive Analog 
Input 
Voltage 
(Note 
1) 
VCC 
VCC 


Negative 
Analog 
Input 
Voltage 
(Note 
11 
-VEE 
-VEE 


Positive Digital 
Input 
Voltage 
VCC 
VCC 


Negative 
Digital 
Input 
Voltage 
-SV 
-SV 


Analog Switch 
Current 
1151 < 10mA 
1151 < 10mA 


Power Dissipation 
(PO at 2S0C) and Thermal 


Resistance 
(OjA). 
(Note 2) 


Molded 
DIP IN) 
Po 
- 
500 mW 


OjA 
- 
1S0°C/W 


Cavity 
DIP (D) 
Po 
900mW 
900mW 


°jA 
100°C/W 
lOO°C/W 


Maximum 
Junction 
Temperature 
(TjMAX) 
150°C 
100°C 


Operating 
Temperature 
Range 
-j';SoC:,: 
TA:S; +12SoC 
o°c $ TA:S; +70°C 


Storage 
Temperature 
Range 
~SOC 
to +lSO°C 
~SOCto+1SO°C 


Lead Temperature 
(Soldering, 
60 seconds) 
300°C 
300°C 


Electrical 
Characteristics 
(Note 31 


LFl1508. 
LFl1509 
LF13508. LF13509 
SYMBOL 
PARAMETER 
CONOITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


RON 
"ON" 
Resistance 
VOUT=OV.IS= 
100"A 
TA = 25°C 
380 
500 
380 
650 
n 


600 
750 
500 
850 
n 


C>RON 
LiRON 
with 
Analog 
Voltage 
-lOV:S; VOUT:S; +10V. IS = 100"A 
TA = 25°C 
0.01 
1 
0.01 
1 
% 


SWing 


RON 
Match 
RON 
Match 
Between 
Switches 
VOUT = OV. is = 100"A 
TA'" 
2SoC 
20 
100 
20 
150 
n 


IS(OFFI 
Source 
Current 
in "OFF" 
Switch 
"OFF", 
VS= 
11. Vo 
= -11, 
TA = 25 C 
1 
5 
nA 


Condition 
(Note 
4) 
10 
50 
0.09 
50 
nA 


IO(OFFI 
Drain 
Current 
in "OFf" 
Switch 
"OFF", 
VS= 
11, VD 
= -11, 
TA=25°C 
10 
20 
nA 


Condition 
(Note 
4) 
25 
500 
0.6 
500 
nA 


IOION) 
Leakage 
Current 
in "ON" 
Switch 
"ON" 
VD 
= llV, 
(Note 
4) 
TA = 25°C 
10 
20 
nA 


Condition 
35 
500 
1 
500 
nA 


VINH 
Digital 
"1" 
Input 
Voltage 
2.0 
2.0 
V 


VINL 
Digital 
"a" Input 
Voltage 
0.7 
0.7 
V 


I 


IINL 
Digital 
"0" 
Input 
Current 
VIN = 0.7V 
TA=25°C 
1.5 
20 
1.5 
30 
"A 


40 
40 
"A 


IINL(ENJ 
Digital 
"0" 
Enable 
Current 
VEN = 0.7V 
TA = 25"C 
1.2 
20 
1.2 
30 
"A 


40 
40 
"A 


tTRAN 
Switching 
Time 
of Multiplexer 
(Figure 
1), (Note 
51 
TA = 25°C 
2.0 
3 
1.8 
"s 


'OPEN 
Break-Before·Make 
(Figure 
3) 
TA = 25°C 
1.6 
1.6 
"' 
'ONIENJ 
Enable 
Delay 
"ON" 
(Figure 
2) 
TA = 25°C 
1.6 
1.6 
"' 
'OFFIENI 
Enable 
Delay 
"OFF" 
(Figure 
2) 
TA = 25"C 
0.2 
0.2 
"' 
ISOIOFF) 
"OFF" 
Isolation 
(Note 
6) 
TA 
= 2SoC 
-66 
-66 
dB 


CT 
Crosstalk 
LF 11509 
Series, (Note 
6) 
TA = 25°C 
-66 
-66 
d8 


CSIOFFI 
Source 
Capacitance 
("OFF") 
Switch 
"OFF", 
VOUT = av. 
TA = 25°C 
2.2 
2.2 
pF 
Vs = OV 


COIOFFI 
Drain 
Capacitance 
("OF 
F") 
Switch 
"OFF", 
VOUT 
c OV. 
TA = 25"C 
11.4 
11.4 
pF 
Vs = OV 


ICC 
Positive 
Supply 
Current 
All 
Digital 
Inputs 
Grounded 
TA = 25°C 
7.4 
10 
7.4 
12 
mA 


9.2 
13 
7.9 
15 
mA 


lEE 
Negative 
Supply 
Current 
All 
Digital 
Inputs 
Grounded 
TA = 25 C 
27 
4.5 
2.7 
5 
mA 


2.9 
5.5 
2.8 
6 
mA 


Note 
1: 
If the analog 
input 
voltage 
exceeds 
this 
limit. 
the input 
current 
should 
be limited 
to less than 
10 mA. 


Note 
2: 
The 
maximum 
power 
dissipation 
for 
these 
devices 
must 
be derated 
at elevated 
temperatures 
and 
is dictated 
by TjMAX. 
9jA. 
and 
the 
ambient 
temperature. 
T A. The 
maximum 
available 
power 
dissipation 
at any 
temperature 
is PD= (TjMAX 
- 
T AI!8jA 
or the 25°C 
PDMAX. 
which· 
ever is less. 
Note 
3: 
These 
specifications 
apply 
for Vs = ±15V and over the absolute 
maximum 
operating 
temperature 
range 
ITL ~ TA S TH) unless 
otherwise 
noted. 


Note 
4: 
Conditions 
applied 
to 
leakage 
tests 
insure 
worse 
case 
leakages. 
Exceeding 
11 V on 
the 
analog 
input 
may 
cause 
an "OF F" 
channel 
to 
turn 
"ON". 


Note 
5: 
Lots are sample 
tested 
to this parameter. 
The measurement 
conditions 
of Figure 
1 insure 
worse 
case transition 
time. 


Note 
6: 
"OFF" 
isolation 
is measured 
with 
all switches 
"OFF" 
and 
driving 
a source. 
Crosstalk 
is measured 
with 
a pair of switches 
"ON". 
driving 
channel 
A and measuring 
channel 
B. RL = 200, 
CL = 7 pF. Vs = 3 Vrms. 
f = 500 
kHz. 
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Order Number 
LFl150BD 
or LF1350BD 
See NS Package D16C 


Order Number 
LF1350BN 
See NS Package N 16A 
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Order Number 
LFl1509D 
or LF13509D 
See NS Package D16C 


Order Number 
LF13509N 
See NS Package N16A 
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JF ETs in a switch 
configuration 
which 
insures 
a constant 
"ON" 
resistance 
over 
the 
analog 
voltage 
range 
of 
the 
device. 
Four 
TTL 
compatible 
inputs 
are 
provided; 
a 
3-bit 
binary 
decode 
to select 
a particular 
channel 
and an 
enable 
input 
used 
as 
a 
package 
select. 
The 
switches 
operate 
with 
a break-before-make 
action 
preventing 
the 
temporary 
connection 
of 
2 
analog 
inputs 
during 


switching. 
Because 
these 
multiplexers 
are fabricated 
with 


the 
BI-FET 
process 
rather 
than 
CMOS, 
they 
do 
not 
require 
special 
handling. 


The 
LF 11509 
series 
is a 4-channel 
differential 
multi- 
plexer 
which 
allows 
two 
loads 
to be connected 
to 
1 of 
4 different 
pairs 
of 
analog 
inputs. 
The 
LFl1509 
series 
also has all the features 
of the 
LF 11508. 


The 
"ON" 
resistance, 
RON, 
of 
the 
analog 
switches 
is 
constant 
over 
a wide 
input 
range 
from 
positive 
(V CC) 
supply 
to negative 
(-VEEI 
supply. 


The 
analog 
input 
should 
not 
exceed 
either 
positive 
or 
negative 
supply 
without 
limiting 
the 
current 
to 
less 
than 
10 mA; otherwise 
the 
multiplexer 
may get damaged. 
For 
proper 
operation, 
however, 
the 
positive 
analog 
voltage 
should 
be kept 
equal 
to or less than 
VCC 
- 
4V 
as 
this 
will 
increase 
the 
switch 
leakage 
in both 
"ON" 
and "OFF" 
state 
and it may also cause 
a false turn 
"ON" 
of a normally 
"OFF" 
switch. 
This 
limit 
applies 
over the 
full temperature 
range. 


The 
maximum 
allowable 
switch 
"ON" 
voltage 
(the drop 
across 
the 
switch 
in the 
"ON" 
condition) 
is ±Oo4V over 
temperature. 
If 
this 
number 
is to 
exceed 
the 
input 


current 
should 
be limited 
to 10 mA. 


The 
"ON" 
resistance 
of 
the 
multiplexing 
switches 
varies 
sl ightly 
with 
analog 
current 
because 
they 
are 
JFETs 
running 
at OV gate 
to source. 
The 
JFET 
charac- 


teristics 
shown 
in Figure 
4 
indicates 
how 
RON 
tends 
to 
vary 
with 
current. 
A 
lower 
RON 
is possible 
when 


the 
source 
voltage 
is negative 
with 
respect 
to the 
drain 
voltage 
because 
the 
JFET 
becomes 
enhanced. 
Caution 


should 
be 
used 
when 
operating 
in 
this 
mode 
as 
this 
may 
forward-bias 
an 
internal 
transistor 
and 
cause 
high 


currents 
to flow 
in the 
switches. 
Thus, 
the drain 
voltage 
should 
never 
be greater 
than 
004 V positive 
with 
respect 


1.6 


1.2 
-zc~ 
0.8 


0.4 


, 


s 


-~ 


0 


V 


Leakage 
currents 
will 
remain 
within 
the 
specified 
value 
as long 
as the 
drain 
and 
source 
remain 
within 
the speci- 


fied 
analog 
voltage 
range. 
As the switch 
terminals 
exceed 


the 
positive 
analog 
voltage 
range 
"ON" 
anq 
"OFF" 


leakage 
currents 
increase. 
The 
"ON" 
leakage 
increases 


due 
to 
an 
internal 
clamp 
required 
by the 
switch 
struc- 
ture. 
The 
"OFF" 
leakage 
increases 
because 
the 
gate 
to 
source 
reverse 
bias 
has 
been 
decreased 
to 
the 
point 
where 
the 
switch 
becomes 
active. 
Leakage 
currents 
vary 
slightly 
with 
analog 
voltage 
and 
will 
approximately 
double 
for every 
10°C 
rise in temperature. 


These 
multiplexers 
operate 
with 
a break-before-make 
switch 
action. 
The 
turn 
off 
time 
is much 
faster 
than 
the 
turn 
on time 
to guarantee 
this 
feature 
over 
the 
full 
range 
of analog 
input 
voltage 
and temperature. 
Switching 
transients 
are introduced 
when 
a switch 
is turned 
"OFF". 


The 
amplitude 
of 
these 
transients 
may 
be 
reduced 
by 
increasing 
the 
load 
capacitance 
or 
decreasing 
the 
load 


resistance. 
The 
actual 
charge 
transfer 
in 
the 
transient 


may 
be 
reduced 
by 
operating 
on 
reduced 
power 
sup- 


pi ies. 
Examples 
of 
switching 
times 
and 
transients 
are 
shown 
in 
the 
typical 
characteristic 
curves. 
The 
enable 


function 
switching 
times 
are 
specified 
separately 
from 
switch-to-switch 
transition 
times 
and 
may 
be 
thought 
of as package-to-package 
transition 
times. 


Switch 
selection 
in the 
LF 11508 
series 
is accomplished 
by using 
a 3-bit 
binary 
decode 
while 
the 
LF 11509 
series 


uses a 2-bit 
decode. 
These 
binary 
logic inputs 
are compa- 


tible 
with 
both 
TTL 
and 
CMOS 
logic 
voltage 
levels. 


The 
maximum 
positive 
voltage 
applied 
to 
these 
inputs 


may 
exceed 
VCC 
but 
should 
not 
exceed 
-VEE 
+ 36V. 


The 
maximum 
negative 
voltage 
should 
not 
be less than 
4V below 
ground 
as this 
will cause 
an internal 
device 
to 
zener 
and all the switches 
will turn 
"ON". 


As shown 
in the 
schematic 
diagram, 
the 
logic 
low 
bias 


current 
will flow 
until 
the 
PNP 
input 
is raised 
above 
the 
3 diode 
reference 
("" 2.1 V). Above 
this voltage 
the 
input 


device 
becomes 
reverse 
biased 
and 
the 
input 
current 
drops 
to 
the 
leakage 
of 
the 
reverse 
biased 
junction 
«0.1 
J1AI. 
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Analog 
multiplexers 
(MUX) 
are 
usually 
used 
for 
multi- 


channel 
Data 
Acquisition 
Units 
(DAU). 
Figure 5 shows 
a 


system 
in which 
8 different 
analog 
inputs 
are sampled 


and 
converted 
into 
digital 
words 
for 
further 
processing. 


The 
sample 
and 
hold 
circuit 
is optional, 
depending 
on 
input 
speed 
requirements 
and 
on 
A/D 
converter 
speed. 


Parameters 
characterizing 
the system 
are: 


System 
Channels: 
The 
number 
of multiplexer 
channels. 


Accuracy: 
The 
conversion 
accuracy 
of 
each 
individual 


sample 
with 
the system 
operating 
at the throughput 
rate. 


Speed 
or Throughput 
Rate: 
Number 
of samples/second/ 
channel 
the system 
can handle. 


For 
a discussion 
on 
system 
structure, 
addressing 
mode 


and 
processor 
interfacing, 
see application 
note 
AN-159. 


1. Multiplexer's 
Influence 
on System 
Accuracy 
(Fig- 
ure 6). 


a. 
The 
error, 
(E), caused 
by the finite 
"ON" 
resis- 


tance, 
RON, 
of 
the 
multiplexing 
switches 


is given 
by: 


100 
E(%)= 
----------- 
where: 
1 + RIN/(RON 
+ RS + ~RON) 


RIN = following 
stage 
input 
impedance 


~RON 
= "ON" 
resistance 
modulation 
which 
is 
negligible 
for 
JFET 
switches 
like 
the 
LFl1508 


Example: 
Let 
RON 
= 450 n, ~RON 
= 0, RS = 0, 
T A 
= 25°C 
and 
allowable 
E = 0.01% 
which 
is 


equivalent 
to 1/2 
LSB in a 12-bit 
system: 


RIN I 
RON 
(lOa-E) 
. 
= 
- 
4.5 Mn 
mln 
E 


Note 
that 
if 
temperature 
effects 
are 
included, 


some 
gain 
(or 
full 
scale) 
drift 
will 
occur; 
but 


effects 
on linearity 
are small. 


b. 
Multiplexer 
settling 
time 
(ts): 


ts(ONI' 
is the 
time 
required 
for 
the 
MUX 
output 


to 
settle 
within 
a 
predetermined 
accuracy, 
as 


shown 
in Table 
I. 


Cs 
(Figure 
6): 
MUX 
output 
capacitance 
+ fol- 
lowing 
stage 
input 
capacitance 
+ any 
stray 
capaci- 


tance 
at this node. 


PRECONDITIONED 
[ 


ANALOG INPUTS 
1 n BITS WORD 


ERROR 
% 
BITS 
ts(ON) 
TO 1/2 
LSB 


0.2 
8 
6.2t 


0.05 
10 
7.6t 


0.01 
12 
9t 


0.0008 
16 
11.8t 


ts(OFFI' 
is 
the 
time 
it 
takes 
to 
discharge 
Cs 
within 
a tolerable 
error. 
The 
"OFF" 
settling 
time 
should 
be 
taken 
into 
account 
for 
bipolar 
inputs 


where 
its 
effects 
will 
appear 
as 
a 
worse 
case 


doubling 
of the ts(ON). 


The 
sample 
and 
hold, 
if 
used, 
also 
introduces 


errors 
into 
the system 
accuracy 
due to: 


• 
Offset 
voltage 
of sample 
and hold 


• 
Droop 
rate 
in the Hold 
mode 


• 
T A: 
Aperture 
time 
or time 
delay 
between 
the 


time 
of a digital 
Hold 
command 
and 
the 
actual 
Hold occurance 


• 
Taq: 
Acquisition 
time 
or 
time 
it 
takes 
to 


acquire 
an analog 
input 
and 
settle 
within 
a pre· 


determined 
error 
band 


• 
Hold 
step: 
Error 
created 
during 
the 
Sample 
to 


Hold 
mode 
caused 
by 
an 
undesirable 
charge 


injected 
into 
the 
Hold capacitor 
Ch. 


For 
more 
details 
on 
sample 
and 
hold 
errors, 
see 


the 
LF 198/LF298/LF398 
data 
sheet. 


3. A/D 
Converter 
Influence 
on System 
Accuracy 


The 
"accuracy" 
of 
the 
A/D 
converter 
is the 
best 
possible 
system 
accuracy. 
In 
most 
data 
acquisi- 


tion 
systems, 
the A/D converter 
is the 
most 
expen- 


sive 
single 
component, 
so 
its 
error 
will 
often 
dominate 
system 
error. 
Care 
should 
be taken 
that 
MUX, 
S/H 
and 
input 
source 
errors 
do 
not 
exceed 


system 
error 
requirements 
when 
added 
to 
A/D 
errors. 
For 
instance, 
if an 
8·bit 
accuracy 
system 
is desired 
and 
an 8-bit 
A/D 
converter 
is used, 
the 


accuracy 
of 
the 
MUX 
and 
S/H 
should 
be 
far 


better 
than 
8 bits. 


For 
details 
on 
A/D 
converter 
specifications, 
see 


AN-156. 


CDo 
Lt) 
CW) 
LL 
....J 
0;o 
Lt) 
T"" 
LL 
....J 
as 


~ 
CW) 
LL 
....J 


COo 
Lt) 
T"" 
T"" 
LL 
....J 


In the system of Figure 5 with the S/H omitted, 
if n-bit 


accuracy 
is desired, 
the 
change of 
the 
analog input 


voltage should be less than ±1/2 
LSB over the A/D con- 


version time TC. In other words, the analog input slew 
rate, (rate of change of input voltage), will cause a slew- 
induced error and its magnitude, with respect to the total 
system error, will depend on the particular 
application . 


t.VIN 
I 
~ 
< 


max 


±1/2 LSB 
----- 


TC 


where VFS is the full scale voltage of the A/D. Note that 
slew induced errors are not affected by the MUX switch 
time 
since we 
can let the 
unit 
settle 
before starting 


conversion. 


Example:Let 
TC = 40 IlS (MM4357l, 
VFS = 10V and 
n = B. 


t.VIN I 
t.t 
< 


max 


which is a very small number. A 10 Vp-p sine wave of 
a frequency 
greater than 32 Hz will 
have higher slew 
rate than this. The maximum 
throughput 
rate of the 
above 8-channel 
system would 
be calculated 
using 


both the A/D conversion time and the sum of MUX 
switch "ON" 
time and settling time, i.e.: 


Th. RI 
= 
1 
= 3k samples/sec/ 


max 
8 (TC + TMUX) 
channel 


Also 
notice 
that 
Nyquist 
sampling 
criteria 
would 


allow 
each channel to 
have a signal bandwidth 
of 
1.5 kHz max, while 
the slew limit 
dictates a maxi- 
mum frequency 
of 32 Hz. If the input 
signal has a 
peak-to-peak 
voltage 
less than 
10V, 
the allowable 
maximum 
input 
frequency 
can be calculated 
by: 


(Slew Rate)max 


rr Vp-p 


On the other 
hand, if 
the 
input 
voltage is not band· 
limited 
a low pass filter 
with an attenuation 
of 30 dB or 


better 
at 
1.5 
kHz, 
should 
be connected 
in front 
of 


the MUX. 


1. Improving 
System Speed with 
a Sample and Hold 


The system speed can be improved 
by using the 


S/H shown in Figure 5. This allows a much greater 
rate of change of VIN. 


t.VIN I 
VFS 


t. 
< --- 
t 
max 
2n x TA 


where TA is the aperture time of the S/H. This 
represents an input 
slew rate improvement 
by a 
factor: 
TC/T A. Here again, the slew rate error is 


not affected by the acquisition time of the Sample 
and Hold since conversion will 
start after the S/H 
has settled. An important thing to notice is that 
the sample and hold errors will add to the total 
system error budget· therefore, the inequality of 
the t. VIN/t.t expression should 
become more 


stringent. 


So the use of a S/H allows a speed improvement 
by nearly two orders of magnitude. 


Notice 
that 
TMUX 
does 
not 
affect 
the 
t.VIN/t.t 


expression nor the throughput rate of the system since 
it 
may be switched 
and settled while 
the Sample and 


Hold 
is in the Hold 
mode. This is true, provided that: 


TMUX <TA 
+TC· 


The LF398 
S/H with a 1000 pF hold capacitor, has an 
acquisition 
time 
of 4 IlS to 0.1% (1/4 
LSB error for 8 


bits) and an aperture time of less than 200 IlS. On the 
other 
hand, after 
the hold command, 
the output 
will 


settle 
to 
±0.05 
mV 
in 
1 Ils- This, 
together 
with 
the 


acquisition 
time, 
introduces 
approximately 
a ±1/4 
LSB 
error. 
Allowing 
another 
1/4 
LSB error 
for 
hold 
step 


and gain non-linearity, 
the maximum 
slew error (t.VIN/ 


t.t) should not exceed 1/4 LSB or: 


t.VIN 
< 
t.t 
- 
4 


1 


x - 
x -- 
"" 5 mV/lls 


256 
TA 


(which 
is the maximum 
slew rate of a 5 V peak sine 


wave. Also 
notice 
that, 
due to 
the above input 
slew 


restrictions, 
the analog delay caused by the finite 
BW of 


the S/H and the digital 
delay caused by the response 


time of the controller 
will 
be negligible. The maximum 
throughput 
rate of the system is: 


1 
8 (5 + 40) 10-6 
- 
~~OO 
samples/sec/ 


If the system speed requirements 
are relaxed, but the 


A/D converter is still too slow, then an inexpensive S/H 
can be built 
by using just a capacitor 
and a low cost 


FET input op amp as shown in Figure 8. 
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This 
is done 
in two 
different 
ways. First, we can use 
second level multiplexing 
with 
speed benefits, as shown 
in Figure 
9. A fast 2-channel multiplexer, 
made by the 
dual analog switch AM 182, accepts the outputs 
of each 


8-channel MUX, 
LF13508, 
and then feeds them sequen- 
tially 
into an 8-bit successive approximation 
A/D conver- 
ter. 
With 
this 
technique, 
the throughput 
rate of 
the 
system 
can 
again 
be 
made 
independent 
of 
the 
the 
LF 13508 speed. Looking 
at the timing 
diagram, when 


the 
A/D 
converter 
converts 
the 
analog 
value 
of 
an 
upper 
multiplexer 
channel, 
we switch 
channels in the 
lower multiplexer 
for the next conversion. This can be 
done provided that: 


The 
LF356 
connected 
as unity 
gain buffers 
are used 
because of the low input 
impedance of the A/D; 
they 
are connected 
between 
multiplexers 
for speed optimi- 
zation. 
With 
a maximum 
clock 
frequency 
of 4.5 MHz: 


106 
Th. R = --- 
= 
31.25k samples/sec/channel 


16 x 2 


LlVIN 


Llt 
I 


10 
<- 
max 256 


1 
x-- 
21ls 


SAMPLE 
--, 
r 
HOLO---W 


An 
alternate 
way 
to 
increase the 
system 
channel 
is 
shown in Figure 
la, where the enable pins are used to 
disable one MUX while the other is sampling. With this 
method, many 8-channel multiplexers 
can be connected, 
but 
the 
parasitic 
capacitance 
at the common 
output 
node will 
keep increasing and will 
eventually 
degrade 
the settling time, ts(GN). 
Also, the MUX speed will now 
affect 
the 
system 
throughput. 
If, 
for 
instance, 
this 


method 
was used instead of second level multiplexing, 


the system of 
Figure 
9 will 
lose half of its speed. If, 


however, 
speed is not 
the 
prime 
system requirement, 
the approach of Figure 
10 is more cost effective. 


E. DIFFERENTIAL 
INPUT SYSTEMS 


Systems 
operating 
in 
industrial 
environments 
may 
require 
an instrumentation 
amplifier 
to 
separate the 
desired 
analog signal 
from 
any 
common·mode 
signal 
present. The LF 11509 was designed to provide 4 pairs of 
differential 
input signals to the input of an instrumenta· 


tion amplifier 
for further 
process. A 4-channel precondi- 


tioning 
circuit 
is shown 
in Figure 
11 and a complete 
system is shown in Figure 
12. 


• 
The acquisition time, TA. of the Sample and Hold depends upon: RON. 
IDSS of switches, lOUT 
of switches 


• 
lOSS'" 
1.5 mA, ZOUT 
= 40 kU 


• 
VIN 
= 10V, Ch = 1000 pF, TA = 20"s 
to 0.1% 


• 
Error created by charge injection during Hold mode: .6.VE = 10 pF (14.5V-VIN)/Ch 
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Typical Applications 
(Continued) 
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ZERO PULSE 
• 
DiHerential multiplexer disabled during auto zeroing 


• 
Minimum 
zeroing pulse width will depend upon the integrator Rle 


• 
This scheme provides input 
offset adjust especially useful with 
high gain connections. 
The device, LF352, 
provides 
pins for output 
offset 
adjust. 
For more details, 
see LF352 
data sheet. 


FIGURE 
11. 4-Channel 
Differential 
Multiplexer 
with 
Auto 
Zeroed 
Instrumentation 
Amplifier 
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• 
'CLOCK 
max 
= 200 kHz 


• 
The LF352 
instrumentation 
amplifier 
is auto 
zeroed 
during 
offset 
correction 
cycle of the 
LF13300 
AID 


• 
The system accuracy will mostly depend on the instrumentation 
amplifier gain linearity 
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PO: Polarity 
Detection 
n 
n 
r 
OC: Offset Correction 


r 
RR: 
Ramp Reference 


For more details, 
see LF13300 
data sheet 
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LF198A 
LF398A 
LF198 
LF398 
LH0023 
LH0023C 
LH0043 
LH0043C 


Accuracy 
(% Max) 
0.01 
0.01 
0.02 
0.02 
0.01 
0.02 
0.1 
0.3 


Gain/Offset 
Error 


Offset 
Voltage 
(mV Max) 
2 
3 
5 
10 
20 
20 
40 
40 


Droop 
Rate (mV/sec, 
25°C) 


Cs=1000 
pF 
30 
30 
30 
30 
100 
100 
10 
10 


Cs=10000 
pF 
3 
3 
3 
3 
10 
10 
1 
1 


Acquisition 
Time 
(JLS, 25°C) 


Cs=1000 
pF 
4 
4 
4 
4 
10 
10 
10 
10 


Cs=10000 
pF 
20 
20 
20 
20 
50 
50 
50 
50 


Aperture 
Time (ns, 25°C) 
25 
25 
25 
25 
150 
150 
20 
20 


Temperature 
Range (0C) 
-55 
to 
Oto 
-55 
to 
Oto 
-55 
to 
-25 
to 
-55 
to 
-25 
to 


+ 125 
+ 70 
+ 125 
+ 70 
+ 125 
+85 
+ 125 
+85 


Comment 
Low Drift 
Low Drift 
General 
General 
Low Drift 
Low Drift 
Medium 
Medium 


Purpose 
Purpose 
Speed 
Speed 


en 
Q) 
3 
"2- 
CD 
Q) 
::::J 
Q. 
::I:o 
Q. 
en 
CD 


CD 
(')-cr 
::::J 
G) 
Cc: 
CD 


~National 
~ 
Semiconductor 


Acquisition 
Time: 
The time required 
to acquire a new 
analog input voltage with an output 
step of 10V. Note 
that 
acquisition 
time is not just the time required for 
the output 
to settle, but also includes the time required 
for all internal nodes to settle so that the output assumes 
the 
proper 
value when 
switched 
to 
the 
hold mode. 


Gain Error: 
The ratio of output 
voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 


Hold Settling Time: 
The time required 
for the output 
to settle 
within 
1 mV of final value after the "hold" 
logic command. 


Hold Step: 
The voltage step at the output of the sample 
and hold when switching 
from sample 
mode to hold 
mode with 
a steady 
(dc) analog input 
voltage. 
Logic 
swing is 5V. 


Aperture 
Time: 
The 
delay 
required 
between 
"Hold" 
command 
and an input 
analog transition, 
so that the 
transition does not affect the held output. 


Dynamic Sampling Error: 
The error introduced 
into the 
held output 
due to a changing analog input at the time 
the 
hold command 
is given. Error is expressed 
in mV 
with a given hold capacitor 
value and input slew rate. 


Note that this error term occurs even for long sample 
times. 


LF198/LF298/LF398, 
LF198A1LF398A 
Monolithic 
Sample 
and Hold Circuits 


General 
Description 


The 
LF198/LF298/LF398 
are monolithic 
sample and 


hold circuits 
which utilize 
BI-FET technology 
to obtain 
ultra-high 
dc accuracy with fast acquisition 
of signal and 


low droop 
rate. Operating 
as a unity 
gain follower, 
dc 


gain accuracy 
is 0.002% typical 
and acquisition 
time is 


as low as 6J.ls to 0.01 %. A bipolar 
input stage is used to 
achieve low 
offset 
voltage and wide bandwidth. 
Input 


offset adjust is accomplished with 
a single pin and does 


not 
degrade 
input 
offset 
drift. 
The 
wide 
bandwidth 


allows 
the 
LF198 
to 
be included 
inside the feedback 
loop 
of 
1 
MHz 
op 
amps 
without 
having 
stability 


problems. 
Input 
impedance 
of 
1010.\1 
allows 
high 


source 
impedances 
to 
be 
used 
without 
degrading 


accuracy. 


P-channel 
junction 
FET's 
are combined 
with 
bipolar 


devices in the output 
amplifier 
to give droop 
rates as 


low as 5 mV/min 
with a 1J.lFhold capacitor. The JFET's 
have much lower 
noise than 
MOS devices used in pre- 


vious 
designs 
and 
do 
not 
exhibit 
high 
temperature 


instabilities. 
The 
overall 
design 
guarantees 
no 
feed- 


through 
from 
input 
to output 
in the hold 
mode even 


for input signals equal to the supply voltages. 


• 
Operates from ±5V to ±18V supplies 


• 
Lessthan 10J.ls acquisition time 


• 
TTL, PMOS, CMOS compatible 
logic input 


• 
0.5 mV typical hold step at Ch = 0.01J.lF 


• 
Low input offset 


• 
0.002% gain accuracy 


• 
Low output 
noise in hold mode 


• 
Input characteristics do not change during hold mode 


• 
High supply rejection ratio in sample or hold 


• 
Wide bandwidth 


Logic 
inputs 
on the LF198 
are fully 
differential 
with 


low input 
current, 
allowing 
direct 
connection 
to TTL, 


PMOS, and CMOS. Differential 
threshold 
is 1.4V. The 


LF198 
will 
operate from 
±5V 
to ±18V 
supplies. 
It is 


available in an 8-lead TO-5 package. 


An 
"A" 
version 
is available with 
tightened 
electrical 
specifications. 


Functional 
Diagram 
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Operating 
Ambient 
Temperature 
Range 
(Note 21 


LF198/LF198A 
_55°C 
to +125°C 
Output 
Short Circuit 
Duration 
Indefinite 


LF298 
_25°C 
to +85°C 
Hold Capacitor 
Short Circuit 
Duration 
10 sec 


LF398/LF398A 
O°C to+70°C 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Storage Temperature 
Range 
-65°C 
to +150°C 


Electrical 
Characteristics 
(Note 3) 


LF198/LF298 
LF398 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage, (Note 6) 
Tj = 25°C 
1 
3 
2 
7 
mV 


Full Temperature Range 
5 
10 
mV 


Input Bias Current, (Note 6) 
Tj = 25°C 
5 
25 
10 
50 
nA 


Full Temperature Range 
75 
100 
nA 


Input Impedance 
Tj = 25°C 
1010 
1010 
n 


Gain Error 
Tj = 25°C, RL = 10k 
0.002 
0.005 
0.004 
0.01 
% 


Full Temperature Range 
0.02 
0.02 
% 


Feedthrough Attenuation 
Ratio 
Tj = 25°C, Ch = O.OlI'F 
86 
96 
80 
90 
dB 


at 1 kHz 


Output 
Impedance 
Tj = 25°C, "HOLD" 
mode 
0.5 
2 
0.5 
4 
n 


Full Temperature Range 
4 
6 
n 


"HOLD" 
Step, (Note 4) 
Tj = 25°C, Ch = O.OlI'F, VOUT = a 
0.5 
2.0 
1.0 
2.5 
mV 


Supply Current, (Note 6) 
Tj::': 25°C 
4.5 
5.5 
4.5 
6.5 
mA 


Logic and Logic Reference Input 
Tj = 25°C 
2 
10 
2 
10 
I'A 


Current 


Leakage Current into Hold 
Tj = 25°C, (Note 5) 
30 
100 
30 
200 
pA 


Capacitor (Note 6) 
Hold Mode 


Acquisition Time to 0.1 % 
t.VOUT 
= 10V, Ch = 1000 pF 
4 
4 
1" 


Ch = O.OlI'F 
20 
20 
1" 


Hold Capacitor Charging Current 
VIN - VOUT = 2V 
5 
5 
mA 


Supply Voltage Rejection Ratio 
VOUT = a 
80 
110 
80 
110 
dB 


Differential 
Logic Threshold 
Tj = 25°C 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


LF198A 
LF398A 
UNITS 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage. (Note 6) 
Tj = 25°C 
1 
1 
2 
2 
mV 


Full Temperature 
Range 
2 
3 
mV 


Input Bias Current, (Note 6) 
Tj = 25°C 
5 
25 
10 
25 
nA 


Full Temperature 
Range 
75 
50 
nA 


Input Impedance 
Tj = 25°C 
1010 
10'0 
n 


Gain Error 
Tj = 25°C, RL = 10k 
0.002 
0.005 
0.004 
0.005 
% 


Full Temperature 
Range 
0.01 
0.01 
% 


Feedthrough 
Attenuation 
Ratio 
Tj = 25°C, Ch = O.OlpF 
86 
96 
86 
90 
dB 


at 1 kHz 


Output 
Impedance 
Tj = 25°C, "HOLD" 
mode 
0.5 
1 
0.5 
1 
n 


Full Temperature 
Range 
4 
6 
n 


"HOLD" 
Step, (Note 4) 
Tj = 25°C, Ch = O.OlpF, VOUT 
= 0 
0.5 
1 
1.0 
1 
mV 


Supply Current, (Note 6) 
Tj ~ 25°C 
4.5 
5.5 
4.5 
6.5 
mA 


Logic and Logic Reference Input 
Tj = 25°C 
2 
10 
2 
10 
pA 


Current 


Leakage Current 
into Hold 
Tj = 25°C, 
(Note 5) 
30 
100 
30 
100 
pA 


Capacitor 
(Note 
6) 
Hold Mode 


Acquisition Time to 0.1% 
l>.VOUT = 10V, Ch = 1000 pF 
4 
6 
4 
6 
ps 


Ch = O.OlpF 
20 
25 
20 
25 
ps 


Hold Capacitor 
Charging 
Current 
VIN - VOUT = 2V 
5 
5 
mA 


Supply Voltage Rejection 
Ratio 
VOUT 
= 0 
90 
110 
90 
110 
dB 


Differential 
Logic Threshold 
Tj = 25°C 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


Note 
1: 
The 
maximum 
junction 
temperature 
of the 
LF198/LF198A 
is 150·C, 
for 
the 
LF298,1 
1S·C, and for 
the 
LF398/LF398A,100·C. 
When 
operating at elevated ambient temperature, the power dissipation must be derated basedon a thermal resistance (8jA) of 150°C/W. 
Note 2: 
Although 
the differential 
voltage may not exceed the limits 
given, the common-mode 
voltage on the logic pins may be equal to the 


supply voltages without 
causing damage to the circuit. 
For proper logic operation, however, one of the logic pins must always be at least 2V below 


the positive supply and 3V above the negative supply. 


Note 3: 
Unless otherwise specified, the following 
conditions 
apply. Unit is in "sample" mode, Vs = :t15V. Tj = 25°C, -11.5V 
~ VIN ~ +11.5V, 


Ch = O.Ol,u.F,and RL = 10 kn. 
Logic reference voltage = OV and logic voltage = 2.5V. 


Note 4: 
Hold step is sensitive to stray capacitive coupling 
between input logic signals and the hold capacitor. 
1 pF, for instance, will create an 
additional 
0.5 mV step with 
a 5V logic swing and a O.Ol,u.Fhold capacitor. Magnitude of the hold step is inversely proportional 
to hold capaci· 


tor value. 


Note 5: 
Leakage current 
is measured at a junction 
temperature of 2SoC. The effects of junction 
temperature rise due to power dissipation or 
elevated ambient can be calculated by doubling the 2SoC value for each 11°C increase in chip temperature. Leakage is guaranteed over full input 
signal range. 


Note 6: 
These parameters guaranteed over a supply voltage range of ±5 to ±18V. 
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Hold Capacitor 


Hold 
step, 
acquisition 
time, 
and droop 
rate are the 


major 
trade·offs 
in the selection of 
a hold 
capacitor 


value. Size and cost may also become important 
for 


larger values. Use of the curves included with this data 
sheet should be helpful 
in selecting a reasonable value 


of capacitance. 
Keep in mind 
that 
for 
fast repetition 


rates or tracking fast signals, the capacitor drive currents 
may cause a significant 
temperature 
rise in the LF 198. 


A significant 
source of error in an accurate sample and 


hold circuit 
is dielectric absorption in the hold capacitor. 


A mylar cap, for 
instance, may "sag back" up to 0.2% 
after a quick 
change in voltage. A long "soak" 
time is 


required 
before the circuit 
can be put 
back into the 
hold mode with 
this type of capacitor. Dielectrics with 


very low hysteresis are polystyrene, 
polypropylene, 
and 


Teflon. 
Other 
types such as mica and polycarbonate 


are not nearly as good. Ceramic is unusable with> 
1% 
hysteresis. The advantage of polypropylene 
over poly· 
styrene is that it extends the maximum ambient tempera· 
ture from 85°C to 100°C. "NPO" 
or "COG" 
capacitors 


are now available for 125°C operation and also have low 
dielectric 
absorption. 
For 
more 
exact 
data, 
see the 


curve labeled dielectric 
absorption error vs sample time. 


The hysteresis numbers on the curve are final 
values, 
taken after full 
relaxation. 
The hysteresis error can be 


significantly 
reduced 
if 
the 
output 
of 
the 
LF198 
is 


digitized 
quickly 
after the hold mode 
is initiated. 
The 


hysteresis relaxation 
time 
constant 
in polypropylene, 
for instance, is 10-50 
ms. If A·to·D conversion can be 


made within 
1 ms, hysteresis error will 
be reduced by a 


factor of ten. 


DC zeroing is accomplished 
by connecting 
the offset 


adjust pin to the wiper of a 1 kn 
potentiometer 
which 


has one end tied to V+ and the other end tied through a 
resistor to 
ground. 
The resistor should be selected to 


give ""0.6 mA through the 1k potentiometer. 


AC 
zeroing 
(hold 
step zeroing) 
can be obtained 
by 


adding an inverter with 
the adjustment 
pot tied input 


to 
output. 
A 
10 pF capacitor 
from 
the wiper to the 


hold 
capacitor 
will 
give ±4 mV 
hold step adjustment 


with 
a 0.011lF 
hold 
capacitor 
and 5V 
logic supply. 
For larger logic swings, a smaller capacitor 
« 
10 pF) 


may be used. 


For proper operation, 
logic signals into the LF 198 must 


have a minimum 
dV Idt 
of 1.0 VIlls. Slower signals will 


cause excessive hold 
step. If a R/C 
network 
is used in 


front 
of the logic input 
for signal delay, calculate the 


slope of the waveform at the threshold point to ensure 
that it is at least 1.0 VIlls. 


Sample 
error 
due to 
moving 
input 
signals probably 


causes more 
confusion 
among sample·and·hold 
users 


than any other parameter. The primary 
reason for this 


is that many users make the assumption that the sample 
and hold amplifier 
is truly 
locked on to the input signal 


while 
in the sample mode. In actuality, 
there are finite 


phase delays through the circuit creating an input·output 
differential 
for fast moving signals. In addition, although 
the output 
may have settled, the hold capacitor has an 


additional 
lagdue to the 300.11series resistor on the chip. 


This means that at the moment the "hold" 
command 


arrives, the hold 
capacitor 
voltage may be somewhat 


different 
than the actual analog input. 
The effect 
of 


these delays is opposite to the effect created by delays 
in the logic which switches the circuit 
from sample to 


hold. For example, consider an analog input of 20 Vp-p 
at 10 kHz. Maximum dV/dt 
is 0.6 VIlls. With no analog 


phase delay and 100 ns logic delay, one could expect 
up to 
(0.1Ils) (0.6V Ills) 
= 60 mV 
error 
if the "hold" 
signal arrived 
near maximum 
dV Idt 
of the 
input. 
A 


positive·going 
input 
would 
give a +60 mV error. 
Now 


assume a 1 MHz (3 dB) bandwidth for the overall analog 
loop. This generates a phase delay of 160 ns. If the hold 
capacitor seesthis exact delay, then error due to analog 
delay will 
be (0.16IlsHO.6 VIlls) 
= -96 
mV. Total out- 


put 
error 
is +60 mV (digital) 
-96 
mV (analog) for a 


total of -36 
mV. To add to the confusion, analog delay 


is proportional 
to 
hold 
capacitor 
value while 
digital 


delay 
remains constant. 
A family 
of curves (dynamic 
sampling 
error) 
is included 
to 
help 
estimate 
errors. 


A curve labeled Aperture 
Time has been included for 


sampling conditions 
where the input 
is steady during 


the 
sampling 
period, 
but 
may 
experience 
a sudden 


change nearly 
coincident 
with 
the "hold" 
command. 


This curve is based on a 1 mV error fed into the output. 


A second curve, Hold Settling Time indicates the time 
required 
for 
the output 
to settle to 
1 mV after 
the 
"hold" 
command. 


Fast rise time 
logic signals can cause hold 
errors by 


feeding externally 
into 
the analog input 
at the same 


time the amplifier 
is put into the hold mode. To mini- 


mize this problem, board layout should keep logic lines 
as far 
as possible from 
the 
analog input. 
Grounded 


guarding 
traces may also be used around 
the 
input 


line, especially if 
it 
is driven 
from 
a high impedance 
source. Reducing high amplitude 
logic signals to 2.5V 
will also help. 
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Hold Step: 
The voltage step at the output of the sample 


and hold when switching 
from sample 
mode to hold 


mode with 
a steady 
(de) analog input 
voltage. 
Logic 


swing is 5V. 


Acquisition 
Time: 
The time required 
to acquire a new 


analog input voltage with an output 
step of 10V. Note 
that 
acquisition 
time is not just the time required 
for 


the output 
to settle, but also includes the time required 


for all internal nodes to settle so that the output assumes 
the 
proper 
value when 
switched 
to 
the 
hold mode. 


Gain Error: 
The ratio of output 
voltage swing to input 


voltage swing in the sample mode expressed as a per cent 
difference. 


SL 
-L 
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Hold Settling 
Time: 
The time required 
for the output 


to settle 
within 
1 mV of final value after the "hold" 


logic command. 


Dynamic Sampling Error: 
The error introduced 
into the 


held output 
due to a changing analog input at the time 


the 
hold command 
is given. Error is expressed 
in mV 


with a given hold capacitor 
value and input slew rate. 


Note that this error term occurs even for long sample 
times. 


Aperture 
Time: 
The 
delay 
required 
between 
"Hold" 


command 
and an input 
analog transition, 
so that the 


transition does not affect the held output. 


v+ 
LOGIC 


OFFSET 
2 
7 
lOGIC 
OFFSET 


ADJUST 
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ADJUST 
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Ch 


v- 
OUTPUT 


Order Number 
LF198H, 
LF298H, 
LF398H, 


LF198AH 
or LF398AH 
See NS Package H08C 
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LH0023/LH0023C, LH0043/LH0043C Sample 
and Hold Circuits 


General 
Description 


The 
LH0023/LH0023C 
and 
LH0043/LH0043C 


are complete 
sample and hold circuits including 


input 
buffer 
amplifier, 
FET 
output 
amplifier, 
analog signal sampling gate, TTL compatible logic 
circuitry 
and level shifting. They are designed to 


operate 
from 
standard ±15V DC supplies, but 


provision 
is made on the LH0023/LH0023C 
for 


connection 
of 
a separate +5V 
logic supply 
in 
minimum 
noise applications. The principal differ- 


ence 
between 
the 
LH0023/LH0023C 
and 
the 
LH0043/LH0043C 
is a 10: 1 trade-off 
in perfor- 
mance on sample accuracy vs sample acquisition 
time. Devices are pin compatible except that TTL 
logic is inverted between the two types. 


hold 
applications 
including 
data 
acquisition, 


analog to digital conversion, synchronous demodu- 
lation, 
and 
automatic 
test 
setup. 
They 
offer 


significant cost and size reduction over equivalent 
module or discrete designs. Each device is available 
in a hermetic TO-8 
package and are completely 


specified over both 
full 
military 
and instrument 


temperature 
ranges. 


The LH0023 and LH0043 are specified for opera- 
tion over the -55cC 
to +125cC military 
tempera- 


ture 
range. The 
LH0023C 
and 
LH0043C 
are 


specified for operation over the -25cC 
to +85cC 


temperature range. 


The 
LH0023/LH0023C 
and 
LH0043/LH0043C 


are ideally suited for a wide variety of sample and 


lH0043/lH0043C 
• 
Sample acquisition time-15 
f-lS max for 20V 
4 f-ls typ for 5V 


lH0023/lH0023C 
• 
Sample accuracy-O.Ol% max 
• 
Hold drift rate-O_5 mVIsec typ 
• 
Sample acquisition time-1 00 f-lS max for 20V 
• 
Aperture time-150 
nstyp 
• 
Wide analog range-±10V 
min 
• 
Logic input- TTLlDTL 
• 
Offset adjustable to zero with single 10k pot 


• 
Output short circuit proof 


• 
Aperture time-20 
nS typ 
• 
Hold drift rate-l 
mVIsec typ 
• 
Sample accuracy-D. 1%max 
• 
Wide analog range-±10V 
min 
• 
Logic input- TTLlDTL 
• 
Offset adjustable to zero with single 10k pot 
• 
Output short circuit proof 


Order Number LH0023G 
or 
lH0023CG 
or lH0043G 
or 
lH0043CG 
See Package H12B 
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Absolute 
Maximum 
Ratings 


Supply 
Voltage 
(V+ 
and 
V-I 
±20V 


Logic 
Supply 
Voltage 
(V cc) 
LH0023, 
LHOO23C 
+7,OV 


Logic 
Input 
Voltage 
(V 6) 
+5,5V 


Analog 
Input 
Voltage 
IV 5) 
±15V 


Power 
Dissipation 
See graph 


Output 
Short 
Circuit 
Duration 
Continuous 


Operating 
Temperature 
Range 
LH0023, 
LHOO43 
_55°C 
to 
+125°C 


LH0023C, 
LHOO43C 
_25°C 
to 
+85°C 


Storage 
Temperature 
Range 
_65°C 
to 
+150°C 


Lead 
Soldering 
110 see) 
300°C 


Electrical 
Characteristics 
LH0023/LH0023C 
(Note 
1) 


LIMITS 


PARAMETER 
CONDITIONS 
LH0023 
LH0023C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Sample 
(Logic 
"1") 
Vcc 
= 4.5V 
2.0 
2.0 
V 


Input 
Voltage 


Sample 
(Logic 
"1 ") 
V. 
= 2AV, 
Vcc 
= 5.5V 
5.0 
5.0 
IJA 


Input Current 


Hold 
(Logic 
"0" I 
Vcc=4.5V 
0.8 
0.8 
V 


Input 
Voltage 


Hold 
(Logic 
"0") 
V6 = OAV, 
Vcc 
= 5.5V 
0.5 
05 
mA 


Input Current 


Analog 
Input 
±10 
±11 
±10 
±11 
V 


Voltage 
Range 


Supply 
Current 
- 
1'0 
V."OV,V.=2V, 
4.5 
6 
4.5 
6 
mA 


V" 
= OV 


Supply 
Current 
- 
112 
Vs = OV, V. 
= OAV, 
4.5 
6 
4.5 
6 
mA 


V" 
= OV 


Supply Current 
- 
Is 
V.=5.0V,V.=0 
1.0 
1.6 
1.0 
1.6 
mA 


Sample 
Accuracy 
V OUT 
= ±10V 
(Full Scale) 
0.002 
0.01 
0.002 
002 
% 


DC Input 
Resistance 
Sample 
Mode 
500 
1000 
300 
1000 
kQ 


Hold 
Mode 
20 
25 
20 
25 
kQ 


Input Current 
- 
15 
Sample 
Mode 
0.2 
1.0 
03 
1.5 
IJA 


Input Capacitance 
3.0 
3.0 
pF 


Leakage Current 
- 
Vs = ±lOV, 
V" 
= ±lOV, 
10.0 
200 
20.0 
500 
pA 


pin 1 
T A = 25°c 


V s = ± 1OV; V" 
= ±lOV 
2.5 
2 
nA 


Drift 
Rate 
VOUT 
= ±5V, 
Cs = O.OlIJF, 
0.5 
05 
mV/s 


TA 
= 25°C 


Drift 
Rate 
VOUT 
= ±10V, 
1.0 
20 
2.0 
50 
mV/s 


Cs = 0.01 IJF, T A = 25°C 


Drift 
Rate 
VOUT 
= ±10V, 
0.50 
0.2 
mV/ms 


Cs = 0.01 IJF 


Aperture 
Time 
150 
150 
ns 


Sampie Acquisition 
LiVOUT 
= 20V, 
50 
100 
50 
100 
IJS 


Time 
Cs = 0.01 IJF 


Output 
Amplifier 
1.5 
3.0 
1.5 
3.0 
VII's 
Slew Rate 


Output 
Offset 
Voltage 
Rs ~ 
10k, V5 = OV, 
±20 
±20 
mV 


(without 
null) 
Vs = 2.0V 


Analog 
Voltage 
RL ~ 
1k, T A = 25°C 
±1O 
±11 
±10 
±11 
V 


Output 
Range 
RL ~ 
2k 
±10 
±12 
±10 
±12 
V 


Note 1: Unless otherwise 
noted. 
these specifications apply 
for V+ 
"" +15V. 
VCC 
= +5V, 
V- 
= -15V, 
pin 9 grounded, 
a 
O.OlJlF 
capacitor 
connected 
between 
pin 1 and ground over the temperature 
range 
5SoC to +12SoC 
for the LH0023, 
and 
2S 


QC 
to +8SoC for the LH0023C. 
All typIcal values are for T A = 2S 


QC. 
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Electrical Characteristics 
LH0043/LH0043C: 
(Note 
2) 


LIMITS 


LHOO43 
LH0043C 
UNITS 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Hold 
(Logic" 
1") 
2.0 
2.0 
V 


Input 
Voltage 


Hold 
(Logic 
""') 
V6=2.4V 
5.0 
5.0 
"A 


Input 
Current 


Sample 
(Logic 
"a") 
0.8 
0.8 
V 


Input 
Voltage 


Sample 
(Logic 
"0") 
V6 = O.4V 
1.5 
15 
mA 


Input 
Current 


Analog 
Input 
±10 
±11 
±10 
±11 
V 


Voltage 
Range 


Supply 
Current 
V 5 = OV, V S = 2V, 
V 11 = OV 
20 
22 
20 
22 
mA 


Vs 
= OV, Vs 
= O.4V, 
14 
18 
14 
18 
mA 


Vll 
= OV 


Sample 
Accuracy 
VOUT 
= ±lOV 
(Full 
Scale) 
0.02 
0.1 
0.02 
0.3 
% 


DC Input 
Resistance 
T C = 25°C 
10'0 
10'2 
1010 
10'2 
n 


Input 
Current 
- 
15 
1.0 
5.0 
2.0 
100 
nA 


Input Capacitance 
1.5 
1.5 
pF 


Leakage Current- 
Vs=±lOV;Vll 
=±10, 
10 
25 
20 
50 
pA 


pin 
1 
Tc 
= 25°C 
Vs 
= ±lOV; 
Vll 
= ±lOV 
10 
25 
2 
5 
nA 


Drift 
Rate 
VOUT 
= ±lOV, 
Cs 
0.001 
"F, 
10 
25 
20 
50 
mV/s 


Tc = 25°C 


Drift 
Rate 
VOUT 
= ±lOV, 
Cs = O.OOlI-'F 
10 
25 
2 
5 
mV/ms 


Drift 
Rate 
VOUT 
= ±lOV, 
Cs 
O.OlI-'F, 
1 
2.5 
2 
5 
mV/s 


Tc = 25°C 


Drift 
Rate 
VOUT 
= ±lOV, 
Cs 
O.OlI-'F 
1 
2.5 
0.2 
0.5 
mV/ms 


Aperture 
Time 
20 
60 
20 
60 
ns 


Sample Acquisition 
JVOUT 
= 20V. 
Cs = 0.001 
I-'F 
10 
15 
10 
15 
"s 


Time 
t.VOUT 
= 20V, 
Cs = O.OlI-'F 
30 
50 
30 
50 
I-'S 
/'NOUT 
= 5V, 
Cs = O.OOlI-'F 
4 
4 
"S 


Output Amplifier 
VOUT 
= 5V, 
Cs = 0.001 
I-'F 
1.5 
3.0 
1.5 
3.0 
V/I-'s 
Slew 
Rate 


Output 
Offset 
Voltage 
Rs:::; 
10k, 
Vs 
= OV, Vs 
= OV 
±40 
±40 
mV 


(without 
null) 


Analog 
Voltage 
RL21k, 
TA= 
25°C 
±1O 
±11 
±10 
±11 
V 
Output 
Range 
RL 2 
2k 
±10 
±12 
±10 
±12 
V 


Note 2: 
Unless otherWise noted. these specifications 
apply for V+ '" +15V. V- 
== -15V. 
pin 9 grounded, a 5000 pF capacitor 


connected between pin 1 and ground over the temperature range -5SoC 
to +12SoC 
for the LH0043, and -2SoC 
to +85°C 
for the LH0043C. 
All 
typical 
values are for TC = 2SOC. 


Typical Performance Characteristics 


Sample 
Acquisition 
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Acquisition 
Power 
Dissipation 
Time-LH0043 
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Typical Performance Characteristics 
(Continued) 


Sample 
Acquisition 
Pin 1 Leakage 
Current 
Pin 1 Leakage Current 
Time-lHOO23 
YS Output 
Voltage 
vs Temperature 
~ 
10 
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"' 
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Note 1: Cl is polvnyrene. 
Not. 2: C2, CJ, C4.re 
termit diSC. 
Not. J: Jumper 7-8 
Ind C4 not required lor lH004J. 


Not. 4; Rl option.1 il zero trim is required. 


How to Build a Sample 
and Hold Module 
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In order to minimize 
drift 
error, care in selection 
of Cs and layout 
of the printed 
circuit 
board is 
required. The capacitor should be of high quality 
Teflon, 
polycarbonate, 
or polystyrene 
construc· 


tion. 
Board 
cleanliness 
and 
layout 
are critical 


particularly 
at elevated temperatures. 
See AN-63 
for detailed recommendations. 
A guard conductor 
connected to the output 
surrounding 
the storage 
node 
(pin 1) will 
be helpful 
in 
meeting severe 
environmental 
conditions 
which would 
otherwise 
cause leakage across the printed circuit board. 


The size of 
the capacitor 
is dictated 
by the re- 
quired drift 
rate and acquisition 
time. The drift 
is 
determined 
by the leakage current 
at pin 
1 and 
dV 
IL 
may be calculated 
by dt = Cs' 
where I L is the 


total 
leakage current 
at pin 
1 of the device, and 
Cs is the value of the storage capacitor . 


At 
room 
temperature 
leakage current 
for 
the 
LH0023 
is approximately 
100 pA. A drift 
rate of 
10 mV/sec would require a O.OlIlF 
capacitor. 


For values of 
Cs up to 0.01 IlF 
the acquisition 
time is limited 
by the slew rate of the input buffer 
amplifier, 
A 1, typically 
0.5 
V/lls_ 
Beyond 
this 
point, current availability 
to charge Cs also enters 
the picture. The acquisition time is given by: 


An 
average 
value 
for 
R 
is 
approximately 
600 ohms. The expression for tA 
reduces to: 


For a -10V 
to 
+1OV change and Cs 
acquisition time is typically 
50 IlS. 


At 25°C case temperature, 
the leakage current for 


the 
LH0043G 
is approximately 
10 pA, so a drift 
rate 
of 
5 mV/s 
would 
require 
a capacitor 
of 


Cs = 10 • 10-12/5 
• 10-3 
= 2000 pF or larger. 


For 
values 
of 
Cs 
below 
about 
5000 pF, 
the 
acquisition 
time 
of the LH0043G 
will 
be limited 
by 
the 
slew rate 
of 
the 
output 
amplifier 
(the 
signal will be acquired, in the sensethat the voltage 


will be stored on the capacitor, in much lesstime as 
dictated 
by the slew rate and current capacity of 


the input amplifier, 
but it will 
not be available at 


the output). 
For 
larger values of storage capaci- 


tance, the limitation 
is the current sinking capabil· 


ity of the input amplifier, 
typically 
10 mA. With 


Cs = 0.01 IlF, 
the slew rate can be estimated by 


dV 
10 • 10-3 
dt = 0.01 • 10-6 = 1VIllS 
or a slewing time for a 


5 volt signal change of 51ls. 


Provision 
is made to null 
both the LH0023 
and 


LH0043 by use of a 10k pot between pins 3 and 4. 
Offset 
null should be accomplished 
in the sample 


mode 
at 
one 
half 
the 
input 
voltage 
range for 


minimum 
average error. 


A 
capacitive 
divider 
is formed 
by 
the 
storage 


capacitor and the capacitance of the internal FET 
switch 
which 
causes a small error current 
to be 


injected into the storage capacitor at the termina- 
tion of the sample interval. This can be considered 
a negative DC offset and nulled out as described in 
(3.01, or the transient may be nulled by coupling 
an 
equal 
but 
opposite 
signal 
to 
the 
storage 


capacitor. 
This may be accomplished by connect- 


ing a capacitor 
of 
about 
30 pF 
(or a trimmer) 


between the logic 
input 
(pin 6) and the storage 


capacitor (pin 1). Note that this capacitor must be 
chosen as carefully 
as the storage capacitor itself 


with 
respect to leakage. The LH0023 
has switch 


spike minimization 
circuitry 
built 
into the device. 


The 
5V 
logic 
supply 
may 
be 
eliminated 
by 


shorting 
pin 
7 to 
pin 
8 which 
connects a 10k 


dropping 
resistor 
between 
the 
+ 15V 
and 
Vc' 


Decoupling 
pin 8 to ground through 
0.11lF 
disc 


capacitor 
is recommended 
in order 
to minimize 


transients in the output. 


The 
LH0023 
and 
LH0043G 
may 
be operated 


without 
damage throughout 
the military 
tempera- 


ture range of -55 
to +125°C 
(-25 
to +85°C for 


the LH0023CG 
and LH0043CG) 
with 
no explicit 


heat sink, however power dissipation will cause the 
internal 
temperature 
to 
rise above 
ambient. 
A 


simple 
clip-on 
heat 
sink 
such 
as 
Wakefield 
#215-1.9 
or equivalent 
will 
reduce the internal 
temperature about 20°C thereby cutting 
the leak· 


age current 
and drift 
rate by one fourth 
at max. 


ambient. There is no internal electrical connection 
to the case, so it may be mounted 
directly 
to a 


grounded heat sink. 


The 
LH0023/LH0023C 
is comprised 
of 
input 


buffer amplifier, 
A 1, analog switches,S 1 and 52, a 


Applications 
Information 
(Continued) 


TTL 
to 
MOS level translator, 
and output 
buffer 


amplifier, 
A2. 
In the "sample" 
mode, the logic 


input 
is raised to logic "1" 
(V6 ~ 
2.0V) which 


closes S1 and opens S2. Storage capacitor, Cs, is 
charged to the input voltage through 
Sl and the 


output 
slews to the input voltage. In the "hold" 


mode, the 
logic 
input 
is lowered to 
logic "0" 
(V6 
~ 
0.8V) 
opening 
Sl 
and closing S2. Cs 
retains the sample voltage which is applied to the 
output 
via A2. Since Sl is open, the input signal 


is overridden, and leakageacrossthe MOS switch is 
therefore minimized. With Sl open, drift 
is prima- 


rily 
determined 
by 
input 
bias current 
of 
A2, 


typically 
100 
pA 
at 25°C. 


The 
LH0043/LH0043C 
is comprised 
of 
input 


buffer amplifier 
A 1, FET switch Sl operated by a 


TTL compatible level translator, and output buffer 
amplifier 
A2. To enter the "sample" 
mode, the 
logic input 
is taken to the TTL 
logic "0" 
state 


(V6 
= 
0.8V) 
which 
commands 
the 
switch 
Sl 


closed and allows A 1 to make the storage capaci· 
tor voltage equal to the analog input voltage. In 
the 
"hold" 
mode 
(V6 = 
2.0Vl, 
Sl 
is opened 
isolating the storage capacitor from the input and 
leaving it charged to a voltage equal to the last 
analog 
input 
voltage 
before 
entering 
the 
hold 
mode. The storage capacitor voltage is brought to 
the output by low leakageamplifier A2. 


V5: 
The voltage at pin 5, e.g., the analog 
input voltage. 
V6: 
The 
voltage 
at 
pin 
6, e.g., the 
logic 
control input signal. 


V,,: 
The voltage at pin 11, e.g., the output 
signal. 


TA: 
The temperature of the ambient air. 


Tc: 
The temperature 
of the device case at 
the center of the bottom 
of the header. 


Acquisition 
Time: 


The time required for the output (pin 11) to settle 
within 
the rated accuracy after a specified input 
change is applied to the input 
(pin 5) with 
the 
logic input (pin 6) in the low state. 


Aperture Time: 
The 
time 
indeterminacy 
when 
switching 
from 
sample mode to hold including the delay from the 
time 
the 
mode 
control 
signal 
(pin 
6) 
passes 


through 
its threshold 
(1.4 volts) to the time the 


circuit actually enters the hold mode. 


Output Offset Voltage: 
The voltage at the output terminal (pin 11) with 
the analog input (pin 5) at ground and logic input 
(pin 6) in the "sample" mode. This will always be 
adjustable to zero using a 10k pot between pins 3 
and 4 with the wiper arm returned to V-. 
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(;) LHOO53/LHOO53CHigh Speed 
8 Sample and Hold Amplifier 


~ 
..J 
General Description 
Features 


The LH0053/LH0053C 
is a high 
speed 
sample 
and 
hold 


circuit 
capable 
of acquiring 
a 20V step 
signal 
in under 


5.0I's. 


The device 
is ideally 
suited 
for 
a variety 
of high 
speed 


data 
acquisition 
applications 
including 
analog 
buffer 


memories 
for 
A to 
D conversion 
and 
synchronous 
de- 
modulation. 


• 
Sample 
acquisition 
time 
10l's 
max. 
for 20V signal 


• 
FET switch 
for preset 
or reset 
function 


• 
Sample 
accuracy 
null 


• 
Offset 
adjust 
to OV 


• 
DTLlTTL 
compatible 
FET gate 


• 
Single 
storage 
capacitor 


OFFSET 
ADJUST 
-;---...., 


Order 
Number 
LH0053G 
or LH0053CG 
See Package 
H12B 


+15V~ 


-15V~ 
L~OO5~ 
_ 


Absolute Maximum Ratings 


Supply 
Voltage 
(V+ and V-) 
±18V 


Gate 
Input 
Voltage 
(Va) 
±20V 


Analog 
Input 
Voltage 
(V4) 
±15V 


Input 
Current 
(18and 15) 
±10mA 


Power 
Dissipation 
1.5W 


Output 
Short 
Circuit 
Duration 
Continuous 


Operating 
Temperature 
Range 


LH0053 
-55°C 
to +125°C 


LH0053C 
-25°C 
to +85°C 


Storage 
Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
(Note 
1) 


Limits 


Parameter 
Conditions 
LHOO53 
LHOO53C 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Sample 
(Gate 
"0") 
Input 
Voltage 
0.5 
0.5 
V 


Sample 
(Gate 
"0") 
Input 
Current 
Va = 0.5V, TA = 25°C 
-5.0 
-5.0 
I'A 


Va=0.5V 
-100 
-100 
I'A 


Hold 
(Gate 
"1") 
Input 
Voltage 
4.5 
4.5 
V 


Hold 
(Gate 
"1") 
Input 
Current 
Va = 4.5V, TA = 25°C 
1.0 
nA 


Va=4.5V 
1.0 
I'A 


Analog 
Input 
Voltage 
Range 
±10 
±11 
±10 
±11 
V 


Supply 
Current 
V4 = OV, Va = 0.5V 
13 
18 
13 
18 
mA 


Input 
Bias 
Current 
(14) 
V4=OV, 
TA=25°C 
120 
250 
150 
500 
nA 


Input 
Resistance 
5.0 
10 
15 
5.0 
10 
15 
kQ 


Analog 
Output 
Voltage 
Range 
RL=2.0kQ 
±10 
±12 
±10 
±12 
V 


Output 
Offset 
Voltage 
V4 = OV, Va = 0.5V, TA = 25°C 
5.0 
7.0 
5.0 
10 
mV 


V4 = OV, Va = 0.5V 
10 
15 
mV 


Sample 
Accuracy 
(Note 
2) 
V4 = ±10V, Va = 0.5V, TA = 25°C 
0.1 
0.2 
0.1 
0.3 
% 


Aperture 
Time 
tNa = 4.5V, TA = 25°C 
10 
25 
10 
25 
ns 


Sample 
Acquisition 
Time 
V4 = ±10V, TA = 25°C, 
5.0 
10 
8.0 
15 
I'S 


CF=1000pF, 
Va=OV 


Sample 
Acquisition 
Time 
V4=±10V, 
TA=25°C, 
4.0 
4.0 
I'S 


CF=100pF, 
Va=OV 


Output 
Slew 
Rate 
tN1N = ±10V, TA = 25°C, 
20 
20 
VII's 


CF=100pF, 
Va=OV 


Large 
Signal 
Bandwidth 
V4 = ±10V, TA = 25°C, 
200 
200 
kHz 
CF= 
1000pF 


Leakage 
Current 
(Pin 5) 
V4=±10V, 
TA=25°C, 
6.0 
50 
10 
100 
pA 


V4=±10V 
30 
30 
nA' 


Drift 
Rate 
V4 = ±10V, TA = 25°C, 
6.0 
50 
10 
100 
mV/s 


CF=1000pF 


Drift 
Rate 
V4=±10V, 
CF=1000pF 
30 
30 
Vis 


Note 1: Unless otherwise 
noted, these specifications 
apply for Vs =±15V, pin 9 grounded, a 1000pF capacitor 
between pin 5 and pin 11, 


pin 3 shorted 
to pin 11, over the temperture 
range -55°C 
to +125°C for the LH0053 and -25°C 
to +85°C for the LH0053C. All typical 
val ues are for TA= 25°C. 


Note 2: Sample accuracy 
may be nulled by inserting 
a potentiometer 
in the feedback 
loop. This compensates 
for source impedance 
and feedback 
resistor 
tolerances. 
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Source Impedance 
Compensation 


The gain accuracy (linearity) of the LH0053/LH0053C is 
set by two internal precision resistors. Circuit applica- 
tions 
In which the source Impedance is non-zero will 


result in a closed loop gain error, e.g. if Rs= 10Q, a gain 
error of 0.1% results. Figures 1 and 2 show methods for 
accomodating 
non-zero source impedance. 


Drift Error Minimization 


In order to minimize drift error, care in selecting CF and 
layout of the printed circuit board are required. The capa· 
citor should be of high quality teflon, polycarbonate, 
or 


polystyrene construction. 
Board layout and clean lines 


are critical 
particularly 
at elevated temperature. 


A ground guard (shield) surrounding pin 5 will minimize 
leakage currents 
to and from the summing 
junction, 


arising from extraneous signals. See AN-63 for detailed 
recommendations. 


Capacitor 
Selection 


The size of the capacitor 
is determined by the required 


drift rate usually at the expense of acquisition 
time. 


The drift is dictated 
by leakage current at pin 5 and is 


given by: 


dv _ ib.. 
dt - 
CF 


Where IL is the leakage current at pin 5 and CF is the 
value of the capacitance. The room temperature leakage 
of the LH0053 is typically 6.0pA, and a 1000pF capacitor 
will yield a drift rate of 6.0mV per second. 


For values of CFbelow 1000pF acquisition forthe LHOO53 
is primarily governed by the slew rate of the input ampli· 
fier (20VII's) and the setting time of the output amplifier 
(;'1.0I's). 
For values 
above 
CF= 1000pF, acquisition 


time is given by: 


CFI1V 
t. = -- 
+ tS2 
ioss 


CF= The value of the capacitor 


I1V= The magnitude of the input step, e.g. 20V 


loss = The ON current of switch 01 ;, 5.0mA 


tS2= The setting time of output amplifier;;' 
1.01's 


3 
1- 
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5.0V TTL Applications 


The LH0053 Gate input (pin 6) will interface directly with 
5.0V TTL. However, TTL gates typically pull up to 2.5V in 
the logic "1" state. It is therefore 
advisable to use a 


10kQ pull·up resistor 
between the 5.0V, Vcc, and the 


output of the gate as shown in Figure 3. 


To obtain the highest speed and fastest acquisition time, 
the gate drive shown in Figure 6 is recommended. 


It should be noted that leakage at pin 5 in the hold mode 
will be increased by a factor of 2 to 3 when operating 
into 15V logic levels. 


CMOS Applications 


The LH0053 gate input may be interfaced directly with 
74C, CMOS operating off of Vcc's from 5.0V to 15V.How- 
ever, transient currents of several milliamps can flow on 
the rising and falling edges of the input signal. It is, there· 
fore, advisable to parallel the outputs 
of two 54C/74C 


gates as shown in Figure 4. 


Heat Sinking. 


The LH0053 may be operated over the military tempera- 
ture range, -55°C to +125°C, without 
incurring damage 


to the device. However, a clip on heat sink such as the 
Wakefield 215 Series or Thermalloy 2240 will reduce the 
internal temperature 
rise by about 20°C. The result is a 


two-fold improvement In drift rate at temperature. 


Applications Information 
(Continued) 


Since the case of the device is electrically isolated from 
the circuit, the LH0053 may be mounted directly to a 
grounded heat sink. 


Power 
Supply 
Decoupling 


Amplifiers A1 and A2 within the LH0053 are very wide 
band devices and are sensitive to power supply induct- 
ance. It is advisable to bypass V+ (pin 12)and V- (pin 10) 
to ground with 0.11'Fdisc capacitors in order to prevent 


oscillation. Should this procedure prove inadequate, the 
disc capacitors should be paralleled with 4.71'F solid 
tantalum electrolytic capacitors. 


DC Offset 
Adjust 


Output offset error may be adjusted to zero using the 
circuit shown in Figure 5. Offset null should be accom- 
plished in the sample mode (Va';;0.5V)and analog input 
(pin 4) equal to zero volts. 


+15V~200kQ 
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Voltage, V4: The voltage at pin 4, i.e., the analog input 
voltage. 


Voltage, Va:The voltage at pin 6, i.e., the logic control 
signal. A logic "1" input, Va';; 4.5V,places the LH0053in 
the HOLD mode; a logic "0" input (Va';;0.5V) places the 
device in sample mode. 


Acquisition Time:Thetime required for the output (pin 11) 
to settle within the rated accuracy after a specified input 
change is applied to Analog Input 1 (pin 4) with logic 
input, (pin 6) in the logic "0" state. 


Aperture Time: The time indeterminacy when switching 
from the "sample" mode to the HOLD mode measured 
from the time the logic input passes through its thresh- 
old (2.0V) to the time the device actually enters the 
HOLD mode. 


Sample Accuracy: Difference between input voltage and 
output voltage while in the sample mode, expressed as 
a percent of the input voltage. 
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8-118 


DAC0808, DAC0807, DAC0806 8-Bit D/A Converters 
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Double-Buffered 
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8-133 
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8-151 


DAC1020, DAC1021, DAC102210-Bit 
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8-173 


DAC1200, DAC120112-Bit 
Digital-to-Analog 
Converters 
8-183 


DAC1208, DAC1209, DAC1210, DAC1230, DAC1231, DAC1232 MICRO-DAC™ 
12-Bit, /LPCompatible, 
Double-Buffered 
D to A Converters 
8-189 


DAC1218, DAC121912·Bit 
Binary 
Multiplying 
D to A Converter 
8-204 


DAC1220, DAC1221, DAC122212-Bit 
Binary Multiplying 
D/A Converter 
8-173 


DAC1280A, DAC1280 12-Bit Digital·to-Analog 
Converters 
8-208 


DAC1280A-I, DAC1280-112-Bit 
Digital-to-Analog 
Converters 
8-216 


DAC1285A, 
DAC1285 (DAC85, DAC87) 12-Bit Digital-to-Analog 
Converters 
8-220 
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DM2502, DM2503, DM2504 Successive 
Approximation 
Registers 
...............•....... 
8-228 


LF13300 Integrating 
AID Analog 
Building 
Block 
8-233 


LM131A/LM131, 
LM231A/LM231, 
LM331A/LM331 
Precision 
Voltage-to-Frequency 
Converters 
8-251 


MM54C905/MM74C90512-Bit 
Successive 
Approximation 
Register 
8-262 
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Accuracy 
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Range" 
Package 
Comments 
No. 
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(Max) 
Time 
Range 
Levels 
(V) 
M 
I C 


AID CONVERTER 


ADC0800 
8 
±2 
LSB 
50l's 
±5V 
TTL, 
+ 5, -12 
· · 
18-Pin DIP 


TRI-STATE'" 


ADC0801 
8 
±1/4 
LSB 
1101's 
5V 
TTL, 
+5 
· · · 
20-Pin DIP 
Differential 


TRI-STATE 
Input 


ADC0802 
8 
±1/2 
LSB 
1101's 
5V 
TTL, 
+5 
· · · 
20-Pin DIP 
Differential 


TRI-STATE 
Input 


A DC0803 
8 
±1/2 
LSB 
1101's 
5V 
TTL, 
+5 
· · 
20-Pin DIP 
Differential 


TRI-STATE 
Input 


A DC0804 
8 
±1 
LSB 
1101's 
5V 
TTL, 
+5 
· 
20-Pin DIP 
Differential 


TRI-STATE 
Input 


ADC0805 
8 
±1 
LSB 
1101's 
5V 
TTL, 
+5 
· · 
20-Pin DIP 
Works 
with 


TRI-STATE 
5V Reference 


ADC0808 
8 
± 1/2 LSB 
1001's 
5V 
TTL, 
+5 
· · · 
28·Pin DIP 
8·Channel 
MUX 


TRI-STATE 


ADC0809 
8 
±1 
LSB 
100 1'5 
5V 
TTL, 
+5 
· · 
28-Pin DIP 
8-Channel 
MUX 


TRI-STATE 


ADC0816 
8 
±1/2 
LSB 
1001's 
5V 
TTL, 
+5 
· · · 
40·Pin DIP 
16-Channel 
MUX 


TRI-STATE 


ADC0817 
8 
±1 
LSB 
1001's 
5V 
TTL, 
+5 
· · 
40-Pin DIP 
16-Channel 
MUX 


TRI-STATE 


tADC0831B 
8 
±1/2 
LSB 
801'5 
5V 
TTL 
+5 
to +9 
· · 
8-Pin DIP 
Serial 
110 


tADC0831C 
8 
±1 
LSB 
801'5 
5V 
TTL 
+5 
to +9 
· · 
8-Pln DIP 
Serial 
I/O 


tADC0832B 
8 
±1/2 
LSB 
801'5 
5V 
TTL 
+5 
to +9 
· · 
8-Pin DIP 
2-Channel 
MUX 


Serial 
I/O 


tADC0832C 
8 
±1 
LSB 
801'5 
5V 
TTL 
+5 
to +9 
· · 
8-Pln DIP 
2-Channel 
MUX 


Serial 
I/O 


ADC0833B 
8 
±1/2 
LSB 
801'5 
5V 
TTL 
+5 
to +9 
· · 
14-Pin DIP 
4-Channel 
MUX 


Serial 
I/O 


ADC0833C 
8 
±1 
LSB 
801'5 
5V 
TTL 
+5 
to +9 
· · 
14-Pln DIP 
4·Channel 
MUX 


Serial 
I/O 


tADC0834B 
8 
±1/2 
LSB 
801'5 
5V 
TTL 
+5 
to +9 
· · 
14-Pin DIP 
4-Channel 
MUX 


Serial 
I/O 


tADC0834C 
8 
±1 
LSB 
801'5 
5V 
TTL 
+5 
to +9 
· · 
14-Pin DIP 
4-Channel 
MUX 


Serial 
I/O 


tADC0838B 
8 
± 1/2 LSB 
801'5 
5V 
TTL 
+5 to 
+9 
· · 
20·Pin DIP 
8-Channel 
MUX 


Serial 
110 


tADC0838C 
8 
±1 LSB 
801'5 
5V 
TTL 
+5 to +9 
· · 
20·Pin DIP 
8·Channel 
MUX 


Serial 
I/O 


tADC1001B 
10 
±1/2 
LSB 
2001's 
5V 
TTL, 
+5 
· · 
20-Pin DIP 
Differential 
TRI-STATE 
Input 


ADC1001C 
10 
±1 LSB 
2001's 
5V 
TTL, 
+5 
· · 
20-Pin DIP 
Differential 


TRI-STATE 
Input 


tADC1021B 
10 
±1/2 
LSB 
2001's 
5V 
TTL, 
+5 
· · 
24-Pin DIP 
Differential 
TRI-STATE 
Input 


ADC1021C 
10 
±1 LSB 
2001's 
5V 
TTL, 
+5 
· 
24-Pin DIP 
Differential 
TRI-STATE 
Input 


tADC1080 
10 
±1/2 
LSB 
181'5 
±10V 
TTL 
+ 5, ± 12 to ± 15 
· 
32-Pin DIP 
With 
Reference 


and Clock 


Part 
Resolution 
Absolute 
Conversion 
Input 
Output 
Supplies 
Temperature 


Accuracy 
Voltage 
Logic 
Range- 
Package 
Comments 
No. 
(Bits) 
(Max) 
Time 
Range 
Levels 
(V) 
M 
I 
C 


AID CONVERTER 
(Continued) 


ADB1200 
12 
±1/2 
LSB 
36 ms 
±11V 
TTL, 
+5, 
-15 
28-Pin DIP 
Dual Slope 
· 
LF13300 
TRI·STATE 
±15 
18-Pin DIP 


ADC1210 
12 
±1/2 
LSB 
26/'s 
10.2V 
CMOS 
+5to 
±15 
· · 


24-Pin DIP 


ADC1211 
12(10) 
±1 LSB 
30/,s 
10.2V 
CMOS 
+5 to 
±15 
· · 
24-Pin DIP 


tADC1280 
12 
±1/2 
LSB 
22/'s 
±10V 
TTL 
+ 5, ± 12 to 
± 15 
· 


32-Pin DIP 
With 
Reference 


and Clock 


ADC3511 
31/2-Digit 
0.05% 
200 ms 
2V 
TTL, 
+5 
· 


24-Pin DIP 
Integrating 


TRI-STATE 
/,P Compatible 


ADC3711 
33/4-Digit 
0.05% 
400 ms 
2V 
TTL, 
+5 
· 
24-Pin DIP 
Integrating 


TRI-STATE 
/,P Compatible 


LM131 
V-F 
0.01% 
N/A 
Vcc-2V 
N/A 
+5 
to +40 
· · · 
8-Pin DIP or Voltage-to- 


TO-99 Can 
Frequency 


Converter 


100 kHz Max 


DIGITAL VOLTMETER 


ADD3501 
31/2-Digit 
0.05% 
200 ms 
2V 
7-Segment 
+5 
· 
28-Pin DIP 
3 1/2-Digit 
LED 


LED Drive 
DVM 


ADD3701 
33/4-Digit 
0.05% 
400 ms 
2V 
7-Segment 
+5 
· 
28-Pin DIP 
3 3/4-Digit 
LED 


LED Drive 
DVM 


·Temperature 
ranges are: "M" is - 55 
DC to + 125 


DC ambient; "I" is - 40·C to + 85°C or - 25°C to + 85°C; "e" is DOGto lO·C. 


tProduct to be announced. 


Part 
Resolution 
linearity 
Internal 
Output 
Settling 
Supplies 
Temperature 


@ 2SoC 
Op 
Time 
Range" 
Package 
Comments 
No. 
(Bits) 
(Max) 
Reference 
Amp 
(+112 
LSB) 
(V) 
M 
I 
C 


DACOaoo 
8 
0.19 
100 ns 
±5 
to ±15 
· · 
16-Pin DIP 
High Speed 


Multiplying 


DAC0801 
8 
0.39 
100 ns 
±5to 
±15 
· · 
16-Pin DIP 
High Speed 
Multiplying 


DAC0802 
8 
0.10 
100 ns 
±5 
to 
±15 
· · 
16-Pin DIP 
High Speed 


Multiplying 


DAC0806 
8 
0.78 
150 ns 
±5to 
±15 
· 
16-Pin DIP 
Multiplying 


DAC0807 
8 
0.39 
150 ns 
±5 
to ±15 
· 
16-Pin DIP 
Multiplying 


DAC0808 
8 
0.19 
150 ns 
±5to 
±15 
· · 
16-Pin DIP 
Multiplying 


DAC0830 
8 
0.05 
11"s 
5 to 15 
· · · 
20-Pin DIP 
I"P Compatible 
4-Quadrant 


Multiplying 


DAC0831 
8 
0.10 
11"s 
5 to 15 
· · 
20-Pin DIP 
I"P Compatible 
4-Quadrant 


Multiplying 


DAC0832 
8 
0.20 
11"s 
5 to 15 
· · 
20-Pin DIP 
JLPCompatible 


4-Quadrant 
Multiplying 


DAC1000 
10 
0.05 
500 ns 
5to 
15 
· · · 
24-Pin DIP 
JLPCompatible 


Double 


Buffered 


DAC1OO1 
10 
0.1 
500 ns 
5to 
15 
· · 
24-Pin DIP 
I"P Compatible 
Double 
Buffered 


DAC1oo2 
10 
0.2 
500 ns 
5 to 15 
· · 
24-Pin DIP 
JLPCompatible 


Double 
Buffered 


DAC1006 
10 
0.05 
500 ns 
5 to 15 
· · · 
20-Pin DIP 
JLPCompatible 


Double 
Buffered 


DAC1oo7 
10 
0.1 
500 ns 
5 to 15 
· · 
20-Pin DIP 
JLPCompatible 


Double 


Buffered 


DAC1008 
10 
0.2 
500 ns 
5 to 15 
· · 
20-Pin DIP 
JLPCompatible 


Double 


Buffered 


DAC1020 
10 
0.05 
500 ns 
5 to 15 
· · · 
16-Pin DIP 
4-Quadrant 


Multiplying 


DAC1021 
10 
0.1 
500 ns 
5to 
15 
· · · 
16-Pin DIP 
4-Quadrant 


Multiplying 


DAC1022 
10 
0.2 
500 ns 
5 to 1S 
· · · 
16-Pin DIP 
4-Quadrant 


Multiplying 


DAC1200 
12 
0.012 
. 
. 
300 nS-louT 
± 15 
· · 
24-Pin DIP 
Current 
or 


2.5 JLS-VOUT 
Voltage 
Mode 


DAC1201 
12 
0.049 
. 
. 
300 nS-louT 
± 15 
· · 
24-Pin DIP 
Current 
or 


2.5JLs-VOUT 
Voltage 
Mode 


DAC1208 
12 
0.012 
1 JLS 
5 to 15 
· · 
24-Pin DIP 
JLPCompatible 
4-Quadrant 


Multiplying 


DAC1209 
12 
0.024 
1 JLS 
5 to 15 
· · 
24-Pin DIP 
JLPCompatible 


4-Quadrant 
Multiplying 


_ ..- ._.- 
.- 
_ ....••. 
. r- 
........... 
_ .......... 
YO' 
.••••.•••••••• 
1""' 
••••••••••••• 


4-Quadrant 


Multiplying 


DAC1218 
12 
0.012 
11's 
5 to 15 
· · 
18-Pin DIP 
4-Quadrant 


Multiplying 


DAC1219 
12 
0.024 
11's 
5 to 15 
· · 
18-Pin DIP 
4-Quadrant 


Multiplying 


DAC1220 
12 
0.05 
500 ns 
5 to 15 
· · · 
18-Pin DIP 
4-Quadrant 


Multiplying 


DAC1221 
12 
0.1 
500 ns 
5 to 15 
· · · 
18-Pin DIP 
4-Quadrant 


Multiplying 


DAC1222 
12 
0.2 
500 ns 
5 to 15 
· · · 
18-Pin DIP 
4-Quadrant 


Multiplying 


DAC1230 
12 
0.012 
11's 
5 to 15 
· · · 
20-Pin DIP 
I'P Compatible 
4-Quadrant 


Multiplying 


DAC1231 
12 
0.024 
11's 
5 to 15 
· · 
20-Pin DIP 
I'P Compatible 
4-Quadrant 


Multiplying 


DAC1232 
12 
0.05 
11's 
5 to 15 
· · 
20-Pin DIP 
I'P Compatible 
4-Quadrant 


Multiplying 


tDAC1265A 
12 
0.006 
· 
200 ns 
±15 
· · 
24-Pin DIP 
Hi-Speed 


tDAC1265 
12 
0.012 
· 
200 ns 
±15 
· · 
24-Pin DIP 
Hi-Speed 


DAC1280 
12 
0.024 
· 
· 
300 ns-IOUT 
±15 
· 
24-Pin DIP 
Current 
or 


2.5I's-VoUT 
Voltage 
Mode 


DAC1280A 
12 
0.012 
· 
· 
300 ns-IOUT 
± 11.4 to 
± 15.75 
· 
24-Pin DIP 
Current 
or 


2.5I's-VOUT 
Voltage 
Mode 


DAC1285 
12 
0.012 
· 
· 
300 ns -lOUT 
±15 
· · 
24-Pin DIP 
Current 
or 


2.5I's-VOUT 
Voltage 
Mode 


DAC1285A 
12 
0.012 
· 
· 
300 ns -lOUT 
± 11.4 to 
± 15.75 · · 
24-Pin DIP 
Current 
or 


2.5I's-VOUT 
Voltage 
Mode 


• Ambienllemperalure 
range for "M" is - 55·C 10 + 12S·C. "I" is - 2S·C 10 + 85·C or - 4O·C 10 + 85·C. "C" is O·C 10 lO·C. 


tProducllo 
be announced. 


~National 
~ 
Semiconductor 


Accuracy: 
Sum of all errors: 
non-linearity, 
zero-scale, 
full- 


scale, 
temperature 
drift, 
etc. Careful-this 
term 
is some- 


times 
confused 
with 
resolution 
and/or 
non-linearity. 


Conversion 
Time: The time 
required 
for a complete 
meas- 
urement 
by an A/D converter. 


Full·Scale 
Error: 
Deviation 
from 
true 
full·scale 
output 


when 
specified 
reference 
voltage 
is applied. 


Full·Scale 
Tempco: 
Change 
in scale 
error due to tempera- 


ture, 
usually 
expressed 
in parts 
per million 
per degree 


(ppm/°C). 


Monotonicity: 
A DAC whose 
output 
always 
increases 
for 
increasing 
digital 
input codes 
is said to be monotonic, 
i.e., 


does 
not decrease 
at any point. 


Non·Linearity: 
Worst-case 
deviation 
from the line between 


the 
endpoints 
(zero 
and 
full-scale). 
Can 
be expressed 
as a percentage 
of full-scale 
or in fractions 
of an LSB. 
± 1/2 LSB is a desirable 
specification. 


Power·Supply 
Sensitivity: 
The 
sensitivity 
of 
a convert· 


er to DC changes 
in power-supply 
voltages 
is normally 
ex- 
pressed 
in terms 
of percentage 
change 
in analog 
input 
value. 
Power-supply 
sensitivity 
may also 
be expressed 
in 
relation 
to a specified 
DC shift 
of the supply 
voltage. 


Quantizing 
Error: 
± 1/2 
LSB 
error 
inherent 
in 
all 
A/D 


conversions. 
Cannot 
be eliminated. 


Ratiometric 
Converter: 
The output 
of an A/D converter 
is a 
digital 
number 
proportional 
to the ratio of (some 
measure 


of) the input 
to a reference. 
Most requirements 
for conver- 
sions 
call 
for 
an absolute 
measurement, 
i.e., against 
a 


fixed 
reference. 
In some cases, 
where the measurement 
is 


affected 
by a changing 
reference 
voltage, 
it is advanta- 


geous 
to use that 
same reference 
as the reference 
for the 


conversion, 
to eliminate 
the effect 
of variation. 


Resolution: 
The most 
important 
converter 
specification. 


This 
is the 
number 
of steps 
the 
full-scale 
signal 
can 
be 


divided 
into, and therefore 
the size of the steps. 
May be ex- 


pressed 
as the number 
of bits 
in the digital 
word, 
the size 


of a least significant 
bit (smallest 
step) as a percent 
of full- 


scale, 
or an LSB in millivolts 
(for a given 
full-scale). 


Bits 
Steps 
LSB Size 
LSB Size 


(2N) 
(% of Full-Scale) 
(10V Full·Scale) 


6 
64 
1.588% 
158.8 mV 


8 
256 
0.392% 
39.2 mV 


10 
1,024 
0.0978% 
9.78 mV 


12 
4,096 
0.0244% 
2.44 mV 


14 
16,384 
0.0061% 
0.61 mV 


16 
65,536 
0.0015% 
0.15 mV 


Settling 
Time: 
Time 
from 
change 
in input 
until 
output 
re- 


mains 
within 
± 1/2 LSB (or some specified 
percentage) 
of 


final 
output. 


3 1/2 Digit 
BCD: 
Maximum 
output 
count 
or display 
is 


±1.999 
(±2000 
counts}-approximately 
11 binary 
bits 


plus sign. 


3 3/4 
Digit 
BCD: 
Maximum 
output 
count 
or display 
is 


±3.999 
(±4000 
counts)-approximately 
12 binary 
bits 


plus sign. 


~National 
~ 
Semiconductor 


AD7520/AD7530 
10-Bit, AD7521/AD7531 
12-Bit 
Binary Multiplying 
D/A Converters 


General 
Description 


The AD7520 
and the AD7521 
are, respectively, 10 and 


12-bit 
binary 
multiplying 
digital-to-analog 
converters. 
A 
deposited 
thin 
film 
R-2R 
resistor 
ladder 
divides 
the reference current 
and provides the circuit 
with ex- 
cellent 
temperature 
tracking 
characteristics 
(typically 
o.oOO2%fC 
linearity 
error temperature coefficient). 
The 


circuit 
uses CMOS current 
switches and drive circuitry 
to achieve low power consumption 
(30 mW maxI and 


low leakages (200 nA maxI. The digital inputs are com- 
patible with 
DTLlTTL 
logic levels as well as full 
CMOS 
logic level swings. This part, combined with 
an external 


amplifier and voltage reference, can be used as a standard 
D/A 
converter; 
however, 
it 
is also very 
attractive 
for 
multiplying 
applications 
(such as digitally 
controlled 
gain blocks) since its linearity 
error 
is essentially inde- 
pendent of the voltage reference. 


This part is available with 
10-bit (0.05%), 9-bit 
(0.10",1,), 


and 
8-bit 
(0.20%) 
non-linearity. 
The 
AD7520L, 
AD7520K, 
and AD7520J 
are direct 
replacements for 


15 
VREF 
IN 


14 
v+ 


1l 


Al0 
(lS8) 


12 
A9 


11 A' 


the 10-bit resolution 
AD7520 
and AD7530 
family, 
and 


equivalent to AD7533 
family. 
The AD7521 K, AD7521J 


and 
AD7521 L are direct 
replacements for 
the 
12-bit 


resolution 
AD7521 
and 
AD7531 
family. 
For 
more 


information, 
see DAC1020 data sheet. 


• 
Linearity 
specified with zero and full-scale adjust only 


• 
Integrated thin film on CMOS structure 


• 
10-bit or 12-bit resolution 


• 
Low power dissipation 10 mW @ 15V typ 


• 
Accepts variable or fixed reference -25V 
~ VREF ~ 


+25V 


• 
4-quadrant multiplying 
capability 


• 
Interfaces directly with DTL, TTL and CMOS 


• 
Fast settling time-600 
ns typ 


• 
Low feedthrough error-l/2 
LSB @ 100 kHz typ 


: 
I 
I 
I 
I b 
b 
I 
LA:'" _.: 
__ 
-.J 


18 


RFEEDBACI< 


11 
VREF 
IN 


16 v+ 


15 
A12lLSBl 


14 


All 


TEMPERATURE 
RANGE 
o"c to 700e 
~40oC to +8S"C 
-5SoC 
to +12S"C 


0.05% 
AD7520lN 
I 
AD7530LN 
A07520LD I 
AD7530LD 
AD7520UD 


ACCURACY 
0.10% 
AD7520KN 
AD7530KN 
A07520KD 
I 
AD7530KD 
AD7520TD 


0.20% 
AD7520JN 
I 
AD7530JN 
AD7520JD 
I 
AD7530JD 
AD7520SD 


PACKAGE 
OUTLINE 
N16A 
D16C 
D16C 


TEMPERATURE 
RANGE 
ooc to lOoC 
-40"C 
to +8S"C 
-5S"C 
to +12S"C 


I 
005% 
AD7521LN 
I AD7531LN 
AD7521 LD I 
AD7531 LD 
AD7521UO 


ACCURACV 
\ 
0.10% 
AD7521KN 
AD7531KN 
AD7521KD' 
AD7531 KD 
AD752lTD 


I 
0.20% 
AD7521JN 
I 
AD7531JN 
AD7521JD 
I 
AD7531JD 
AD7521S0 


PACKAGE 
OUTLINE 
Nt8A 
D18A 
D18A 


Operating 
Temperature 
Range 
:t=- 
Absolute Maximum Ratings 
0 


MIN 
MAX 
UNITS 
-.... 


AD7520LN, 
AD7520KN, 
AD7520JN 
0 
+70 
·c 
U1 
N 
v+ to Gnd 
17V 
AD7521 
LN, AD7521 KN, AD7521JN 
0 
+70 
·c 
0 
VREF 
to Gnd 
±25V 
AD7530LN, 
AD7530KN, 
AD7530JN 
0 
+70 
·c - 


Digital 
Input 
Voltage 
Range 
V+ to Gnd 
AD7531 
LN, AD7531 KN, AD7531JN 
0 
+70 
·C 
:t=- 
DC Voltage at Pin 1 or Pin 2 (Note 3) 
-100 
mV to V+ 
AD7520LD, 
AD7520KD, 
AD7520JD 
-40 
+85 
·C 
0 
Storage 
Temperature 
Range 
--65·C to +150·C 
AD7521 
LD, AD7521 KD, AD7521JD 
-40 
+85 
·C 
Lead Temperature 
(Soldering, 
10 seconds) 
300·C 
AD7530LD, 
AD7530KD, 
AD7530JD 
-40 
+85 
·C 
-.... 
U1 
AD7531 
LD, AD7531 KD, AD7531JD 
-40 
+85 
·C 
CN 
AD7520UD, 
AD7520TD, 
AD7520SD 
-55 
+125 
·C 
0 
AD7521UD, 
AD7521TD, 
AD7521SD 
-55 
+125 
·C 
.• 


Electrical Characteristics 
IV+ = 15V, 
VR EF = 1O.OOOV, T A = 25°C 
unless otherwise specified) 
:t=- 
O 


AD7520L, AD7520K, 
AD7521L. AD7521K, 
-.... 


AD7520J 
AD7521J 
U1 
PARAMETER 
CDNDITIONS 
UNITS 
N 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
••• 


Resolution 
10 
12 
Bits 
j; 


Linearity 
Error 
TMIN<:;TA<:;TMAX, 
0 
-lOV <:;VREF <:;+10V, 
-.... 


(Note 
1) End Point 
Adjustment 
Only 
U1 


(See Linearity 
Error 
in Definition 
of Terms) 
CN 
lO·bit Parts 
AD7520L, AD7520U, AD7521 L, AD7521U, AD7530L, AD7531 L 
0.05 
0.05 
% FSR 
..• 


9-bit Parts 
AD7520T, AD7520K, AD7521T. AD7521 K, AD7530K, AD7531 K 
0.10 
0.10 
%FSR 


a-bit Parts 
AD7520S, AD752OJ, AD7521S, AD7521J, AD7530J, AD7531J 
0.20 
0.20 
% FSR 


Linearity 
Error 
Tempco 
-10V <:;VREF <:;+10V, 
0.0002 
0.0002 
% Fsfc 


(Notes 
1 and 
2) 


Full-Scale 
Error 
-lOV <:;VREF <:;+10V, 
0.3 
0.3 
% FS 


(Notes 
1 and 2) 


Full-Scale 
Error 
Tempco 
TMIN<TA<TMAX, 
0.001 
0.001 
% Fsfc 


(Note 
2) 


Output 
Leakage 
Current 
'oun 
All 
Digital 
Inputs 
Low, 
TMIN 
~ T A ~ TMAX 
200 
200 
nA 


'OUT2 
All 
Digital 
Inputs 
High, 
TMIN 
~ TA ~ TMAX 
200 
200 
nA 


Power 
Supply 
Sensitivity 
All 
Digital 
Inputs 
High. 
0.005 
0.005 
% FSIV 


14V<:;V+<:;16V 


(Figure 
2 of 
DAC1020 
data sheet) 


VREF 
Input 
Resistance 
10 
15 
20 
10 
15 
20 
kU 


Full·Scale 
Current 
Settling 
R L "" 1ClOn from 
0 to 99.95% 


Time 
FS 


All 
Digital 
Inputs 
Switched 
500 
500 
ns - 


Simultaneously 


VREF 
Feedthrough 
All 
Digital 
Inputs 
Low, 
10 
10 
mVITP 
VREF' 
20 Vp-p@ 100 kH, 


D Package 
(Note 
4) 
6 
9 
6 
9 
mVp-p 


N Package 
2 
5 
2 
5 
mVp·p 


Output 
Capacitance 


lOUT! 
All 
Digital 
Inputs 
Low 
40 
40 
pF 


All 
Digital 
Inputs 
High 
200 
200 
pF 


'OUT2 
All 
Digital 
Inputs 
Low 
200 
200 
pF 


All 
Digital 
Inputs 
High 
40 
40 
pF 


Digital 
Input 
(Note 
11 


Low 
Threshold 
TMIN < TA < TMAX. 
0.8 
0.8 
V 


High Threshold 
TMIN<TA<TMAX 
2.4 
2.4 
V 


Digital 
Input 
Current 
TMIN <:;TA<:; TMAX 


Digital 
Input 
High 
1 
100 
1 
100 
"A 


Digital 
Input 
Low 
-50 
-200 
-50 
-200 
"A 


Supply 
Current 
All 
Digital 
Inputs 
High 
0.2 
1.6 
0.2 
1.6 
mA 


All 
Digital 
Inputs 
Low 
0.6 
2 
0.6 
2 
mA 


Operating 
Power 
Supply 
Range 
5 
15 
5 
15 
V 


Note 
1: 
VREF 
= ±10V and VREF 
= ±lV_ 


Note 
2: 
Using 
internal 
feedback 
resistor. 


Note 
3: 
Both 
IOUTl 
and 
IOUT2 
must 
go 
to 
ground 
or 
the 
virtual 
ground 
of 
an 
operational 
amplifier. 
For 
every 
millivolt 
offset 
between 
'OUTl 
or 
IOUT2. 
0.005% 
linearity 
error 
will 
be 
introduced. 


Note 
4: 
To 
achieve 
this 
low 
feedthrough 
in 
D package, 
the 
user 
must 
ground 
the 
metal 
lid. 
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V- 
4 
1 
V 
25 
VSS 
24 


16 
PG 
26 
VR 
COMP OUT 
COMP 
POL 


17 
OR 
22 
Vx 
RU- 
RU- 
MSB 


18 
21 
AG 
PO/RU+ 
PO/RU+ 


1M 
15 
20 
DC 
DC 


14 
19 
12·BIT 
TRI·STATE 
LflJJOO 
RR 
RR 
AOB1200 
BINARY 
DATA 
OUTPUT 


18 
OG 
GNO 


2B 
PIS 


SCLK 
LSB 


DE 
'=' 
END Of 
DIGITAL 
CONVERSION 
GNO 


250 kHz 
START 
CLOCK 
CONVERSION 
INPUT 


The AOB1200 is the digital controller for the LF133000+ 
analog building block. Together they form an integrating 
12-bit A/O 
converter. 
The AOB1200 provides all 
the 
necessary 
control 
functions, 
plus 
features 
like 
auto 
zeroing, polarity 
and overrange indication, 
as well as 
continuous conversion. The 12-bit plus sign parallel and 
serial 
outputs 
are TRI-STATE® TTL level compatible. 
The device also includes output latches to simplify data 
bus interfacing. 


15V 


5V 


POWER 
GNo 


POLYPROPYLENE 
{ 
CAPACITOR 


• 
12-bit binary output 


• 
Parallel or serial output 


• 
TRI-STATE output 


• 
Polarity indication 


• 
Overrange indication 


• 
Continuous conversion capability 


• 
100% overrange capability 


• 
5V, -15V 
power requirements 


• 
TTL compatible 


• 
Clock frequency to 1 MHz 


Supply Voltage (VSS) 
Supply Voltage (VGG) 
Voltage at Any Input 
Operating Temperature 
Storage Temperature 
lead Temperature 
(Soldering, 10 seconds) 


5.25V 


-16.5V 
5.25V 
O°C to +70°C 


-40°C 
to +150oC 
300°C 


Electrical 
Characteristics 


VSS = 5V, VGG = -15V, o°c to +70°C, unless otherwise specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Power Supply Voltage (VSS) 
4.75 
5.00 
5.25 
V 


Power Supply Voltage (VGG) 
-13.5 
-15.00 
-16.5 
V 


Power Supply Current (lSS) 
28 
mA 


Power Supply Current (IGG) 
34 
mA 


logic "1" Input Voltage 
3.4 
V 


logic "0" Input Voltage 
0.8 
V 


logic "1" Output Voltage 
VSS = 4.75V, IOH = 100 !.LA 
3.8 
V 


logic "0" Output Voltage 
VSS = 5.25V, IOl = -1.6 
mA 
0.4 
V 


Width of EOC 
Auto Cycle 
5/f 
see 


Prop. Delay COMP to EOC 
4/f 
5/f+1 IlS 
see 


Output 
Enable Time 
OE to Any Data Output, 
1.0 
Ils 


SC = 1, PIS = 0 
[;II 
Output Disable Time 
OE to Any Data Output, 
2.4 
IlS 


SC= 1,P/S=0 


Output 
Enable Time 
PIS to Any Data Output 
0.9 
IlS 


Except Polarity, SC = 1, 


OE = 0 


Output 
Disable Time 
PIS to Any Data Output 
2.2 
IlS 


Except Polarity, SC = 1, 


OE = 0 


Output Enable Time 
SC to Any Data Output, 
1.0 
IlS 


OE = 0, PIS = 0 


Output Disable Time 
SC to Any Data Output, 
2.4 
IlS 


OE = 0, PIS = 0 


Prop. Delay Serial Clock 
SClK to POL/SDO 
0.6 
IlS 


Conversion Time 
Full Scale 
8966/f 
see 


Conversion Time 
100% Overrange 
13062/f 
see 


Maximum Clock Frequency 
ClK, Pin 27 
500 
1000 
kHz 


Maximum Serial Clock Frequency 
SClK, Pin 1 
500 
1000 
kHz 


8-11 


SERIAL 
CLOCK 
BHET 
ANALOG 
(SClK) 


INTEGRATED 
CIRCUIT 


lF13300 
CONTAINING 
COMPARATOR 
IN (COMP) 


OP AMP. 
SWITCHES, 


COMPARATOR 
AND 
RelATED 
CIRCUITRY 


STAAT 
CONY. 
(5el 


OUTPUT 
ENABLE 
IDE) 


PARALLEL/SERIAL 
(PIS) 


(SClK) 
SERIAL 
CLOCK 


{Sel 
START 
CONVERSION 


{M} 
OUTPUT ENABLE 


(lSB) 
LEAST 
r12 
SIGNIFICANT 
BIT 


2-11 


2-10 
6 


2-' 


2-8 


PARAllEl 
DATA 
2-1 
OUTPUT 
LINES 


2-6 
10 


r' 
11 


2-' 
12 


13 
2-3 


2-2 
" 


28 
(PIS) PARALlEl/SERIAL 


SELECT 


21 
(elK! 
INPUT CLOCK 


26 
(COMP) 
COMPARATOR 


INPUT 
2' VGG 


24 
Vss 


23 
IEOCI END OF 


CONVERSION 


22 
IRU-l 
RAMP 
NEGATIVE 


21 
(PO/AU+) 
POLARITY 


DETECT/RAMP 
UNKNOWN 


20 
(OCIOFFSET 


CORRECTION 


19 
(AR) 
RAMP 
REFERENCE 


18 
GND 


17 
(POl/SOD) 
POLARITY/SERIAL 
DATA 
OUTPUT 


16 
(OR) 
QVEAAANGE 


15 
2-1 
(MSBI MOST 


SIGNIFICANT 
BIT 


OVERRANGE 


INDICATION 
(DRI 


12-BIT 
PARALLEL 
OUTPUT 


The ADB1200 
is designed for 
use with 
the LF13300 


analog front 
end. Four control 
signals are supplied 
to 
the 
LF13300 
and 1 control 
signal is required from the 
LF 13300. 
The 
conversion 
cycle 
is composed 
of 
5 


distinct 
phases. They 
are: Phase I - 
Offset 
Correct; 
Phase II 
- 
Polarity 
Detect; Phase III 
- 
Initialization; 
Phase IV - 
Ramp Unknown; 
PhaseV - 
Ramp Reference. 


This 
phase is initiated 
by taking 
the Start 
Conversion 


(SC) and the Output 
Enable (OE) lines to a logic "1 ". 
At this time, 
Offset 
Correct 
(OC) will 
be a logic "1 ". 
The LF 13300 requires this phase to correct any intrinsic 
offset 
voltage errors prior 
to the polarity 
detect phase. 


This phase is used to determine 
polarity 
of the analog 


input. 
At 
the midpoint 
of this phase, COMP from 
the 


LF13300 
is examined 
for 
polarity. 
If 
COMP = logic 


"1 ", 
then 
the 
input 
voltage 
is positive. 
If 
COMP = 
logic 
"0", 
then 
the 
input 
is negative. 
The 
Polarity 


Detect 
signal (PD/RU+) 
will 
be at a logic "1" 
during 


this entire 
phase. The above operation 
is also necessary 


to determine which integrator 
input (positive or negative) 


of the LF13300 
should be used for proper A/D conver· 


sion (see LF 13300 data sheet). 


This 
phase is identical 
to 
Phase I and is used by the 


LF 13300 to eliminate 
any offsets induced as a result of 


the Polarity 
Detect Phase. Offset Correct (OC) will be at 


a logic "1". 


The 
unknown 
input 
voltage 
is integrated 
for 
a fixed 


time, 
4096 clock 
periods, during this phase. The result 


of the Phase II Polarity 
Detect Cycle determines whether 
PD/RU+ or RU- 
will be at logic "1 ". If Phase II indicates 


a positive input, 
the PD/RU+ 
signal will 
be a logic "1 ". 


If 
phase II 
indicates 
a negative input, 
Ramp Negative 


(RU-) 
will 
be a logic "1 ". These 2 signals will never be 


at logic "1" 
simultaneously. 


This phase is a variable length phase depending on the 
magnitude of the analog input voltage. During this time, 
Ramp 
Reference 
(RR) 
will 
be in the logic "1" 
state. 


When COMP goes to 
a logic 
"0" 
state, or when 
the 
internal 
counter 
reaches 100% of full 
scale (8192 clock 
periods). 
the Ramp Reference (R R) signal goes to the 


logic 
"0" 
state, the counter 
output 
is loaded into 
the 


output 
register, 
and 
the 
End 
of 
Conversion 
(EOC) 


signal goes to a logic "1 ". The Polarity 
Bit will 
reflect 


whatever 
value was determined 
during 
Phase II. 
The 


output 
register will 
hold the data until a new conversion 


is completed 
and new data is loaded into 
the register. 


The OE line must be low in the logic "0" 
state and SC 
must be high in the logic "1" state to enable the outputs. 


Both serial and parallel outputs 
are available. In either 


case, 0E must be low and SC must be high to enable 
the outputs. 
For parallel output, 
the PIS line must be 


low in the logic "0" 
state. For serial outputs, 
the PIS 
line must be high. In the serial mode, the data is shifted 
out of the Polarity/Serial 
Output 
(POL/SDO) 
line and all 
other 
data 
outputs 
are in the high 
impedance 
state. 


Each Serial Clock 
(SCLK) 
will 
right 
shift 
the output 


register one bit. 
Thus, 
13 clock 
pulses are required 
to 


fully 
shift 
out the data. The data will 
be shifted out in 
the 
following 
order: 
Polarity, 
Overrange, 
MSB, 2SB, 


3SB, ... 
, LSB. If OE and PIS are in the logic "0" 
state 


and SC in the logic "1" 
state, all outputs 
will 
momen- 


tarily 
go to 
the 
logic 
"1" 
state 
for 
1 clock 
period 
immediately 
preceding EOC. 


In this mode, the End of Conversion 
(EOC) output 
is 


connected 
to 
the OE input. 
As long as SC is in the 


logic "1" 
state, then each EOC will 
initiate 
a new con· 


version. The data outputs 
will 
be disabled for the first 


5 clock cycles after EOC goes high. 


INPUT 
SC 
OE 
PIS 
LSB 
MSB 
OVER· 
POLARITY 
RANGE 


100% Full Scale 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


Full Scale 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 


Zero 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


Zero 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


-Full 
Scale 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 


-100% 
Full Scale 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 


Anv 
1 
1 
X 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 


Anv 
1 
0 
1 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Serial Output 


Any 
0 
X 
X 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 


1 = High 


0= 
Low 


Z = High Impedance 
X = Don't 
Care 
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Typical Applications 
(Continued) 
,... 
mc-d: 


SC 


EDC 
23 


27 
CLK 


DE 


3 


*Mav be common or separate. Care should be taken to avoid ground currents 


**Oirect or multiplexed 
access to the processor 


Note. 
This application 
is related 
to Figure 4 of timing 
diagrams 


~National 
~ 
Semiconductor 


ADcoaoo a·Bit AID Converter 


General 
Description 


The 
ADC0800 
is an 8-bit 
monolithic 
AID 
converter 


using 
P-channel 
ion-implanted 
MOS 
technology. 
It 


contains 
a 
high 
input 
impedance 
comparator, 
256 


series resistors and analog switches, 
control 
logic and 


output 
latches. Conversion 
is performed 
using a succes- 
sive 
approximation 
technique 
where 
the 
unknown 


analog 
voltage 
is compared 
to 
the 
resistor tie 
points 
using analog switches. 
When the appropriate 
tie point 
voltage 
matches 
the 
unknown 
voltage, 
conversion 
is 
complete 
and the digital outputs 
contain 
an 8-bit com- 
plementary 
binary 
word 
corresponding 
to 
the 
un- 


known. 
The 
binary 
output 
is TRI-STATE® 
to permit 
bussing on common data lines. 


The 
ADC0800PD 
is specified 
over -55°C 
to 
+125°C 
and the 
ADC0800PCD 
is specified over O°C to 70°C. 


R-NETWORK 
TOP 


15 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 


::\~""' 
:~ d- 


I 
ANALOG 
I 


SWITCHE+ 
-J_ 


VIN 
ANALOG 
INPUT 


• 
Low cost 


• 
±5V, 10V input ranges 


• 
No missing codes 


• 
Ratiometric 
conversion 


• 
TRI-STATE 
outputs 


• 
Fast 
• 
Contains output 
latches 


• 
TTL compatible 


• 
Supply voltages 


• 
Resolution 


• 
Linearity 


• 
Conversion speed 


• 
Clock range 


VSS 


(PMOS 
BOOY) 


10 


SELECTION 


ANO 
CONTROL 
LOGIC 


-.J 


17 
16 
14 
13 


MSB 
LSB 


COMPLEMENTARY 
OIGITAL 
OUTPUT 


5 VDC and -12 
VDC 


8 bits 


±1 LSB 


40 clock periods 


50 to 800 kHz 


I 
I 


16 
START 


ICONVERSION 


ENO OF 
CONVERSION 
(EOCI 


"""",, 
•..•.. ,. 


VSS + 0.3V to VSS-22V 
150°C 


Voltage at Any 
Input 


Storage Temperature 
Operating Temperature 


ADC0800PD 


ADC0800PCD 


Lead Temperature 
(Soldering, 
10 seconds) 


-55°C 
to +125°C 


O°C to +70°C 
300°C 


These specifications 
apply for VSS = 5.0 VDC, VGG = -12.0 
VDC, VDD = 0 VDC, a reference voltage of 10.000 VDC across 
the on-chip 
R-network 
(VR-NETWORK 
TOP = 5.000 
VDC 
and VR-NETWORK 
BOTTOM 
= -5.000 
VDc), 
and a clock fre- 
quency of 800 kHz. For all tests, a 475.11 resistor is used from pih 5 to ground. 
Unless otherwise 
noted, these specifications 
apply 
over an ambient temperature 
range of _55°C 
to +125°C for the ADC0800PD 
and O°C to +70°C for the ADC0800PCD. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Non-Linearity 
TA = 25°C, (Note 1) 
±1 
LSB 


Over Temperature, 
(Note 
1) 
±2 
LSB 


Differential 
Non-Linearity 
±1/2 
LSB 


Zero Error 
±2 
LSB 


Zero Error Temperature 
Coefficient 
(Note 2) 
0.01 
%fC 


Full-Scale Error 
±2 
LSB 


Full·Scale Error Temperature 
Coefficient 
(Note 2) 
0.01 
%fC 


Input 
Leakage 
1 
/lA 


Logical "1" 
Input Voltage 
All Inputs 
VSS-1.0 
VSS 
V 


Logical "0" 
Input Voltage 
All 
Inputs 
VGG 
VSS-4.2 
V 


Logical Input Leakage 
TA = 25°C, All Inputs, VIL = 
1 
/lA 


VSS - 
10V 


Logical "1" 
Output 
Voltage 
All Outputs, 
IOH = 100 /lA 
2.4 
V 


Logical "0" 
Output 
Voltage 
All Outputs, 
IOL = 1.6 mA 
0.4 
V 


Disabled Output 
Leakage 
T A = 25°C, All Outputs, 
VOL = 
2 
/lA 


VSS @ 10V 


Clock Frequency 
0°C~TA~+70°C 
50 
800 
kHz 


-55°C 
~ TA ~ +125°C 
100 
500 
kHz 


Clock Pulse Duty Cycle 
40 
60 
% 


TR I·STATE 
Enable/Disable 
Time 
1 
/lS 


Start Conversion Pulse 
(Note 3) 
1 
31/2 
Clock 


Periods 


Power Supply Current 
TA = 25°C 
20 
mA 


Note 1: 
Non-linearity 
specifications are based on best straight line. 


Note 2: 
Guaranteed by design only. 


Note 3: 
Start conversion pulse duration greater than 3 1/2 clock periods will cause conversion errors. 


'5V-n 


OV~ 
L-'l-I----------------- 
.5V, 
I 
~\----40Xll/fl----- 


OV 
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Application 
Hints 


OPERATION 


The 
ADC0800 
contains 
a 
network 
with 
256·300Sl 
resistors 
in series. 
Analog 
switch 
taps 
are 
made 
at 
the 
junction 
of 
each 
resistor 
and 
at each 
end 
of 
the 
net- 


work. 
In 
operation, 
a 
reference 
(1O.00V) 
is 
applied 


across 
this 
network 
of 
256 
resistors. 
An 
analog 
input 


(VIN) 
is 
first 
compared 
to 
the 
center 
point 
of 
the 
ladder 
via 
the 
appropriate 
switch. 
If V,N 
is larger 
than 


VREFI2, 
the 
internal 
logic 
changes 
the 
switch 
points 


and 
now 
compares 
VIN 
and 
3/4 
VREF. 
This 
process, 


known 
as successive 
approximation, 
continues 
until 
the 


best 
match 
of VIN and VREF/N 
is made. 
N now defines 


a specific 
tap 
on the 
resistor 
network. 
When 
the conver- 
sion 
is complete, 
the 
logic 
loads 
a binary 
word 
corres- 


ponding 
to this 
tap 
into 
the 
output 
latch 
and 
an end of 


conversion 
(EOC) 
logic level appears. 
The 
output 
latches 
hold 
this 
data 
valid 
until 
a new 
conversion 
is completed 


and new data 
is loaded 
into 
the 
latches. 
The data 
transfer 


occurs 
in 
about 
200 
ns 
so 
that 
valid 
data 
is present 


virtually 
all 
the 
time. 
Conversion 
requires 
40 
clock 


periods. 
The 
device 
may 
be operated 
in the 
free 
run- 


ning 
mode 
by 
connecting 
the 
Start 
Conversion 
line 
to 


the 
End 
of Conversion 
line. 
However, 
to ensure 
start-up 


under 
all 
possible 
conditions, 
an external 
Start 
Conver- 


sion pulse 
is required 
during 
power 
up conditions. 


The 
reference 
applied 
across 
the 
256 
resistor 
network 


determines 
the 
analog 
input 
range. 
VREF 
= 
10.00V 


with 
the 
top 
of the 
R-network 
connected 
to 5V and the 


bottom 
connected 
to 
-5V 
gives 
a 
±5V 
range. 
The 


reference 
can 
be level 
shifted 
between 
VSS 
and 
VGG. 


However, 
the 
voltage, 
which 
is applied 
to the top 
of the 
R-network 
(pin 
15), 
must 
not 
exceed 
VSS 
to 
prevent 


forward 
biasing 
the 
on-chip 
parasitic 
silicon 
diode 


which 
exists 
between 
the 
P-diffused 
resistors 
(pin 
15) 


and 
the 
N-type 
body 
(pin 
10, VSS). 
Use of a standard 


logic 
power 
supply 
for 
VSS 
can 
cause 
problems, 
both 


due 
to 
initial 
voltage 
tolerance 
and 
changes 
over 
tem- 


perature. 
A solution 
is to 
power 
the 
VSS 
line 
(15 
mA 


max 
drain) 
from 
the 
output 
of 
the 
op 
amp 
which 
is 
used 
to 
bias 
the 
top 
of 
the 
R-network 
(pin 
15). 
The 


analog 
input 
voltage 
and 
the 
voltage 
which 
is applied 


to 
the 
bottom 
of 
the 
R-network 
(pin 
5) 
must 
be at 


least 
7V 
above 
the 
-VDD 
supply 
voltage 
to 
insure 


adequate 
voltage 
drive to the analog 
switches. 


Other 
reference 
voltages 
may 
be used 
(such 
as 10.24V). 


If a 5V 
reference 
is used, 
the 
analog 
range 
will 
be 5V 
and 
accuracy 
will 
be reduced 
by a factor 
of 2. Thus, 
for 
maximum 
accuracy, 
it 
is desirable 
to 
operate 
with 
at 


least 
a 10V 
reference. 
For 
TTL 
logic levels, 
this 
requires 


5V 
and 
-5V 
for 
the 
R-network. 
CMOS 
can 
operate 
at 
the 
10 VDC 
VSS 
level 
and 
a single 
10 VDC 
reference 


can 
be used. 
All digital 
voltage 
levels for both 
inputs 
and 
outputs 
will be from 
ground 
to VSS. 


ANALOG 
INPUT 
AND 
SOURCE 
RESISTANCE 
CON- 


SIDERATIONS 


The 
lead 
to the 
analog 
input 
(pin 
12) should 
be kept 
as 


short 
as possible. 
Both 
noise 
and 
digital 
clock 
coupling 
to this input can cause conversion errors. To minimize 
any 
input 
errors, 
the 
following 
source 
resistance 
consid- 
erations 
should 
be noted: 


No 
analog 
input 
bypass 
capacitor 
required, 
although 
a 0.1 
/IF 
input 


bypass 
capacitor 
will 
prevent 
pick- 


up 
due 
to 
unavoidable 
series 
lead 
inductance. 


For 5k < Rs :s; 20k 
A 0.1 
/IF capacitor 
from 
the 
input 
(pin 
12) to ground 
should 
be used. 


If the 
overall 
converter 
system 
requires 
lowpass 
filtering 


of 
the 
analog 
input 
signal, 
use 
a 20 
kSl 
or 
less series 


resistor 
for 
a passive 
RC section 
or add 
an op amp 
RC 
active 
lowpass 
filter 
(with 
its 
inherent 
low 
output 


resistance) 
to 
insure 
accurate 
conversions. 


The 
clock 
lead 
should 
be 
kept 
away 
from 
the 
analog 
input 
line to reduce 
coupling. 


The 
logical 
"1" 
input 
voltage 
swing 
for the 
Clock, 
Start 
Conversion 
and 
Output 
Enable 
should 
be (VSS 
- 
1.0V). 


Application Hints 
(Continued) 


CMOS 
will satisfy 
this requirement 
but a pull-up 
resistor 


should 
be used 
for TTL 
logic inputs. 


The 
EOC 
line 
(pin 
9) will be in the 
low state 
for a maxi- 
mum 
of 40 clock 
periods 
to 
indicate 
"busy". 
A START 
pulse 
which 
occurs 
while 
the A/D 
is BUSY 
will reset the 
SA R and 
start 
a new 
conversion 
with 
the 
EOC 
signal 
remaining 
in 
the 
low 
state 
until 
the 
end 
of 
this 
new 


conversion. 
When 
the 
conversion 
is complete, 
the 
EOC 
line 
will 
go 
to 
the 
high 
voltage 
state. 
An 
additional 
4 
clock 
periods 
must 
be allowed 
to elapse 
after 
EOC goes 
high, 
before 
a new 
conversion 
cycle 
is requested. 
Start 
Conversion 
pulses 
which 
occur 
during 
this 
last 4 clock 
period 
interval 
may 
be ignored 
(see Figures 
1 and 2 for 
high 
speed 
operation). 
This 
is only 
a problem 
for high 
conversion 
rates 
and 
keeping 
the 
number 
of 
conver- 
sions 
per 
second 
less than 
(1/44) 
x fCLOCK 
automati- 
cally 
guarantees 
proper 
operation. 
For 
example, 
for 
an 
800 
kHz 
clock, 
18,000 
conversions 
per 
second 
are 
allowed. 
The 
transfer 
of 
the 
new 
digital 
data 
to 
the 
output 
is initiated 
when 
EOC 
goes 
to 
the 
high 
voltage 
state. 


Standard 
supplies 
are 
VSS 
= 
5V, 
VGG 
= 
-12V 
and 
VDD 
= OV. Device 
accuracy 
is dependent 
on 
stability 
of 
the 
reference 
voltage 
and 
has 
slight 
sensitivity 
to 
VSS 
- 
VGG· 
VDD 
has 
no 
effect 
on 
accuracy. 
Noise 


spikes 
on 
the VSS and VGG supplies 
can cause 
improper 
conversion; 
therefore, 
filtering 
each 
supply 
with 
a 
4.7 J.lF tantalum 
capacitor 
is recommended. 


CONTINUOUS 
CONVERSIONS 
AND 
LOGIC 
CON- 
TROL 


Simply 
tying 
the 
EOC 
output 
to 
the 
Start 
Conversion 
input 
will 
allow 
continuous 
conversions, 
but 
an oscilla- 
tion 
on this line will exist 
during 
the first 
4 clock 
periods 


after 
EOC goes 
high. 
Adding 
a D flip-flop 
between 
EGC 
(0 
input) 
to 
Start 
Conversion 
(Q output) 
will 
prevent 
the 
oscillation 
and 
will 
allow 
a stop/continuous 
control 
via the 
"clear" 
input. 


To 
prevent 
missing 
a start 
pulse 
which 
may 
occur 
after 
EGC 
goes 
high 
and 
prior 
to 
the 
required 
4 
clock 
period 
time 
interval, 
the 
circuit 
of Figure 
1 can be used. 


The 
RS 
latch 
can 
be 
set 
at 
any 
time 
and 
the 
4-stage 
shift 
register 
delays 
the 
application 
of 
the 
start 
pulse 


to 
the 
A/D 
by 
4 clock 
periods. 
The 
RS 
latch 
is reset 
1 clock 
period 
after 
the 
AID EGC signal 
goes to the 
low 


voltage 
state. 
This 
circuit 
also 
provides 
a Start 
Conver- 


sion 
pulse 
to 
the 
A/D 
which 
is 
1 clock 
period 
wide. 


A second 
control 
logic 
application 
circuit 
is shown 
in 
Figure 
2. 
This 
allows 
an 
asynchronous 
start 
pulse 
of 
arbitrary 
length 
less than 
TC, continuously 
converts 
for 
a fixed 
high 
level 
and 
provides 
a single 
clock 
period 
start 
pulse 
to the A/D. 
The 
binary 
counter 
is loaded 
with 
a count 
of 
11 when 
the 
start 
pulse 
to the 
A/D 
appears. 
Counting 
is inhibited 
until 
the 
EOC signal 
from 
the A/D 
goes 
high. 
A 
carry 
pulse 
is 
then 
generated 
4 
clock 


periods 
after 
EOC 
goes 
high 
and 
is used 
to 
reset 
the 


input 
RS latch. 
This 
carry 
pulse 
can 
be used 
to indicate 


that 
the 
conversion 
is complete, 
the data 
has transferred 
to the 
output 
buffers 
and 
the 
system 
is ready 
for a new 
conversion cycle. 


JL 
AOC0800 
CLOCK 


START 


CONVERSION 


Zero Adjustment: 
This is the offset voltage required at 
the 
bottom 
of 
the 
R-network 
(pin 
5) 
to 
make the 


11111111 
to 
11111110 
transition 
when 
the 
input 


voltage is 1/2 LSB (20 mV for a 10.24V scale). In most 
cases, this can be accomplished by having a 1 kn 
pot on 


pin 5. A resistor of 475.11can be used as a non-adjustable 
best approximation 
from pin 5 to ground. 


Typical Applications 


General Connection 


OUTPUT 
ENABLE 


sc 


EOC 


Full-Scale Adjustment: 
This is the offset voltage required 


at 
the 
top 
of 
the 
R-network 
(pin 
15) to 
make the 


00000001 
to 
00000000 
transition 
when 
the 
input 


voltage is 1 1/2 LSB from 
full-scale 
(60 mV less than 


full-scale for a 10.24V scale). This voltage is guaranteed 
to 
be within 
2 LSB for the ADC0800. 
In most cases, 


this can be accomplished 
by having a 1 kn 
pot on pin 


15. 


--·"'h 
'''1 
I'M329oz 


15VOC 


*See 
application 
hints 


-12 
VDl: 
A 1 and A2 = LM358N 
dual op amp 


• 
Permits 
TTL compatible 
outputs 
with 
OV to 10V input range (OV to -1QV 
input range achieved by reversing 
polarity 
of zener diodes and returning 
the 6.ak 
resistor 
to V-J. 


Figure 3 and 
the 
following 
sample 
program 
are included 
to 
illustrate 
both 
hardware 
and software 
requirements 
to 
allow 
output 
data 
from 
the 
AOC0800 
to be loaded 
into 
the 
memory 
of a microprocessor 
system. 
For this exam- 
ple, 
National's 
INS8060, 
SC/MP 
II, microprocessor 
has 
been 
used. 


The 
sample 
program, 
as shown, 
will start 
the 
converter, 
load 
the 
converter's 
output 
data 
into 
the 
accumulator, 


keep 
track 
of 
the 
number 
of 
data 
bytes 
entered, 
com- 
plement 
the 
data 
and 
store 
this 
data 
into 
sequential 
memory 
locations. 
After 
256 
bytes 
have 
been 
entered, 
the 
control 
jumps 
to 
the 
user's 
program 
where 
proces- 


sing of the data entered will 
be implemented. 
A more 
practical 
program 
whereby 
each data byte entered will 


be processed before another entry 
is made can easily be 
done by jumping 
back to the user's program at the end 


of the interrupt 
routine 
(where the data is loaded into 


the 
accumulator 
and stored 
in memory). 
The end of 
the user's program should 
provide 
a jump 
back to the 
INITIALIZE 
statement 
to 
start a new conversion 
and 


generate a new data entry. 


The following 
arbitrarily 
chosen addresses and pointer 


assignments are used in this example: 


Pointer 1 - 
WORD COUNT (ADDR:Ol00) 
Also used to point 
to the AID converter at 


address 0500 for this example when data is 
to be entered. 


Pointer 2 - 
ENTERED DATA (ADDR's: 
0200 ...•02FF) 


Data is stored 
in 2's complement 
binary 
form, 
i.e, 
01111111 
...• Hull-scale 
and 


10000000 ...•- 
full-scale. 


Pointer 3 - 
lOAD 
DATA 
SUBROUTINE 
(starts 
at 


ADDR:0300) 
Executed when an EOC signal generates an 
interrupt 
request via sense A after an IEN 


(interrupt 
enable) instruction. 


The address for 
the converter 
(0500) 
is unique for this 


particular 
sample program 
but may not 
be in a user's 


system so a different 
converter 
address must be used. 


Note 
that 
in Figure 3 ADX 
and ADY 
for 
the address 


decode 
circuitry 
would 
be address bits 
ADB 10 
and 
ADB8 
(pins 35 and 33 on the SC/MP II package) for 


converter address 0500. 


0001 
08 


0002 
C401 
0004 
35 
0005 
C400 
0007 
31 
0008 
C402 


OOOA 36 
OOOB C400 
DODD C900 
OOOF 32 
0010 
C403 


0012 
37 


Od13 
08 
0014 
C400 
0016 
33 
0017 
C401 
0019 
07 


001A 
ClOD 
ODIC 
F4 FF 
DOlE 
9805 


0020 
05 


0021 
08 
0022 
90 FE 
0024 
08 


NOP 
LDIX'Ol 
XPAH 1 
LDIX'OO 
XPAL 1 
LDIX'02 
XPAH 2 
LDIX'OO 
STIPll 
XPAL 2 
LDIX'03 
XPAH 3 
NOP 
LDIX'OO 
XPAL 3 
LDIX'Ol 
CAS 
LD (PI) 
XRIX'FF 
JZ DTA IN 


IEN 
NOP 
JMP LOOP 
NOP 


:DATA 
ENTRY SUBROUTINE 
0300 
08 
DATA 
IN SR: 
NOP 
0301 
A900 
ILD IPll 


0303 
C405 
LDIX'05 
0305 
35 
XPAH 1 
0306 
ClOD 
LD IPll 


0308 
F47F 


030A 
CE 01 
030C 
C400 
030E 
07 


030F 
C401 
0311 
35 
0312 
C413 


0314 
33 
0315 
3F 


XRIX'7F 


ST@ 
lIP2) 


LDIX'OO 
CAS 
LDIX'OI 
XPAH 1 
LDIX'13 
XPAL 3 
XPPC 3 


; Test 
to see if word 
count 
is FF, 


if so, jump 
to OTA IN 


; Enables 
INTERRUPT 


; Pl will 
point 
to converter 


; Converter 
data 
loaded 
into 


accumulator 


; Put data 
in 2'5 complement 
form 
; Store data 


16 


(19110 
VCC 
FLAG 
0 
B 
~sPW 


5 


AOX* 
* 
AOY 


ANALOG 


INPUT 


(-5V 
TO +5VI 


ClR 
PRST 


ClK 
Q 


1/2 MM74C74 


• 
Setting flag 0 (FLGO =: 1) with software, starts conversion (FLGO must be cleared before another conversion can be initiated) 


• 
With interrupt enabled an EGC will force an interrupt. 
Interrupt 
subroutine 
should load converter data into the accumulator. 
• 
Output data is in complementary offset binary form 


• 
Numbers in parentheses denote pin numbers of SC/MP chip 


*ADX and ADY can be any of the address 
lines but they 
must 
be high only at the time 
the converter 
output 
data 
is to be put on the data 
bus 
O.e., 
the 
converter 
must 
have 
its own 
unique 
address) 


There are many degrees of complexity 
associated with 
testing an AID 
converter. 
One of the simplest tests is to 


apply 
a known 
analog input 
voltage 
to the converter 


and use LED's 
to 
display 
the 
resulting 
digital 
output 


code as shown in Figure 
4. Note that the LED drivers 
invert the digital output 
of the AID 
converter to provide 


a binary 
display. A lab DVM can be used if a precision 


voltage source is not available. After 
adjusting the zero 


and full-scale, 
any number 
of 
points 
can be checked, 


as desired. 


For 
ease of 
testing, 
a 10.24 VDC 
reference is recom- 


mended for the AID 
converter. This provides an LSB of 


40 mV (10.240/256). 
To adjust the zero of the AID, 
an 


analog input 
voltage of 
112 
LSB or 20 mV should 
be 


II 
t 
~ 


applied and the zero adjust potentiometer 
should be set 
to provide a flicker on the LSB LED readout with all the 
other display LEOs OFF. 


To adjust the full-scale adjust potentiometer, 
an analog 
input which is 11/2 
LSB lessthan the reference (10.240- 


0.060 
or 10.180 VDCI should be applied to the analog 
input and the full-scale adjusted for a flicker 
on the LSB 
LED, but this time with all the other LEOs ON. 


A complete 
circuit 
for 
a simple AID 
tester is shown in 
Figure 
5. Note that 
the clock 
input 
voltage swing and 
the digital output voltage swings are from OV to 10.24V. 
The 
MM74C901 
provides 
a voltage 
translation 
to 
5V 


operation 
and also the 
logic 
inversion 
so the readout 


LEOs are in binary. 


1k 


FUll·SCALE 
ADJUST 


10.24V-rI r- 
ov---J 
W 


f= BOO kHz 


lk 
":'" 
ZERO 


ADJUST 


+ 
'J'10 


JJF 


-=r: 


10PF 


v-· -: 


-7 Voc 


UIVIUIIIY 
lilt' 
0 
Ull;) 
IlIlV 
un::: 
"1' 
IllV;)l 
;)IY"IlIl".Oll 
Ull;) OIlU 


4 
least significant 
bits. 
Table 
I shows the fractional 


binary 
equivalent 
of these two 8·bit groups. By adding 


the decoded voltages whicjl 
are obtained from the col· 
umn: 
"Input 
Voltage Value with. 
10.240 VREF" 
of 


both 
the 
MS and LS groups, the value of the digital 


display can be determined. 
For example, for an output 


LED 
display 
of 
"1011 
0110" 
or "B6" 
(in hex) 
the 
voltage 
values 
from 
the 
table 
are 
7.04 
+ 
0.24 
or 


VClIUC;)VI 
CItJC11Cl".lM/U 
l.UIIVt'llt'l. 
IIIC 
ItltJUlVVllOyt'IICI;) 


to 
change by ±1/2 
LSB (±20 mV), 
the "quantization 


uncertainty" 
of an A/D, to obtain an output 
digital code 
change. The effects of this quantization 
error have to be 
accounted for 
in the interpretation 
of the test results. 


A plot of this natural error source is shown in Figure 6 
where, for clarity, 
both the analog input voltage and the 
error voltage are normalized to LSBs. 


INPUT VOLTAGE 


HEX 
BINARY 
FRACTIONAL 
BINARY 
VALUE 
FOR 
VALUE 
WITH 


10.24 VREF 


MSGROUP 
LS GROUP 
MS GROUP 
LS GROUP 


F 
1 
1 
1 
1 
15/16 
15/256 
9.600 
0.600 


E 
1 
1 
1 
0 
7/B 
7/128 
8.960 
0.560 


D 
1 
1 
0 
1 
13/16 
13/256 
8.320 
0.520 


C 
1 
1 
0 
0 
3/4 
3/64 
7.680 
0.480 


B 
1 
0 
1 
1 
11/16 
11/256 
7.040 
0.440 


A 
1 
0 
1 
0 
5/8 
5/128 
6.400 
0.400 


9 
1 
0 
0 
1 
9/16 
9/256 
5.760 
0.360 


8 
1 
0 
0 
Q 
1/2 
1/32 
5.120 
0.320 


7 
0 
1 
1 
1 
7/16 
7/256 
4.480 
0.280 


6 
0 
1 
1 
0 
3/8 
3/128 
3.840 
0.240 


5 
0 
1 
0 
1 
5/16 
5/256 
3.200 
0.200 


4 
0 
1 
0 
0 
1/4 
1/64 
2.560 
0.160 


3 
0 
0 
1 
1 
3/16 
3/256 
1.920 
0.120 


2 
0 
0 
1 
0 
1/8 
1/128 
1.2BO 
0.080 


1 
0 
0 
0 
1 
1/16 
1/256 
0.640 
0.040 


0 
0 
0 
0 
0 
0 
0 


'"'"~ 


~ 
1/2 
w 
'"..':; 
Q 
>a: 
Q 
ffi 
-1/2 


~ 
-1 


the 
analog 
input 
voltage 
and 
the 
LED 
outputs 
will 
provide 
a binary 
counting 
sequence 
from 
zero 
to 
full- 


scale. 


The 
techniques 
described 
so 
far 
are 
suitable 
for 
an 


engineering 
evaluation 
or a quick 
check 
on performance. 
For 
a higher 
speed 
test 
system, 
or 
to 
obtain 
plotted 


data, 
a 
digital-to-analog 
converter 
is 
needed 
for 
the 
test 
set-up. 
An 
accurate 
1Q-bit 
DAC 
can 
serve 
as the 
precision 
voltage 
source 
for the 
AID. 
Errors 
of the 
AID 
under 
test 
can 
be provided 
as either 
analog 
voltages 
or 


differences 
in two 
digital 
words. 


A basic 
AID 
tester 
which 
uses 
a DAC 
and 
provides 
the 


error 
as an 
analog 
output 
voltage 
is shown 
in Figure 
7. 


The 
2 op 
amps 
can 
be eliminated 
if a lab DVM 
with 
a 
numerical 
subtraction 
feature 
is 
available 
to 
directly 


readout 
the 
difference 
voltage, 
"A-C". 
The 
analog 


generator 
and 
an x- Y plotter 
can 
be used 
to 
provide 


analog 
error 
(Y axis) 
versus 
analog 
input 
(X axis). 
The 


construction 
details 
of a tester 
of this type 
are provided 
in 
the 
NSC 
application 
note 
AN-179, 
"Analog-to- 


Digital 
Converter 
Testing". 


For 
operation 
with 
a microprocessor 
or 
a computer- 


based 
test 
system, 
it is more 
convenient 
to 
present 
the 


errors 
digitally. 
This 
can 
be 
done 
with 
the 
circuit 
of 


Figure 
8 
where 
the 
output 
code 
transitions 
can 
be 


detected 
as the 
1Q-bit DAC is incremented. 
This 
provides 


114 LSS steps 
for the 8-bit 
AID 
under 
test. 
If the results 


of 
this 
test 
are 
automatically 
plotted 
with 
the 
analog 


input 
on 
the 
X axis 
and 
the 
error 
(in 
LSS's) 
as the 
Y 
axis, 
a useful 
transfer 
function 
of 
the 
AID 
under 
test 
results. 
For 
acceptance 
testing, 
the 
plot 
is not 
necessary 
and 
the 
testing 
speed 
can 
b.e increased 
by 
establishing 
internal 
limits 
on the allowed 
error 
for each 
code. 


Dual-In-Line 
Package 


R· 


NET· 
WORK 
lSB 


voo 
2-5 
2-6 
TOP 
2-1 
2-8 
VIN 
ClOCK 
I/ss 


18 
17 
" 


15 
14 
13 
12 
11 
10 


- 
- 
- 
- 


1 
2 
1 . 
, 
6 
1 
• 
9 


2-4 
2-3 
2-2 
2-1 
R· 
STRT 
OUTPUT 
VGG 
EDC 


MSB 
NET 
CON V 
ENABLE 


WORK 


BonOM 


TOPVtEW 


Order Number 
ADC0800PD 
(-5SoC to +12S0C) 


or ADC0800PCD 
(O°C to +70°C) 
See NS Package D18A 


~National 
~ 
Semiconductor 


ADC0801, ADC0802, ADC0803, 
ADC0804, 
ADC0805 8·Bit JLP 


Compatible 
AID Converters 


The 
ADC0801, 
ADC0802, 
ADC0803, 
ADC0804 
and 


ADC0805 
are CMOS 8-bit successive approximation 
A/D 


converters 
which 
use 
a 
differential 
potentiometric 


ladder-similar 
to the 256R 
products, 
These converters 


are designed to allow 
operation 
with 
the NSC800 and 


INS8080A 
derivative 
control 
bus, 
and 
TRI-STATE® 


output 
latches directly 
drive the data bus. These AIDs 
appear like memory 
locations 
or I/O ports to the micro- 
processor and no interfacing 
logic is needed. 


A new differential 
analog voltage input allows increasing 
the common-mode 
rejection 
and offsetting 
the analog 


zero input 
voltage value_ In addition, 
the voltage refer- 
ence input can be adjusted to allow encoding any smaller 
analog voltage span to the full 8 bits of resolution. 


• 
Compatible 
with 
8080 
fJ.P derivatives-no 
inter- 
facing logic needed - accesstime - 
135 ns 


• 
Easy 
interface 
to 
all 
microprocessors, 
or operates 
"stand alone" 


• 
Differential 
analog voltage inputs 


• 
Logic 
inputs 
and outputs 
meet both 
MOS and T2L 
voltage level specifications 


• 
Works with 2.5V (LM336) 
voltage reference 


• 
On-chi p clock generator 


• 
OV to 5V analog input voltage range with 
single 5V 
supply 


• 
No zero adjust required 


• 
0.3" standard width 
20-pin 01P package 


• 
Operates 
ratiometrically 
or with 
5 VDC, 
2.5 VDC, 
or analog span adjusted voltage reference 


• 
Resolution 


• 
Total error 


• 
Conversion time 


8 bits 


±1/4 LSB, ±1/2 
LSB and ±1 LSB 


l00fJ.s 


'v 


~ 
20 


Vee 


Rii 
CU( 
R 


19 


WR 
10k 
TRANSDUCER 


INTR 
eLK 
IN 
I-BIT 
RESOLUTION 
11 
087 
OVER ANY DESIRED 


12 
ANALOG 
INPUT 


086 
VIN(+) 
VOL lAGE 
RANGE 
13 
AID 
SEE SECTION 
2.4.1 
085 
DlfF 
INPUTS 
14 
084 
VINH 


" 
083 
A GND 
16 
082 


11 
081 
VREFI2 
'= 


18 


080 
o GND 
10 


8080 
Interface 


~ 


Rii 


NSC800. 


8080, 
WR 
ZBo, 
AID 


8048, 
ETC. 
iimi 


.A 


DATA 
., 


ERROR 
SPECIFICATION 
(INCLUDES 
FUll·SCAlE. 
ZERO 
ERROR, 
AND 
NON·LINEARITY) 


PART 
NUMBER 
FUll·SCALE 
VREF/2 - 2.500 Voc 
VREF/2· 
NO CONNECTION 
ADJUSTED 
(NO ADJUSTMENTSI 
(NO ADJUSTMENTS) 


ADC0801 
±1/4 LSB 


ADC0802 
:!:112 
LSB 


ADC0803 
:!.1/2 LSB 


ADC0804 
±1 
LSB 


ADC0805 
:!:1 LSB 


Absolute Maximum Ratings (Notes 1 and 2) 
Operating Ratings 
(Notes 1 and 2) 


Supply 
Voltage 
(VCC) 
(Note 
3) 
6.SV 
Temperature 
Range 
TMIN:"; 
TA:"; 
TMAX 


Voltage 
ADC0801/02LD 
-SsoC:"; 
TA:"; 
+125"C 


Logic Control 
Inputs 
-0.3V 
to +18V 
ADC0801/02/03/04LCD 
-40°C:"; 
TA:"; 
+8SoC 


At Other 
Input 
and Outputs 
-0.3V 
to (VCC + 0.3VI 
ADC0801/02/03/0SLCN 
-40°C:"; 
TA:"; 
+8SoC 


Storage Temperature 
Range 
-6SoC 
to +lS0°C 
ADC0804LCN 
rfC:"; 
TA:"; 
+70°C 


Package 
Dissipation 
at T A :: 25° C 
87S mW 
Range of VCC 
4.S VDC to 6.3 VDC 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 


The following 
specifications 
apply for 
VCC = 5 VOC. TMIN ~ TA ~ TMAX 
and fCLK = 640 kHz unless otherwise specified. 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


ADC0801: 


Total Adjusted Error 
With Full-Scale Adj. 
±1/4 
LS8 


(Note 81 
(SeeSection 2.S.21 


ADC0802: 


Total Unadjusted Error 
VREF12 = 2.S00 VDC 
±1/2 
LS8 


(Note 81 


ADC0803: 


Total Adjusted Error 
With Full-Scale Adj. 
±1/2 
LS8 


(Note 8) 
(See Section 2.5.2) 


ADC0804: 


Total Unadjusted Error 
VREF/2 
= 2.500 VDC 
±1 
LS8 


(Note 8) 


ADC080S: 


Total Unadjusted Error 
VREF/2-No 
Connection 
±1 
LS8 


(Note 81 


VREF12 
Input Resistance (Pin 9) 
ADC0801/02/03/05 
2.5 
8.0 
kn 


ADC0804 (Note g) 
1.0 
1.3 
kn 


Analog Input Voltage Range 
(Note 41 V(+) or V(-) 
Gnd-0.05 
VCC+0.05 
VDC 


DC Common-Mode Error 
Over Analog Input Voltage 
±1/16 
±1/8 
LSB 


Range 


Power Supply Sensitivity 
VCC = 5 VDC ±10% Over 
±1/16 
±l/B 
LSB 


Allowed VINI+I 
and VIN(-} 


Voltage Range (Note 4) 


AC Electrical Characteristics 


The following 
specifications 
apply for VCC = 5 VOC and TA = 25°C unless otherwise specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Tc 
Conversion Time 
fCLK = 640 kHz (Note 61 
103 
114 
/.IS 


Tc 
Conversion Time 
(Note 5, 61 
66 
73 
l/fCLK 


fCLK 
Clock Frequency 
VCC = SV, (Note 5) 
100 
640 
1460 
kHz 


Clock Duty Cycle 
(Note SI 
40 
60 
% 


CR 
Conversion Rate In Free·Running 
INTR tied to WR with 
B770 
conv/s 


Mode 
Cs = 0 VDC, fCLK = 640 kHz 


'W(WR)L 
- 
Cs = 0 VDC (Note 71 
Width of WR Input (Start Pulse 
100 
ns 


Widthl 


tACC 
AccessTime (Delay from 
CL=100pF 
135 
200 
ns 


Falling Edge of AD to Output 


Data Valid) 


tlH, 
tOH 
TRI·STATE 
Control IDelay 
CL= 
10pF, 
RL= 
10k 
125 
200 
ns 


from Rising Edge of AD to 
(SeeTRI·STATE 
Test 


Hi·Z State) 
Circuits) 


tWI,tRI 
Delay from Falling Edge 
300 
450 
ns 


of WR or AD to Reset of INTR 


CIN 
Input Capacitance of Logic 
S 
7.5 
pF 


Control Inputs 


COUT 
TR I·STATE Output 
5 
7.5 
pF 


Capacitance (Data Buffers) 


vC 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
<C 
CONTROL 
INPUTS 
(Note: 
eLK 
IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore 
specified separately] 


'If/' 
VIN 
(1) 
Logical "1" 
Input Voltage 
VCC = 5.25 VDC 
2.0 
15 
VDC 
0 
(Except Pin 4 CLK IN) 


CO 
0.8 
VDC 
0 
VIN 
(O) 
Logical "0" 
Input Voltage 
VCC = 4.75 VDe 
() 
(Except Pin 4 CLK IN) 
C 
IIN (1) 
Logical "1" 
Input Current 
VIN=5VDC 
0.005 
/lADC 


<C 
(All Inputs} 


M 


IIN (a) 
Logical "0" 
Input Current 
VIN = 0 VDC 
-, 
-0.005 
/lADC 


0 
(All Inputs} 


CO 
CLOCK 
IN AND CLOCK 
R 
0 
() 
VT+ 
eLK 
IN (Pin 4) Positive Going 
2.7 
3.' 
3.5 
VDC 


C 
Threshold Voltage 
<C 
VT- 
CLK IN (Pin 4) Negative 
1.5 
1.8 
2.' 
VDe 


N 


Going Threshold Voltage 


0 
VH 
elK 
IN (Pin 4) Hysteresis 
0.6 
1.3 
2.0 
VDC 


CO 
(VT+) - (VT-) 
0 
VOUT 
(0) 
Logical "0" 
CLK R Output 
10= 360/lA 
0.4 
VDC 
() 
Voltage 
VCC = 4.75 VDC 
C 
<C 


VOUT 
(1) 
Logical "'" 
CLK R Output 
10 = -360/lA 
2.4 
VDC 


Voltage 
Vce 
= 4.75 VDe 
,... 
DATA 
OUTPUTS AND INTR 
0 
CO 
VOUT(O) 
Logical "0" 
Output 
Voltage 
0 
Data Outputs 
lOUT = 1.6 mA, VCC = 4.75 VDC 
0.4 
VDC 
() 
INTR Output 
lOUT = 1.0 mA, VCC = 4.75 VDC 
0.4 
VDC 
C 
VOUT(l} 
Logical "'" 
Output 
Voltage 
10 = -360/lA, 
VCC = 4,75 VDC 
2.4 
VDC 
<C 
VOUT(l} 
Logical "'" 
Output 
Voltage 
10 = -10 
/lA, VCC = 4.75 VDC 
4.5 
VDC 


lOUT 
TRI·STATE 
Disabled Output 
VOUT = 0 VDC 
-3 
/lADC 


Leakage (All Data Buffers) 
VOUT = 5 VDe 
3 
/lADC 


ISOURCE 
VOUT Short to Gnd, TA = 25°C 
4,5 
mADC 


ISINK 
VOUT Short to VCC. TA = 25°C 
9.0 
'6 
mADe 


POWER SUPPLY 


ICC 
Supply Current 
(Includes 
fCLK = 640 kHz, 


Ladder Current) 
VREF/2 = NC. TA = 25°C 


andCS="'" 


ADC080'/02/03/05 
1.1 
1.8 
mA 


ADC0804 
(Note 9) 
1.9 
2.5 
mA 


Note 
1: 
Absolute 
maximum 
ratings are those values beyond 
which 
the life of the device may be impaired. 


Note 2: All voltages are measured with 
respect to Gnd, unless otherwise 
specified. 
The separate A Gnd point 
should always be wired to the 0 Gnd. 


Note 3: 
A zener diode exists, internally, 
from 
VCC 
to Gnd and has a typical 
breakdown 
voltage of 7 VOC' 


Note 4: 
For VIN(-) 
> VIN(+) 
the digital 
output 
code will 
be 0000 
0000. 
Two 
on-chip 
diodes are tied to each analog input 
(see block diagram) 
which 
will 
forward 
conduct 
for analog input 
voltages one diode drop 
below 
ground 
or one diode drop greater 
than the VCC supply. 
Be careful, 


during 
testing at low VCC levels (4.5V), 
as high level analog inputs (5V) 
can cause this input diode to conduct-especially 
at elevated 
temperatures, 


and cause errors for analog inputs 
near full-scale. 
The spec allows 50 mV 
forward 
bias of either diode. This means that as long as the analog VIN 
does not exceed 
the supply 
voltage 
by more 
than 
50 mV, 
the output 
code will 
be correct. 
To achieve an absolute 0 V DC to 5 V DC input voltage 


range will therefore 
require a minimum 
supply voltage of 4.950 
VOC 
over temperature 
variations, 
initial 
tolerance 
and loading. 


Note 
5: 
Accuracy 
is guaranteed 
at fCLK 
= 640 
kHz. 
At higher clock 
frequencies 
accuracy 
can degrade. 
For lower clock 
frequencies, 
the duty 


cycle limits can be extended 
so long as the minimum 
clock high time interval 
or minimum 
clock 
low time 
interval 
is no less than 275 ns. 


Note 6: 
With an asynchronous 
start pulse, up to 8 clock periods may be required 
before the internal 
clock phases are proper to start the conversion 
process. The start request is internally 
latched, see Figure 2 and section 2.0. 


Note 
7: The CS input 
is assumed to bracket 
the WR strobe 
input 
and therefore 
timing 
is dependent 
on the WR pulse width. 
An arbitrarily 
wide 
pulse width 
will 
hold 
the 
converter 
in a reset mode and the start of conversion 
is initiated 
by the low to high transition 
of the WR 
pulse (see 
timing 
diagrams). 


Note 
8: 
None 
of these AIDs 
requires 
a zero 
adjust 
(see section 2.5.1). 
To obtain 
zero code at other 
analog 
input 
voltages see section 
2.5 and 
Figure 5. 


Note 
9: 
For AOC0804LCO 
typical 
value of VREF/2 
input 
resistance is 8 kn 
and of ICC is 1.1 mA. 


Typical Performance Characteristics 


Delay 
From 
Falling 
Edge 
of 
logic 
Input 
Threshold 
Voltage 
RD 
to 
Output 
Data 
Valid 
ClK 
IN Schmitt 
Trip 
levels 
vSo Supply 
Voltage 
VSo load 
Capacitance 
vSo Supply 
Voltage 


~ 
1.8 
500 
3.5 
I 
_55°C 
'$TA 
'$+12SoC 
~ 
~ 
I 


~ 


1.7 
~ 
3.1 
VH 
•..•. 
400 
~ 


0 
1.6 
V 
2.7 
0 
- 
0 
-55°C:S:;; TA::;; +125°C 
" 
>- 
300 
~ 


~ 


0 
I 
'" 
1.5 
" 
2.3 
" 
V 
~ 
•... 
w 
I 
'" 


•... 
" 
" 
./ 
200 
•... 
VT_ 
~ 
'" 
1.4 
'" 
1.9 


u 
'" 
I 
~ 
1.3 
100 
I 
1.5 


4.50 
4.15 
5.00 
5.25 
5.50 
0 
200 
400 
600 
800 
1000 
4.50 
4.75 
5.00 
5.25 
5.50 


Vec 
- SUPPl 
V VOL TAGE (Voel 
lOAD 
CAPACITANCE 
(pFI 
Vec 
- 
SUPPl Y VOLTAGE 
(Vael 


Full-Scale 
Error 
vs 
Effect 
of 
Unadjusted 
Offset 
Error 


fClK 
vSo Clock 
Capacitor 
Conversion 
Time 
vSo VREF/2 
Voltage 


1000 
8 
16 
Te:: 
13/fClK 
14~ 


VIN(+):: VIN(-):: av. 


7 
ASSUMES 
Vas:: 
2 mY. 


'R=1 
k 
! 


I--' 
THIS 
SHOWS THE 
NEED 


A:: 
Ok 
6 
! 
12 t- 
fOR A ZERO ADJ. IF 
t- 
THE 
SPAN 
IS REDUCED. 


'" 
5 
10 
t- 
o 
'" 
" 
\ , 
'" 
Vec 
'" 4.SV 
0 
t- 


'" 
'" 
'" 


4 
'" 
8f- 
f- 
, 
>- 
\ 
t- 
f- 
•... 
•... 


~ 


3 
6 f- 
f- 


\r' 


\IVCC;S.oV 
f- 
t= 
2 
"' /1\.1 I I 


0 
4f- 
::; 
f- 
f- 


1 
~ 


2f- 
'" 
t: 
f- 


'00 
0 
OL- 


'0 
'DO 
1000 
40 
60 
80 
100 
120 
140 
0.01 
0.1 
1.0 
5 


CLOCK 
CAPACITOR 
(pF) 
Te. CONVERSION 
TIME 
(,us) 
VREF/2 
{Vael 


Power 
Supply 
Current 
linearity 
Error 
at 
low 


Output 
Current 
vs Temperature 
vs Temperature 
(Note 
9) 
VREF/2 
Voltages 


8 
IVCC~5Voc 
2.4 
-r-;-.+... 
I 


-lA~ 


1.0 


0 
_ADco8°1- 
'1 LS8' 2(VREFI2I- 
I I 
.. 
~-..I 
-;-- 


7 
~ 
2.0 
. I 
--r-+-l-J... 
Vee• s"1V 
.- 
256 
_ 
;( 
~~i:E~~TPUT 
- 


•... 
; 
I 
~ 
'" 
:ggg~~ 
~~~~~ ~~~UFS~~~'I- 
•... 
6 


I,S~U~C; I 
'" 
1.6 
'" 
I 
'" 
'" 
" 
803 AND ADC080lcc 
'"'4.SV 
0 


'" 


u 
'" 
'" 
5 
Vour'" 
2.4 VOC 
>- 
1.2 
:: 5.5V 
'" 
0.5 
t----+- 
1 lSB 
VALUE 
(mV) ++ 
" 
VCt' 
z SV 
>- 
1.22 
f 
4.88' 
---!----!-- 
19.53 
•... 
" 


•... 
I.,... 


-~eC·4.5VI 
I 
ir 


l~q;:J:~s)t! 


" 
4 
0.8 
~ 
~ 


I I 
'" 


I I 
~ 
=B 
'._~ 
::; 
3 
ISINK"!... 
0.4 
fCL_K = 640 kHz 


I 
cr-I'I I 1 
VOUT 
= 0.4 VOC 
u 
V I I I I 
2 
u 
0 
0 


-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 125 
0 
1 
2 
2.5 


TA - 
AMBIENT 
TEMPERATURE 
(OC) 
TA - 
AMBIENT 
TEMPERATURE 
fOCI 
VREF/2 
VOLTAGE 
(VOC) 


~Coo 
COo 
~ 
~Co§ 


~ 
~Coo 
COo 
(J1 


t1H 
t1H. Cl = 10 pF 
tOH 
tOH. Cl = 10 pF 


Vee 
Vee 
vee 


Vee 
90% 
Vee 


ifij 
AD 
50% 
10k 
ifij 
DATA 


OUTPUT 
GNO 
10% 
GNO 


~ 


AD 
DATA 


~ 


10k 
OUTPUT 


DATA 
VOH 
90% 
Vee 


el"I 


DATA 
OUTPUTS 
OUTPUTS 
':" 
':" 
':" 
GNO 
VOL 
10% 


':" 
':" 


tr = 20 
ns 
tr = 20 ns 


~C 
<C 


~ 


~o 
C 
<C 
M 


~C 
<Ci 
o 
C 
<C 


ACTUAL 
INTERNAL 


STATUS 
OF THE 
CONVERTER 


r--------..., 
I 
I 
I 
lM336 
I 
I 
I 
I 


I 
S~;ESEVS~~~~~: 
:.~~N 
I 
L 
J 


Ratiometric with Full-Scale Adjust 


Vcc 


(SVDe) 


l"OJlF 


,...-----, 
I 
I 
I 


,. : 
I 
I 


100 
I 
I 
,. 
I 
I 


-=- 
I 
I 
I 
L 
.J 


OPTIONAL 


FSADJUST 


I 
I 
I 
I 
I 
-=- 
L 
.J 


OPTIONAL 


fS 
ADJUST 


Span Adjust: OV::; VIN::; 3V 


Vcc 
(SVoe) 


VIN(+1 
Vcc 


+ 


1'101'F 
,. 


AID 


VINH 
VREFI2 


lMJJ6 
+ 


-=- 
1"I'F 
-=- 
-=- 


:J> 
C 
(")o 
COo 
j') 


:J>c 
(") 


~o 
~(,.) 


:J> 
C 
(")o 
~~.r:- 


:J> 
C 
(")o 
COo 
en 


N 
o 
COooc 
<C 


VREF/2= 
128mV 


1 LS8 = 1 mV 


VOAC:<:; VIN :<:;(VOAC 
+ 256 mV) 


+I'M 


For: VIN(+) 
> VIN(-) 
Output 
= FFHEX 


For: VIN(+) < VIN(-) 
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input 
voltage. 
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fe = 20 Hz 


Uses Chebyshev implementation 
for steeper roll-off 
unity-gain, 2nd order,low·pass filter 


Adding 
a separate 
filter 
for 
each 
channel 
increases 
system 
response 
time 
if an analog 
multiplexer 


is used 
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AID output 
data 
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Note 
1: Oversample whenever possible (keep fs > 21(-60)) 
to eliminate 
input 
frequency 
folding 
(aliasing) 
and to allow 
for the skirt 
response 
of the filter. 


Note 
2: Consider 
the amplitude 
errors 
which 
are introduced 
within 
the passband 
of the filter. 


'V~ON 


OFF 
,- 


·Use ADC0801. 
02, 03 or 05 for lowest power consumption. 


Note: 
Logic 
inputs 
can be driven 
to VCC with 
A/D 
supply 
at zero volts. 


Buffer prevents data bus from overdriving 
outputs of AID when in shutdown 
mode. 
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A 
perfect 
AID 
transfer 
characteristic 
(staircase 
wave- 
form) 
is shown 
in 
Figure 
la. 
The 
horizontal 
scale 
is 
analog 
input 
voltage 
and the 
particular 
points 
labeled 
are 


in 
steps 
of 
1 
LSB 
(19.53 
mV 
with 
2.5V 
tied 
to 
the 


VREF/2 
pin). The digital 
output 
codes 
which 
correspond 
to 
these 
inputs 
are 
shown 
as 
D-1, 
D, and 
D+1. 
For 
the 
perfect 
AID, 
not 
only 
will 
center-value 
(A-1, 
A, 


A+1, 
... 
) analog 
inputs 
produce 
the 
correct 
output 
digital 
codes, 
but 
also each 
riser 
(the transitions 
between 


adjacent 
output 
codes) 
will 
be 
located 
±1/2 
LSB away 
from 
each 
center-value. 
As shown, 
the 
risers are ideal and 
have 
no 
width. 
Correct 
digital 
output 
codes 
will 
be 
provided 
for 
a range 
of analog 
input 
voltages 
which 
ex- 
tend 
±1/2 
LSB from 
the 
ideal 
center-values. 
Each 
tread 


(the 
range 
of 
analog 
input 
voltage 
which 
provides 
the 
same 
digital 
output 
code) 
is therefore 
1 LSB wide. 


Figure 
Ib shows 
a worst 
case error 
plot for the ADC0801. 


All 
center·valued 
inputs 
are 
guaranteed 
to 
produce 
the 


correct 
output 
codes 
and 
the 
adjacent 
risers 
are guaran- 
teed 
to 
be 
no 
closer 
to 
the 
center-value 
points 
than 


Transfer 
Function 


±1/4 
LSB. 
In other 
words, 
if we apply 
an analog 
input 
equal 
to 
the 
center-value 
±1/4 
LSB, 
we guarantee 
that 
the 
AID 
will 
produce 
the 
correct 
digital 
code. 
The 


maximum 
range 
of the 
position 
of the code 
transition 
is 


indicated 
by the horizontal 
arrow 
and it is guaranteed 
to 


be no more 
than 
1/2 
LSB. 


The 
error 
curve 
of Figure 
Ie shows 
a worst 
case 
error 


plot 
for 
the 
ADC0802. 
Here 
we 
guarantee 
that 
if we 


apply 
an 
analog 
input 
equal 
to the 
LSB analog 
voltage 


center-value 
the AID will produce 
the correct 
digital 
code. 


Next 
to each 
transfer 
function 
is shown 
the correspond- 


ing error 
plot. 
Many 
people 
may 
be more 
familiar 
with 
error 
plots 
than 
transfer 
functions. 
The 
analog 
input 


voltage 
to the 
AID is provided 
by either 
a Iinear 
ramp 
or 


by 
the 
discrete 
output 
steps 
of a high 
resolution 
DAC. 


Notice 
that 
the 
error 
is 
continuously 
displayed 
and 


includes 
the 
quantization 
uncertainty 
of 
the 
AID. 
For 


example 
the 
error 
at 
point 
1 of Figure 
la is +1/2 
LSB 


because 
the 
digital 
code 
appeared 
1/2 
LSB in advance 
of 


the center-value 
of the tread. 
The error 
plots 
always 
have 


a constant 
negative 
slope 
and 
the 
abrupt 
upside 
steps 


are always 
1 LSB in magnitude. 


Error 
Plot 


+112lSB 


D" 
5T"'6 
~ 


I 
Q 


I 
~~ 
JT4 


I 
I 
I 
, 
I 
-112 
LSD 
D -, 
7 


I 
I 
I 
, 
I 
I 
, 


I 


-llSB 


-1/2lSB 


-J/4lSB 


-llSB 


- ~ -]DUANT 
-l-__JRRDR 


I 
I, 


c) 
Accuracy 
= ±1/2 
LSB 
FIGURE 
1. Clarifying 
the 
Error 
Specs 
of an AID Converter 
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The 
ADCOB01 
series 
contains 
a circuit 
equivalent 
of 


the 
256R 
network. 
Analog 
switches 
are 
sequenced 
by 
successive 
approximation 
logic 
to 
match 
the 
analog 
difference 
input 
voltage 
[VIN(+) 
- 
VIN(-)] 
to a corre- 
sponding 
tap 
on 
the 
R network_ 
The 
most 
significant 
bit 
is tested 
first 
and 
after 
B comparisons 
(64 
clock 
cycles) 
a digital 
B-bit 
binary 
code 
(1111 
1111 
= full- 
scale) 
is 
transferred 
to 
an 
output 
latch 
and 
then 
an 
interrupt 
is asserted 
(INTR 
makes 
a high-to-Iow 
tran- 


sition)_ 
A conversion 
in process 
can 
be 
interrupted 
by 
issuing 
a 
second 
start 
command. 
The 
device 
may 
be 
operated 
in the 
free-running 
mode 
by connecting 
INTR 


to 
the 
WR input 
with 
CS = O. To 
insure 
start-up 
under 


all possible 
conditions, 
an external 
WR pulse 
is required 
during 
the first 
power-up 
cycle_ 


On 
the 
high-to-Iow 
transition 
of 
the 
WR 
input 
the 
internal 
SAR 
latches 
and 
the 
shift 
register 
stages 
are 
reset. 
As long 
as the 
CS input 
and WR input 
remain 
low, 
the 
A/D 
will 
remain 
in 
a reset 
state. 
Conversion 
will 


start from 
1 to 8 clock periods after at least one of these 
inputs makes a low-to-high 
transition_ 


DIGITAL 
OUTPUTS 


TRI·STATE@CONTROl 
"1"· 
OUTPUTENA8lE 


Note 
1: 
CS shown twice for clarity. 


Note 
2: 
SAR 
= Successive 
Approximation 
Register. 


A functional 
diagram 
of the 
A/D 
converter 
is shown 
in 


Figure 2_ All of the 
package 
pinouts 
are shown 
and 
the 


major 
logic 
control 
paths 
are 
drawn 
in heavier 
weight 


lines. 


The 
converter 
is started 
by 
having 
CS and 
WR 
simul- 


taneously 
low. 
This 
sets 
the 
start 
flip-flop 
(F/F) 
and the 


resulting 
"1" 
level 
resets 
the 
B-bit 
shift 
register, 
resets 
the 
Interrupt 
(INTR) 
F/F 
and 
inputs 
a "1" 
to 
the 
D 
flop, 
F/F1, 
which 
is at the 
input 
end 
of the 
B-bit shift 
register. 
Internal 
clock 
signals 
then 
transfer 
this 
"1" 
to 


the 
Q output 
of 
F/F1. 
The 
AND 
gate, 
G1, 
combines 
this 
"1" 
output 
with 
a clock 
signal 
to 
provide 
a reset 
signal 
to 
the 
start 
F/F. 
If the 
set 
signal 
is no 
longer 


present 
(either 
WR or CS is a "1 ") the start 
F/F 
is reset 
and the B-bit shift 
register 
then 
can have the 
"1" 
clocked 
in, 
which 
starts 
the 
conversion 
process. 
If the 
set signal 
were 
to 
still 
be 
present, 
this 
reset 
pulse 
would 
have 
no 
effect 
(both 
outputs 
of the start 
F/F 
would 
momentarily 
be at a "1" 
level I and 
the 
B-bit shift 
register 
would 
con- 
tinue 
to 
be held 
in the 
reset 
mode. 
This 
logic 
therefore 
allows 
for wide 
CS and WR signals 
and the converter 
will 
start 
after 
at least 
one 
of these 
signals 
returns 
high 
and 


the 
internal 
clocks 
again 
provide 
a reset 
signal 
for 
the 
start 
F /F. 


INPUT 
PROTECTION 
fOR 
All 
LOGIC INPUTS 


INPUTF 
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CIRCUITS 
BV:!]QV 
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(HOTEZ) 


»coio 
~I\) 
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.¥' 


TRI-STATE 
output 
latches. 
When 
LA I CH 
1 ,s sub- 
sequently 
enabled, the 
Q output 
makes a high-to-Iow 
transition 
which 
causes the 
INTR 
F/F 
to 
set. An in- 
verting buffer then supplies the INTR output signal. 


Note that 
this SET control 
of the 
INTR 
F/F 
remains 
low for 
8 of the external clock periods (as the internal 
clocks 
run 
at 
118 
of 
the 
frequency 
of the external 
clock). 
If 
the 
data 
output 
is continuously 
enabled 
(CS and 
RD 
both 
held 
lowl. 
the 
INTR 
output 
will 
still 
signal the 
end of 
conversion 
(by 
a high-to-Iow 
transition I. because the 
SET input 
can control 
the Q 
output 
of 
the 
INTR 
FIF 
even though 
the 
RESET 
input 
is constantly 
at 
a "1" 
level 
in 
this 
operating 
mode. 
This 
INTR 
output 
will 
therefore 
stay low 
for 
the duration 
of the SET signal, which 
is 8 periods of 
the external 
clock 
frequency 
(assuming the AID 
is not 
started during this interval). 


When 
operating 
in 
the 
free-running 
or 
continuous 
conversion 
mode (INTR 
pin tied to WR and CS wired 
low-see 
also 
section 
2.81. the 
START 
F/F 
is SET 
by the high-to-Iow 
transition 
of the INTR 
signal. This 
resets the 
SHIFT 
REGISTER 
which 
causes the input 
to the D-type latch, LATCH 
1, to go low. As the latch 
enable input 
is still 
present, the. Ll output 
will 
go high, 
which 
then 
allows the 
INTR 
F/F to be RESET. This 
reduces the width 
of the resulting 
INTR 
output 
pulse 
to only afew propagation delays (approximately 
300 ns). 


When data 
is to 
be read, the 
combination 
of 
both 
CS and RD being low will 
cause the INTR 
F/F to be 
reset and the TRI-STATE 
output 
latches will be enabled 
to provide the 8-bit digital outputs. 


The 
digital 
control 
inputs 
(CS, 
RD, 
and 
WR) 
meet 


standard T2L logic voltage levels. These signals have been 
renamed when compared to the standard AID Start and 
Output 
Enable labels. In addition, 
these inputs are active 
low to allow an easy interface to microprocessor control 
busses. For non-microprocessor 
based applications, 
the 
CS input 
(pin 1) can be grounded and the standard AID 
Start function 
is obtained by an active low pulse applied 
at the WR input (pin 3) and the Output 
Enable function 
is caused by an active low pulse at the RD input (pin 2). 


2.2 
Analog Differential 
Voltage Inputs and 
Common-Mode Rejection 


This AID 
has additional 
applications 
flexibility 
due to 
the analog differential 
voltage input. The VIN(-) 
input 
(pin 
71 can be used to automatically 
subtract 
a fixed 
voltage value from 
the input 
reading (tare correction). 
This is also useful in 4 mA-20 
mA current loop conver- 
VA 
sion. In addition, 
common-mode 
noise can be reduced 
by use of the differential 
input. 


The time interval between sampling VIN(+) 
and VIN(-) 


is 4-112 
clock periods. The maximum 
error voltage due 


I:>Ve is the error voltage due to sampling delay 


Vp is the peak value of the common-mode 
voltage 


fcm is the common-mode frequency 


As an example, to keep this error to 
114 LS8 (-5 
mV) 
when operating with 
a 60 Hz common-mode 
frequency, 


fcm, 
and using a 640 
kHz 
AID 
clock, 
fCLK, 
would 
allow 
a peak value of the common-mode 
voltage, Vp, 


which is given by: 


[I:>Ve(MAX) (fCLK)) 
Vp=------- 
(21Tfcm) 
(4.5) 


(5 x 10-3) 
(640 x 103) 
Vp= 
(6.28) (60) (4.5) 


The allowed range of analog input voltages usually places 
more 
severe restrictions on input 
common·mode 
noise 


levels. 


An 
analog 
input 
voltage 
with 
a reduced span and a 
relatively 
large zero 
offset 
can be easily handled 
by 
making 
use of the differential 
input 
(see section 
2.4 
Reference Voltage). 


Due 
to 
the 
internal 
switching 
action, 
displacement 
currents will flow at the analog inputs. This is due to on- 
chip stray capacitance to ground as shown in Figure 3. 
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The 
voltage 
on 
this 
capacitance 
is switched 
and 
will 


result 
in 
currents 
entering 
the 
VIN(+) 
input 
pin 
and 
leaving 
the 
VIN(-) 
input 
which 
will 
depend 
on 
the 


analog 
differential 
input 
voltage 
levels. 
These 
current 
transients 
occur 
at 
the 
leading 
edge 
of 
the 
internal 


clocks. 
They 
rapidly 
decay 
and 
do not cause errors 
as the 
on-chip 
comparator 
is strobed 
at the 
end 
of the 
clock 
period. 


If the 
voltage 
source 
which 
is applied 
to 
the 
VIN(+) 
pin 
exceeds 
the 
allowed 
operating 
range 
of 
VCC 
+ 


50 
mV, 
large 
input 
currents 
can 
flow 
through 
a par- 
asitic 
diode 
to 
the 
VCC 
pin. 
If these 
currents 
could 
exceed 
the 
1 mA 
max 
allowed 
spec, 
an external 
diode 
(1N914) 
should 
be added 
to 
bypass 
this 
current 
to the 
VCC 
pin 
(with 
the 
current 
bypassed 
with 
this 
diode, 
the 
voltage 
at 
the 
VIN(+) 
pin 
can 
exceed 
the 
VCC 


voltage 
by the forward 
voltage 
of this diode). 


2_3.2 
Input Bypass 
Capacitors 


Bypass 
capacitors 
at the 
inputs 
will average 
these 
charges 
and 
cause 
a 
DC 
current 
to 
flow 
through 
the 
output 
resistances 
of 
the 
analog 
signal 
sources. 
This 
charge 
pumping 
action 
is worse 
for 
continuous 
conversions 
with 
the 
VIN(+) 
input 
voltage 
at 
full-scale. 
For 
con- 
tinuous 
conversions 
with 
a 640 
kHz 
clock 
frequency 
with 
the 
VIN(+) 
input 
at 
5V, 
this 
DC current 
is at 
a 
maximum 
of 
approximately 
5 /lA. 
Therefore, 
bypass 


capacitors should not be used at the analog inputs or 
the VREF/2 pin for 
high 
resistance 
sources 
(> 1 kn). 


If input 
bypass 
capacitors 
are 
necessary 
for 
noise 
fil- 
tering 
and 
high source 
resistance 
is desirable 
to minimize 
capacitor 
size, 
the 
detrimental 
effects 
of 
the 
voltage 


drop 
across 
this 
input 
resistance, 
which 
is due 
to 
the 


average 
value 
of 
the 
input 
current, 
can 
be 
eliminated 


with 
a full-sc3le 
adjustment 
while 
the 
given 
source 
re- 
sistor 
and 
input 
bypass 
capacitor 
are both 
in place. 
This 
is possible 
because 
the average 
value 
of the 
input 
current 


is 
a 
precise 
linear 
function 
of 
the 
differential 
input 


voltage_ 


Large 
values 
of source 
resistance 
where 
an input 
bypass 
capacitor 
is not 
used, 
will not cause errors as the 
input 


currents 
settle 
out 
prior 
to 
the 
comparison 
time. 
If a 
low 
pass 
filter 
is 
required 
in 
the 
system, 
use 
a low 
valued 
series 
resistor 
(~ 
1 kn) 
for 
a passive 
RC section 


or 
add 
an 
op 
amp 
RC active 
low 
pass 
filter. 
For 
low 


source 
resistance 
applications, 
(~ 1 knL 
a 0.1 /IF bypass 


capacitor 
at the 
inputs 
will 
prevent 
pickup 
due to series 
lead 
inductance 
of 
a long 
wire. 
A 
lOOn 
series 
resistor 


can 
be used 
to isolate 
this 
capacitor-both 
the 
Rand 
C 


are 
placed 
outside 
the 
feedback 
loop-from 
the 
output 


of an op 
amp, 
if used. 


2.3.4 
Noise 


The 
leads 
to the 
analog 
inputs 
(pins 
6 and 
7) should 
be 


kept 
as 
short 
as 
possible 
to 
minimize 
input 
noise 


coupling. 
Both 
noise 
and undesired 
digital 
clock 
coupling 


to 
these 
inputs 
can 
cause 
system 
errors. 
The 
source 


resistance 
for 
these 
inputs 
should, 
in general, 
be 
kept 
below 
5 kn. 
Larger 
values 
of source 
resistance 
can cause 


undesired 
system 
noise 
pickup. 
Input 
bypass 
capacitors, 


placed 
from 
the 
analog 
inputs 
to ground, 
will 
eliminate 


system 
noise 
pickup 
but can create 
analog 
scale 
errors 
as 


these 
capacitors 
will average 
the transient 
input 
switching 


currents 
of the 
AID 
(see section 
2.3.1). 
This 
scale 
error 
depends 
on 
both 
a large 
source 
resistance 
and the use of 


an 
input 
bypass 
capacitor. 
This 
error 
can 
be eliminated 


by 
doing 
a 
full-scale 
adjustment 
of 
the 
AID 
(adjust 


VREF!2 
for a proper 
full-scale 
reading-see 
section 
2.5.2 
on 
Full-Scale 
Adjustment) 
with 
the 
source 
resistance 


and 
input 
bypass 
capacitor 
in 
place. 


2.4.1 
Span 
Adjust 


For 
maximum 
applications 
flexibility, 
these 
AIDs 
have 


been 
designed 
to accommodate 
a 5 VDC, 
2.5 VDC or an 
adjusted 
voltage 
reference. 
This has been 
achieved 
in the 
design 
of the 
IC as shown 
in Figure 4. 


vee IVREFI 


Notice 
that 
the 
reference 
voltage 
for the 
IC is either 
1/2 


of 
the 
voltage 
which 
is applied 
to the 
VCC supply 
pin, 


or 
is equal 
to 
the 
voltage 
which 
is externally 
forced 
at 
the 
VREF/2 
pin. 
This 
allows 
for 
a ratiometric 
voltage 


reference 
using 
the 
VCC 
supply, 
a 5 
VDC 
reference 


voltage 
can 
be used 
for the 
VCC supply 
or a voltage 
less 


than 
2.5 
VDC 
can 
be applied 
to the 
VREF/2 
input 
for 
increased 
application 
flexibility. 
The internal 
gain to the 


VREF!2 
input 
is 
2 
making 
the 
full-scale 
differential 
input 
voltage 
twice 
the voltage 
at pin 9. 


An example 
of the use of an adjusted 
reference 
voltage 
is 


to 
accommodate 
a reduced 
span-or 
dynamic 
voltage 
range 
of 
the 
analog 
input 
voltage. 
If the 
analog 
input 


voltage 
were 
to range 
from 
0.5 VDC to 3.5 VDC, 
instead 
of 
OV to 
5 VDC, 
the 
span 
would 
be 
3V 
as shown 
in 


Figure 5. 
With 
0.5 
VDC 
applied 
to 
the 
VIN(-) 
pin 
to 


absorb 
the 
offset, 
the 
reference 
voltage 
can 
be 
made 
equal 
to 
112 of the 
3V span 
or 
1.5 V DC. The AID 
now 
will 
encode 
the 
V IN (+) signal 
from 
0.5V 
to 3.5V 
with 
the 
0.5V 
input 
corresponding 
to zero 
and 
the 
3.5 
VDC 
input 
corresponding 
to 
full-scale. 
The 
full 
8 
bits 
of 
resolution 
are 
therefore 
applied 
over 
this 
reduced 
analog 
input 
voltage 
range. 
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b) Accommodating 
an Analog Input from 
O.5V (Digital Out = OOHEX) to 3.5V 
(Digital Out = FFHEX) 


The converter 
can be operated in a ratiometric 
mode or 
an absolute mode. In ratiometric 
converter applications, 
the magnitude of the reference voltage is a factor in both 
the output 
of the source transducer and the output 
of 
the AID 
converter and therefore 
cancels out in the final 


digital 
output 
code. 
The 
ADC0805 
is specified 
par· 
ticularly 
for 
use in 
ratlometric 
applications 
with 
no 
adjustments 
required. 
In 
absolute 
conversion 
appli- 
cations, 
both 
the 
initial 
value 
and 
the 
temperature 


stability 
of the reference voltage are important 
accuracy 
factors 
in 
the 
operation 
of 
the 
AID 
converter. 
For 
VREF/2 
voltages 
of 
2.5 
VDC 
nominal 
value, 
initial 
errors 
of 
±10 
mVDC 
will 
cause conversion 
errors of 


±1 
LSB due to 
the gain of 
2 of 
the VREF12 
input. 
In reduced span applications, 
the initial 
value and the 


stability 
of 
the 
VREF12 
input 
voltage 
become even 
more 
important. 
For example, 
if the 
span is reduced 
to 
2.5V, 
the 
analog 
input 
LSB voltage value is cor· 
respondingly 
reduced from 
20 mV (5V spanI to 10 mV 


and 
1 LSB at the 
VREF/2 
input 
becomes 5 mY. 
As 
can be seen, this reduces the allowed 
initial 
tolerance 
of the 
reference voltage 
and requires correspondingly 
less absolute change with 
temperature 
variations. 
Note 
that 
spans smaller than 2.5V place even tighter 
require- 
ments on the initial 
accuracy and stability 
of the ref· 


erence 
sou rce. 


In general, the magnitude 
of the reference voltage will 


require an initial 
adjustment. 
Errors due to an improper 


value of reference voltage appear as full'scale 
errors in 
the AID 
transfer function. 
IC voltage regulators may be 
used for 
references if the ambient temperature 
changes 
are not excessive. The LM336B 2.5V IC reference diode 


(from 
National 
Semiconductor) 
is available which 
has 


a temperature 
stability 
of 
1.8 mV 
typ 
(6 mV 
maxI 
over 
O°C :::; TA 
:::; +70°C. 
Other 
temperature 
range 
parts are also available. 


The zero of the AID 
does not require adjustment. 
If the 
minimum 
analog 
input 
voltage 
value, 
VIN(MIN), 
is 
not 
ground, 
a zero offset 
can be done. The converter 
can be made to output 
0000 0000 digital 
code for this 


minimum input voltage by biasing the AID V IN (-) input 
at this VIN(MIN) 
value (see Applications 
section). 
This 


utilizes 
the 
differential 
mode 
operation 
of 
the 
AID. 


The 
zero error 
of 
the 
AID 
converter 
relates to 
the 
location 
of the first 
riser of the'transfer 
function 
and 
can 
be measured 
by grounding 
the 
V 
(-) 
input 
and 
applying a small magnitude 
positive voltage to the V (+) 


input. 
Zero 
error 
is the difference 
between the actual 


DC input 
voltage 
which 
is necessary to just cause an 
output 
digital code transition 
from 0000 0000 to 0000 


0001 and the ideal 
1/2 
LSB value (1/2 
LSB = 9.8 mV 
for VREF/2 
= 2.500 VDCI. 


The full-scale 
adjustment 
can be made by applying 
a 
differential 
input voltage which is 1·112 LSB down from 
the desired analog full·scale voltage range and then ad· 
justing 
the 
magnitude 
of 
the 
VREF12 
input 
(pin 
9 
or the 
VCC supply 
if pin 9 is not used) for 
a digital 
output 
code which 
is just 
changing 
from 
1111 
1110 
to 1111 1111. 


2.5.3 Adjusting 
for 
an Arbitrary 
Analog 
Input Voltage 
Range 


If the 
analog zero voltage of the AID 
is shifted 
away 


from 
ground 
(for example. to accommodate 
an analog 


input 
signal which 
does not 
go to 
ground) 
this 
new 


zero 
reference 
should 
be properly 
adjusted 
first. 
A 


VIN(+) 
voltage which equals this desired zero reference 


plus 
1/2 
lSB 
(where 
the 
lSB 
is calculated 
for 
the 


desired analog span. 1 lSB = analog span/256) is applied 
to pin 6 and the zero reference voltage at pin 7 should 
then 
be adjusted to just obtain 
the OOHEX to 01HEX 


code transition. 


The full-scale 
adjustment 
should 
then 
be made (with 


the proper VIN(-) 
voltage applied) by forcing 
a voltage 


to the VIN(+) 
input which is given by; 


[ 
(VMAX-VMIN)] 
, 


256 


VMIN 
= the low end (the offset zero) of the analog 
range. (Both are ground referenced.) 


The 
VREF/2 
(or 
VCC) 
voltage 
is then 
adjusted 
to 


provide 
a code change from 
FEHEX 
to 
FFHEX. 
This 
completes the adjustment procedure. 


The clock 
for 
the 
AID 
can be derived from 
the CPU 


clock 
or an external 
RC can be added to provide self- 


clocking. 
The ClK 
IN (pin 4) makes use of a Schmitt 


trigger as shown in Figure 6. 


1 
fCLK"-- 
1.1 RC 


R" 
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FIGURE 6. Self-Clocking the AID 


Heavy capacitive 
or 
DC loading 
of 
the clock 
R pin 


should be avoided as this will disturb 
normal converter 


operation. 
loads 
lessthan 50 pF, such as driving up to 7 


AID 
converter clock inputs from a single clock R pin of 


1 converter, are allowed. 
For larger clock line loading, a 


CMOS or 
low 
power 
T2l 
buffer 
or PNP input 
logic 


should 
be used to minimize 
the loading 
on the clock 


R pin (do not use a standard T2l 
buffer). 


If the AID 
is restarted 
(CS and WR go low and return 


high) during 
a conversion, 
the converter 
is reset and a 


new conversion 
is started. The output 
data latch is not 


updated if the conversion 
in process is not allowed to 


be completed, 
therefore 
the data of the previous con- 


version 
remains 
in th is latch. 
The 
INTR 
output 
also 


simply remains at the "1" 
level. 


For operation 
in the free-running 
mode an initializing 


pulse should 
be used, following 
power-up, 
to 
insure 


circuit 
operation. 
In this 
application, 
the 
CS input 
is 


grounded and the WR input 
is tied to the INTR output. 


This WR and INTR node should be momentarily 
forced 


to 
logic 
low 
following 
a power-up cycle to guarantee 


operation. 


This MaS 
AID, 
like 
MaS 
microprocessors 
and mem- 


ories, will require a bus driver when the total capacitance 
of the data bus gets large. Other circuitry, 
which is tied 
to the data bus, will 
add to the total capacitive loading, 


even in TRI-STATE 
(high impedance mode). Backplane 


bussing also greatly adds to the stray capacitance of the 
data bus. 


There are some alternatives available to the designer to 
handle this problem. 
Basically, the capacitive loading of 


the data bus slows down the response time, even though 
DC specifications 
are still 
met. For systems operating 
with a relatively slow CPU clock frequency, more time is 
available in which to establish proper logic levels on the 
bus and therefore 
higher capacitive loads can be driven 
(see typical 
characteristics curves). 


At higher CPU clock frequencies time can be extended 
for 
1/0 
reads (and/or 
writes) 
by 
inserting 
wait states 


(8080) or using clock 
extending 
circuits 
(6800). 


Finally, 
if time 
is short and capacitive loading 
is high, 


external 
bus drivers must be used. These can be TR I· 


STATE 
buffers 
(low power Schottky 
is recommended 


such as the DM74lS240 
series) or special higher drive 


current 
products 
which 
are designed as bus drivers. 


High current 
bipolar 
bus drivers with 
PNP inputs are 


recommended. 


Noise spikes on the VCC supply line can cause conversion 
errors as the comparator 
will 
respond to this noise. A 


low inductance tantalum 
filter 
capacitor should be used 


close to the converter 
VCC pin and values of 
1 I1F or 


greater are recommended. 
If an unregulated 
voltage is 


available 
in 
the 
system, 
a separate 
lM340lAZ·5.0, 


TO·92, 
5V 
voltage 
regulator 
for 
the 
converter 
(and 


other 
analog circuitry) 
will 
greatly 
reduce digital noise 


on the VCC supply. 


Standard digital 
wire wrap sockets are not satisfactory 


for 
breadboarding 
this 
AID 
converter. 
Sockets on PC 


boards can be used and all logic signal wires and leads 
should be grouped and kept as far away as possible from 
the 
analog signal leads. Exposed leads to 
the analog 


inputs can cause undesired digital noise and hum pickup, 
therefore 
shielded leads may be necessary in many ap- 


plications. 
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bypass 
capacitors, 
analog 
input 
filter 
capacitors, 
or input 
signal 
shielding 
should 
be returned 
to the 
analog 
ground 
point. 
A test 
for 
proper 
grounding 
is to 
measure 
the 
zero 
error 
of the 
A/D converter. 
Zero 
errors 
in excess 
of 
1/4 
LSB can 
usually 
be traced 
to improper 
board 
layout 
and 
wiring 
(see 
section 
2.5.1 
for 
measuring 
the 
zero 
error). 


There 
are 
many 
degrees 
of 
complexity 
associated 
with 
testing 
an A/D 
converter. 
One 
of the 
simplest 
tests 
is to 
apply 
a known 
analog 
input 
voltage 
to the converter 
and 
use 
LEDs 
to display 
the 
resulting 
digital 
output 
code 
as 
shown 
in Figure 7. 


For 
ease 
of 
testing, 
the 
VREF/2 
(pin 
9) 
should 
be 
supplied 
with 
2.560 
VDC 
and 
a VCC supply 
voltage 
of 
5.12 
VDC 
should 
be 
used. 
This 
provides 
an 
LSB value 
of 20 mV. 


If a full-scale 
adjustment 
is to 
be made, 
an analog 
input 
voltage 
of 
5.090 
VDC 
(5.120 
- 
1 1/2 
LSB) should 
be 
applied 
to the 
VIN(+) 
pin with 
theVIN(-) 
pin grounded. 
The 
value 
of 
the 
VREF/2 
input 
voltage 
should 
then 
be adjusted 
until 
the 
digital 
output 
code 
is just changing 
from 
1111 
1110 
to 
1111 
1111. 
This 
value 
of VREF/2 


should 
then 
be used 
for all the tests. 


The 
digital 
output 
LED 
display 
can 
be 
decoded 
by 
dividing 
the 
8 
bits 
into 
2 hex 
characters, 
the 
4 most 
significant 
(MS) 
and 
the 
4 least 
significant 
(LS). 
Table 
I 
shows 
the 
fractional 
binary 
equivalent 
of these 
two 
4-bit 
groups. 
By adding 
the 
decoded 
voltages 
which 
are 
ob- 
tained 
from-the 
column: 
Input 
voltage 
value for a 2.560 


VREF/2 
of both 
the 
MS and the 
LS groups, 
the value of 
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values 
of a perfect 
A/D converter. 
The effects 
of quanti- 
zation 
error 
have 
to be accounted 
for 
in the 
interpreta- 
tion 
of the test 
results. 


For 
a higher 
speed 
test 
system, 
or 
to 
obtain 
plotted 
data, 
a digital-to-analog 
converter 
is needed 
for the 
test 
set-up. 
An accurate 
10-bit 
DAC can serve 
as the 
precision 
voltage 
source 
for the 
A/D. 
Errors 
of the A/D 
under 
test 
can 
be 
provided 
as either 
analog 
voltages 
or differences 
in 2 digital 
words. 


A basic 
A/D 
tester 
wh ich uses 
a DAC 
and 
provides 
the 
error 
as an 
analog 
output 
voltage 
is shown 
in Figure 8. 
The 
2 op 
amps 
can 
be eliminated 
if a lab DVM 
with 
a 
numerical 
subtraction 
feature 
is 
available 
to 
directly 
readout 
the 
difference 
voltage, 
"A-C". 
The 
analog 
input 
voltage 
can 
be supplied 
by a low 
frequency 
ramp 
generator 
and 
an 
X-Y 
plotter 
can 
be 
used 
to 
provide 
analog 
error 
(Y axis) 
versus 
analog 
input 
(X axis). 
The 
construction 
details 
of a tester 
of this type 
are provided 


in the 
NSC application 
note 
AN-179, 
"Analog-to-Digital 
Converter 
Testing". 


For 
operation 
with 
a microprocessor 
or 
a computer- 
based 
test 
system, 
it is more 
convenient 
to present 
the 
errors 
digitally. 
This 
can 
be 
done 
with 
the 
circuit 
of 


Figure 
9, 
where 
the 
output 
code 
transitions 
can 
be 


detected 
as the 
10-bit 
DAC is incremented. 
This 
provides 


1/4 
LSB steps 
for the 
8-bit 
A/D under 
test. 
If the 
results 
of 
this 
test 
are 
automatically 
plotted 
with 
the 
analog 
input 
on 
the 
X axis 
and 
the 
error 
(in 
LSB's) 
as the 
Y 
axis, 
a useful 
transfer 
function 
of 
the 
A/D 
under 
test 
results. 
For 
acceptance 
testing, 
the 
plot 
is not 
necessary 
and 
the 
testing 
speed 
can 
be 
increased 
by 
establishing 
internal 
limits 
on the 
allowed 
error 
for each 
code. 


To discuss 
the 
interface 
with 
8080A 
and 
6800 
micro· 
processors, a common 
sample subroutine 
structure 
is 
used. 
The 
microprocessor 
starts 
the 
A/D, 
reads 
and 
stores 
the 
results 
of 
16 successive 
conversions, 
then 
re- 


turns 
to the user's 
program. 
The 
16 data 
bytes 
are stored 
in 
16 
successive 
memory 
locations. 
All 
Data 
and 
Ad- 
dresses 
will 
be 
given 
in 
hexadecimal 
form. 
Software 
and 
hardware 
details 
are 
provided 
separately 
for 
each 
type 
of microprocessor. 


4.1 
Interfacing 
8080 
Microprocessor 
Derivatives 


(8048, 
8085) 


This 
converter 
has 
been 
designed 
to 
directly 
interface 
with 
derivatives 
of 
the 
8080 
microprocessor. 
The 
A/D 
can 
be 
mapped 
into 
memory 
space 
(using 
standard 


memory 
address 
decoding 
for 
CS and 
the 
MEMR 
and 
M EMW strobes) 
or it can 
be controlled 
as an I/O device 
by 
using 
the 
I/O 
Rand 
I/O 
W strobes 
and 
decoding 


the 
address 
bits 
AO ~ 
A7 
(or 
address 
bits 
A8 
~ 
A15 
as they 
will contain 
the 
same 
8-bit 
address 
information) 
to 
obtain 
the 
CS 
input. 
Using 
the 
I/O 
space 
provides 
256 
additional 
addresses 
and 
may 
allow 
a 
simpler 
B-bit 
address 
decoder 
but 
the 
data 
can 
onlv 
be 
input 
to 
the 
accumulator. 
To 
make 
use 
of 
the 
additional 
memory 
reference 
instructions. 
the 
A/D 
should 
be 


mapped 
into 
memory 
space. 
An 
example 
of 
an 
A/D 


in I/O space 
is shown 
in Figure 
10. 


8·BIT 
AID 


UNDER 
TEST 


DIGITAL 
AID 
UNDER 
DIGITAL 
INPUT 
TEST 
OUTPUT 


FIGURE 
9. Basic "Digital" 
A/D Tester 


TABLE 
I. DECODING 
THE DIGITAL 
OUTPUT 
LEOs 


HEX 
BINARY 
FRACTIONAL 
BINARY 
VALUE 
FOR 


MS GROUP 
LS GROUP 


F 
1 
1 
1 
1 
15/16 
15/256 


E 
1 
1 
1 
0 
7/8 
7/128 


D 
1 
1 
0 
1 
13/16 
13/256 


C 
1 
1 
0 
0 
3/4 
3/64 


B 
1 
0 
1 
1 
11/16 
11/256 


A 
1 
0 
1 
0 
5/8 
5/128 


9 
1 
0 
0 
1 
9/16 
9/256 


8 
1 
0 
0 
0 
1/2 
1/32 


7 
0 
1 
1 
1 
7/16 
7/256 


6 
0 
1 
1 
0 
3/8 
3/128 


5 
0 
1 
0 
1 
5/16 
5/256 


4 
0 
1 
0 
0 
1/4 
1/64 


3 
0 
0 
1 
1 
3/16 
3/256 


2 
0 
0 
1 
0 
1/8 
1/128 


1 
0 
0 
0 
1 
1/16 
1/256 


0 
0 
0 
0 
0 


·V Display Output = VMS Group + VLS Group 


»cogo 
_N 
» 
Coo 
~ 
~»coo 


~»coo 
COo 
OUTPUT 
VOLTAGE 
U1 


CENTER 
VALUES 


WITH 
VREF/2 
= 2.560 VDC 


VMS GROUp· 
VLS GROUp· 


4.800 


4.480 


4.160 


3.840 


3.520 


3.200 


2.880 


2.560 


2.240 


1.920 


1.600 


1.280 


0.960 


0.640 


0.320 
o 


0.300 


0.280 


0.260 


0.240 


0.220 


0.200 


0.180 


0.160 


0.140 


0.120 


0.100 


0.080 


0.060 


0.040 


0.020 
o 


etf 


~o 
()c« 


oBo (13)* 


OB1 (161* 


DB2 (11)* 


DBJ (9)* 


084/5)* 


085(18)* 


086 
(201* 


DB7 m* 


T5 
B5 
AD15 
136) 


T' 
B' 
AD14 (39) 


13 
OMS131 
B3 
AD1313B) 
BUS 
T2 
COMPARATOR 
B2 
AD1213,) 


11 
B1 
AD11 (40) 


TO 
BD 
AD,o 
111 


Note 
1: 
"Pin numbers for the INS8228 
system controller, others are INS8080A. 


Note 
2: 
Pin 23 of the 
INS8228 
must 
be tied 
to +12V 
through 
a 1 kn resistor 
to generate 
the RST 
7 
instruction 
when an interrupt 
is acknowledged 
as required 
by the accompanying 
sample program. 


0103 
0106 
0107 
0109 
OlOC 
OlOE 
010F 
0110 
0113 


0300 
0302 
0303 
0304 


H L pair 
will 
point 
to 


data 
storage 
locations 


Initialize 
stack 
pointer 
(Note 
1) 


Test # of bytes 
entered 


If # = 16. 
JMP 
to 


user 
program 
Start 
AID 
Enable 
interrupt 


Loop 
until 
end 
of 
conversion 


31 0004 
70 
FE OF 
CA 1301 
03 
EO 
FB 
00 
C3 OF 01 


LXI 
SP 0400H 
MOV 
A, L 
CPI OF 
H 
JZ 
CaNT 
OUT 
EO H 
EI 
Nap 
JMP 
LOOP 


(User 
program 
to 
process 
data) 


DB EO 
77 
23 
C3 03 01 


IN 
EO H 


MOV 
M, A 
INX H 
JMP 
RETURN 


Load 
data 
into 
accumulator 


Store 
data 


Increment 
storage 
pointer 


Note 
1; 
The stack 
pointer 
must 
be dimensioned 
because 
a RST 
7 instruction 
pushes 
the PC onto 
the stack. 


Note 2: 
All addresses used were arbitrarily 
chosen. 


is still 
required 
to generate the appropriate 
CS for the 


converter. 


The standard 
control 
bus signals of the 8080 
(CS, R0 


and WR) can be directly 
wired to the digital 
control 
in- 


puts of the A/D and the bus timing 
requirements 
are met 


to allow 
both starting 
the converter 
and outputting 
the 
data onto 
the data bus. A bus driver should 
be used for 
larger microprocessor 
systems where the data bus leaves 
the PC board 
and/or 
must 
drive capacitive 
loads larger 


than100pF. 


It is important 
to note that 
in systems where the A/D 


converter is 1-of-8 or less I/O mapped devices, no address 
decoding 
circuitry 
is necessary. Each of the 
8 address 


bits 
(AO to A7) can be directly 
used as CS inputs-one 


for each I/O device. 


4.1.1 Sample 
8080A 
CPU 
Interfacing 
Circuitry 
and 
Program 


The following 
sample program and associated hardware 
shown in Figure 
10 may be used to input data from the 
converter 
to 
the 
INS8080A 
CPU chip 
set (comprised 


of the 
INS8080A 
microprocessor, 
the 
INS8228 
system 


controller 
and 
the 
INS8224 
clock 
generator). 
For 


simplicity, 
the 
AID 
is controlled 
as an 
I/O 
device, 


specifically 
an 
8-bit 
bi-directional 
port 
located 
at an 


arbitrarily 
chosen 
port 
address, EO. The 
TR I-STATE 


output 
capability 
of the A/D 
eliminates 
the need for a 


peripheral 
interface 
device, 
however 
address decoding 


The 
INS8048 
interface 
technique 
with 
the 
ADC0801 
series (see Figure 
1T) is simpler 
than 
the 8080A 
CPU 


interface. 
There 
are 24 
I/O lines and three test input 


lines in the 8048. 
With 
these extra 
I/O 
lines available, 
one of 
the 
I/O 
Iines (bit 
0 of port 
1) is used as the 
chip 
select signal to the A/D, 
thus eliminating 
the use 


of 
an 
external 
address decoder. 
Bus control 
signals 


RD, WR and INT 
of the 8048 
are tied directly 
to the 


A/D. 
The 
16 converted 
data 
words 
are stored 
at on- 
chip 
RAM 
locations 
from 
20 to 
2F 
(Hex). 
The 
RD 


and 
WR 
signals are generated 
by 
reading 
from 
and 


writing 
into 
a dummy 
address, respectively. 
A sample 


interface program is shown below. 


SVoc 


99 FE 
81 


8901 
B820 
B9 FF 
BA10 
23 FF 
99 FE 
91 
05 
9621 
EA 1B 
00 
00 


81 
AO 
18 
8901 
27 
93 


40 


Vee 
080 
12 


OBI 


13 


14 
0B2 
15 
DB] 


0B4 
16 


DBS 
17 


0B6 
18 


INS804B 
19 
0B7 


18 
DBD 


17 
DBl 


16 
DB2 


15 
083 


14 084 


13 
DSS 


12 
086 


11 oB7 


150pF 
, 
19 
10k 


~ 


ifij 
Rii 
ClK 
R 


ViR 
10 
ViR 
elK IN 


iN"!' 
6 
INTR 


21 
cs 
A GNO , 


PlD 
10 


6 
VINt+J 
o GND 


ANALOG 
{ 
INPUT 
7 
VINH 
-=- 
Vss 


10 
-=- 
FIGURE 
11. 
INS8048 Interface 


SAMPLE 
PROGRAM 
FOR FIGURE 
11 INS8048 
INTERFACE 


JMP 
10H 
; Program starts at addr 10 
ORG 
3H 
JMP 
50H 
; Interrupt 
jump vector 
ORG 
10H 
; Main program 
ANL 
P1, #OFEH 
; Chip select 
MOVX 
A, @R1 
; Read in the 1st data 
; to reset the intr 
START: 
ORL 
P1,#1 
; Set port pin high 
MOV 
RO, #20H 
; Data address 


MOV 
R1, #OF FH 
; Dummy 
address 
MOV 
R2, #10H 
; Counter for 16 bytes 


AGAIN: 
MOV 
A, #OFFH 
; Set ACC for intr loop 


AN L 
P1, #OFEH 
; Send CS (bit 0 of P1) 
MOVX 
@R1,A 
; SendWR 
out 
EN 
I 
; Enable interrupt 
LOOP: 
JNZ 
LOOP 
; Wait for interrupt 
DJNZ 
R2, AGAIN 
; If 16 bytes are read 


NOP 
; go to user's program 
NOP 
ORG 
50H 
INDATA: 
MOVX 
A,@R1 
;lnputdata,CSstilllow 


MOV 
@RO, A 
; Store in memory 


INC 
RO 
; Increment 
storage counter 


ORL 
P1,#1 
; ResetCSsignal 
CLR 
A 
; Clear ACC to get out of 


RETR 
; the interrupt 
loop 
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fS 


Rii 


ViR 
ADCOBOl 


TNT 


The INS8073 allows users to program directly 
in Tiny 
Basic. DS1488/1489 
driver/receiver 
chips are used for 
level buffering 
to communicate 
via RS-232. (For a de- 


tailed 
description 
of the 
INS8073 
and the Tiny 
Basic, 


see INS8073 
data 
sheet.) 
The 
ADC0801 
is mapped 
into 
the 
memory 
space 
of 
the 
8073 
system 
(see 
Figure 
12). A RAM of 
1k bytes is provided 
in which 


the first 
256 bytes are used by the Tiny 
Basic micro- 
interpreter. 
Address 
3000 
(Hex) 
is 
assigned to 
the 


A/D 
and 
the 
16 converted 
data bytes are stored 
at 


external 
RAM 
locations 
from 
13DO to 
13DF 
(Hex). 


STAT 
function 
is used to 
examine 
the 
interrupt 
sig- 


nal from 
the 
A/D. 
A sample Tiny 
Basic subroutine 
is 
given in the sample program for Figure 
12 - 
INS8073 


Interface. 


The Z-80 control 
bus is slightly 
different 
from 
that of 


the 8080. General RD and WR strobes are provided and 
separate 
memory 
request, 
MREO, 
and 
I/O 
request, 
10RO, signals are used which have to be combined with 
the generalized strobes to provide 
the equivalent 
8080 


signals. An advantage of operating the AID 
in I/O space 
with 
the Z-80 is that the CPU will 
automatically 
insert 


one wait state (the RD and WR strobes are extended one 
clock period) 
to allow more time for the I/O devices to 


respond. Logic to map the AID 
in I/O space is shown in 


Figure 
13. 


FIGURE 
13. Mapping the A/D as an I/O Device 
for Use with the Z-80 CPU 


Additional 
I/O advantages exist as software 
DMA 
rou- 
tines are available and use can be made of the output 
data transfer 
which 
exists on the upper 8 address lines 
(A8 to A 15) during I/O input instructions. 
For example, 


MUX channel selection for the A/D can be accomplished 
with this operating mode. 


C = 16 
D = #13DO 
@#3000= 
A 
A = STAT AND #20 
IF A <> 
0 THEN GO TO 130 
@ D =@ #3000 
D= D + 1 
C=C-1 
IFC>OTHENGOT0120 
RETURN 


; REM C is the 16 bytes counter 
; REM D points to data address 
; REM start A/D 
; REM wait until interrupt 
; REM from AID 
; REM input converted data 
; REM increment data address 
; REM check counter 
; REM if 16 data have been read 
; REM return to main program 


4.3 
Interfacing 
6800 Microprocessor 
Derivatives 


(6502, etc.) 


The control 
bus for the 6800 microprocessor 
derivatives 


does not use the 
RD and WR strobe signals. Instead it 


employs 
a single 
RM 
line 
and 
additional 
timing, 
if 


needed, can be derived 
from 
the 
¢!2 clock. 
All 
I/O 


devices are memory 
mapped in the 6800 system, and a 


special signal, VMA, 
indicates that the current address is 


valid. Figure 
14 shows an interface schematic where the 


A/D 
is memory 
mapped in the 6800 system. 
For sim- 


plicity, 
the 
CS decoding 
is shown using 1/2 DM8092. 


Note that 
in many 6800 systems, an already decoded 


4/5 
line is brought 
out to the common 
bus at pin 21. 


This can be tied directly 
to the CS pin of the A/D, pro- 
vided 
that 
no 
other 
devices 
are addressed at 
HEX 


ADDR: 
4XXX 
or 5XXX. 


The following 
subroutine 
essentially performs the same 


function 
as in the case of the 8080A interface and it can 


be called from anywhere in the user's program. 


In Figure 
15 the ADC0801 
series is interfaced 
to the 


M6800 
microprocessor 
through 
(the arbitrarily 
chosen) 


Port B of the MC6820 or MC6821 Peripheral 
Interface 


Adapter, 
(PIAl. 
Here the CS pin of the A/D is grounded 


since the PIA is already memory 
mapped in the M6800 


system and no CS decoding 
is necessary. Also notice 


that 
the 
A/D 
output 
data 
lines are connected 
to the 


microprocessor 
bus 
under 
program 
control 
through 


the PIA and therefore the A/D 
RD pin can be grounded. 


A sample interface 
program equivalent 
to the previous 


one, 
is shown 
below 
Figure 
15. The 
PIA 
Data and 


Control 
Registers of 
Port 
B are located 
at 
HEX ad- 


dresses8006 and 8007, respectively. 


The following 
applications 
show some interesting 
uses 


for the A/D. The fact that one particular 
microprocessor 


is used is not meant to be restrictive. 
Each of these appl i· 


cation 
circuits 
would 
have its counterpart 
using any 


microprocessor which is desired. 


5.1 
Multiple 
ADC0801 
Series to MC6800 
CPU 


Interface 


To transfer 
analog data from 
several channels to a single 
microprocessor 
system, 
a 
multiple 
converter 
scheme 


presents 
several advantages 
over the conventional 
multi- 
plexer 
single-converter 
approach. 
With 
the 
ADC0801 


series, 
the 
differential 
inputs 
allow 
individual 
span 


adjustment 
for 
each 
channel. 
Furthermore, 
all 
analog 


input 
channels 
are sensed simultaneously, 
which 
essen· 


tially 
divides 
the microprocessor's 
total 
system servicing 


time 
by the 
number 
of 
channels, 
since all conversions 


occur simultaneously. 
Thisscheme 
is shown 
in Figure 16, 


RIW 
1341161 


10k 


+ 


cs 
Vcc 
20 
T 


10PF 


RJj 
19 
sv 18) IA8Cj 
eLK 
A 
123 
WA 
18 
00 1331131J 
080 


eLK IN 
17 
01 13211291 
081 


INTR 
082 16 
02 1311IKI 
Ala 
15 
ANALOG 
VIN(+) 
083 
03 1301(HI 


INPUTS 
14 
04 12911321 
v'NH 
084 13 
A GNO 
085 
05 1281[301 


VREF/Z 
12 
06 12711[1 
086 
o GND 
087 11 
07 1261IJI 


A12(22)1341 


~AI3123J[NI 


A14(241IMI 


~A1S12S11331 


VMA151IFI 


Note 1: 
Numbers in parentheses refer to Me6S00 
CPU pin out. 


Note 
2: 
Numbers 
or letters 
in brackets 
refer to standard 
M6800 
system 
common 
bus code. 


? ONO 
Illf 
WXY I 
rf, 
414243 


FIGURE 
14, ADC0801-MC6800 
CPU Interface 


SAMPLE 
PROGRAM 
FOR FIGURE 
14 ADC0801-MC6800 
CPU INTERFACE 


0010 
DF 36 
DATAIN 
STX 
TEMP2 
; Save contents 
of X 
0012 
CE 00 2C 
LDX 
=$002C 
; Upon 
I RQ low 
CPU 


0015 
FF FF F8 
STX 
5FFF8 
; jumps 
to 002C 
0018 
B7 50 00 
STAA 
55000 
; Starts 
ADC0801 
[;II 


001B 
OE 
CLI 


001C 
3E 
CONVRT 
WAI 
; Wait for 
interrupt 


001D 
DE 34 
LDX 
TEMPl 


001F 
8C 02 OF 
CPX 
=5020F 
; Is final 
data stored? 
0022 
27 14 
BEQ 
ENDP 


0024 
B7 50 00 
STAA 
55000 
; Restarts 
ADC0801 


0027 
08 
INX 
0028 
DF 34 
STX 
TEMPl 


002A 
20 FO 
BRA 
CONVRT 


002C 
DE 34 
INTRPT 
LDX 
TEMP1 
002E 
B6 5000 
LDAA 
55000 
; Read data 


0031 
A700 
STAA 
X 
; Store 
it at X 
0033 
3B 
RTI 


0034 
0200 
TEMP1 
FDB 
$0200 
; Starting 
address for 


; data storage 


0036 
0000 
TEMP2 
FDB 
$0000 


0038 
CE 02 00 
ENDP 
LDX 
=1$0200 
; Reinitialize 
TEMP1 


003B 
DF 34 
STX 
TEMP1 


003D 
DE 36 
LDX 
TEMP2 


003F 
39 
RTS 
; Return 
from 
subroutine 
; To user's program 


Note 1: 
In order for the microprocessor to service subroutines and interrupts, 
the stack pointer 
must be 
dimensioned 
in the user's program. 


8·51 


M 
c 
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SAMPLE 
PROGRAM 
FOR FIGURE 
15 AOC0801-MC6820 
PIA INTERFACE 


0010 
CE 00 38 
OATAIN 
lOX 
.it$0038 
; Upon 
IRQ low CPU 


0013 
FF FF F8 
STX 
$FFF8 
; jumps to 0038 
0016 
B6 80 06 
lOAA 
PIAORB 
; Clear possible IRQ flags 


0019 
4F 
ClRA 
001A 
B7 8007 
STAA 
PIACRB 


0010 
B7 8006 
STAA 
PIAORB 
; Set Port B as input 


0020 
DE 
Cli 
0021 
C634 
lOAB 
=$34 


0023 
8630 
lOAA 
=$30 


0025 
F7 80 07 
CONVRT 
STAB 
PIACRB 
; Starts AOC0801 
0028 
B7 80 07 
STAA 
PIACRB 
002B 
3E 
WAI 
; Wait for interrupt 
002C 
DE 40 
lOX 
TEMPl 
002E 
8C 02 OF 
CPX 
=S020F 
; Is final 
data stored? 


0031 
27 OF 
BEQ 
ENOP 
0033 
08 
INX 


0034 
OF 40 
STX 
TEMPl 
0036 
20 ED 
BRA 
CONVRT 
0038 
DE 40 
INTRPT 
lOX 
TEMPl 
003A 
B6 80 06 
LOAA 
PIAORB 
; Read data in 
0030 
A700 
STAA 
X 
; Store it at X 


003F 
3B 
RTI 
0040 
0200 
TEMPl 
FOB 
$0200 
; Starting 
address for 


; data storage 


0042 
CE 02 00 
ENOP 
LOX 
.::$0200 
; Reinitialize 
TEMPl 
0045 
OF 40 
STX 
TEMPl 
0047 
39 
RTS 
; Return from subroutine 


PIAORB 
EQU 
$8006 
; To user's program 
PIACRB 
EQU 
$8007 


The 
following 
schematic 
and 
sample 
subroutine 
(DATA 
IN) 
may 
be 
used 
to 
interface 
(up 
to) 
B ADCOB01's 


directly 
to the 
MC6BOO CPU. 
This 
scheme 
can easily 
be 


extended 
to 
allow 
the 
interface 
of more 
converters. 
In 


this 
configuration 
the converters 
are (arbitrarily) 
located 


at HEX 
address 
5000 
in the 
MC6BOO memory 
space. 
To 


save 
components, 
the 
clock 
signal 
is derived 
from 
just 


one RC pair on the first 
converter. 
This output 
drives 
the 


other 
AIDs. 


the 
CPU, 
starts 
all 
the 
converters 
simultaneously 
and 


waits 
for 
the 
interrupt 
signal. 
Upon 
receiving 
the 
in· 
terrupt, 
it reads the converters 
(from 
HEX addresses 
5000 


through 
5007) 
and 
stores 
the 
data 
successively 
at (arbi- 


trarily 
chosen) 
HEX 
addresses 
0200 
to 
0207, 
before 


returning 
to 
the 
user's 
program. 
All CPU 
registers 
then 


recover 
the original 
data 
they 
had before 
servicing 
DATA 


IN. 


All 
the 
converters 
are 
started 
simultaneously 
with 
a 
STORE 
instruction 
at HEX address 
5000. 
Note 
that 
any 


other 
HEX 
address 
of the 
form 
5XXX 
will 
be decoded 


by 
the 
circuit, 
pulling 
all the 
CS inputs 
low. 
This 
can 


easily 
be avoided 
by using 
a more 
definitive 
address 
de- 


coding 
scheme. 
All the 
interrupts 
are ORed 
together 
to 


insure 
that 
all 
AIDs 
have 
completed 
their 
conversion 


before 
the 
microprocessor 
is interrupted. 


5.2 
Auto-Zeroed 
Differential 
Transducer 
Amplifier 


and AID Converter 


The subroutine, 
DATA 
IN, may 
be called 
from 
anywhere 


in the 
user's 
program. 
Once 
called, 
this routine 
initializes 


The 
differential 
inputs 
of the 
ADCOBOl 
series 
eliminate 


the 
need 
to 
perform 
a 
differential 
to 
single 
ended 


conversion 
for 
a differential 
transducer. 
Thus, 
one 
op 


amp 
can 
be 
eliminated 
since 
the 
differential 
to 
single 


ended 
conversion 
is provided 
by the 
differential 
input 


of the 
ADCOBOl 
series. 
In general, 
a transducer 
preamp 


is required 
to 
take 
advantage 
of the 
full 
AID 
converter 


input 
dynamic 
range. 


-, 
ff"'f 


OATA 
BUS, 
~ 


'" 


1 
ff 
V 
20 
Vcc 
,v 


~ 
iiIi 
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J 


WR 
DOO 
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• 
eLKIN 
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6 
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s 
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ff 
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~ 
iiIi 
elK RI!!- 


J 
W1i 
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• 
eLK IN 
081 
11 
, r;mr 
08216 
• 


AID 
DBl 
15 
~ 
1 
VINI+l 


084 14 
VINH 


11 


A GND 
08513 


VREF/2 
086'2 
1 
V 


DGNO 
08111 


2 
.:J: 
Iv 
6 r- 


A 


In'''D~ 
f!-<><:}--4 
A 


• 
A 


~' 
A 


00(33)[31] 


01(32)(29) 


D2(3TIIKI 


OJ (JO)IH] 


04 (29) IU! 


05(28)[30) 


D6(2711G 


071261111 


A2 (l1lIU) 


AT (IOllVI 


AD (91 
[40] 


12(22)[34] 


lJfZJllNI 


14124)fM! 


<:}--4 
15(25)133) 


~Coo 


~ 
",I\) 


~Coo 
COo 
~ 


~coo 
COo 
~ 


~C9 


~(II 


0010 
OF 44 
DATAIN 
STX 
TEMP 
; Save Contents 
of X 


0012 
CE 00 
2A 
LOX 
#$002A 
;Upon 
IRQ LOW CPU 


0015 
FF 
FF F8 
STX 
$FFF8 
; Jumps to 002A 


0018 
B7 
50 00 
STAA 
$5000 
; Starts all AID's 


001B 
OE 
CLI 


001C 
3E 
WAI 
; Wait for interrupt 


0010 
CE 50 00 
LOX 
#$5000 


0020 
OF 40 
STX 
INDEX1 
; Reset both 
INDEX 


0022 
CE 02 00 
LOX 
#$0200 
; 1 and 2 to starting 


0025 
OF 42 
STX 
INDEX2 
; addresses 


0027 
DE 44 
LOX 
TEMP 


0029 
39 
RTS 
; Return from 
subroutine 


002A 
DE 40 
INTRPT 
LOX 
INDEX1 
; INDEX1 
-+ X 


002C 
A6 
00 
LDAA 
X 
; Read data in from 
AID 
at X 


002E 
08 
INX 
; Increment 
X by one 


002F 
OF 40 
STX 
INDEX1 
;X ...• INDEX1 


0031 
DE 42 
LOX 
INDEX2 
; INDEX2 
...• X 


0033 
A7 
00 
STAA 
X 
;Store data at X 


0035 
8C 
02 07 
CPX 
#$0207 
;Have all AID's 
been read? 
0038 
27 
05 
BEQ 
RETURN 
;Yes: 
branch to RETURN 
003A 
08 
INX 
;No: 
increment 
X by one 


003B 
OF 42 
STX 
INDEX2 
;X -+ INDEX2 


0030 
20 
EB 
BRA 
INTRPT 
;Branch to 002A 
003F 
3B 
RETURN 
RTI 
0040 
50 
00 
INDEX1 
FOB 
$5000 
;Starting 
address for AID 
0042 
02 
00 
INDEX2 
FOB 
$0200 
;Starting 
address for data storage 


0044 
00 
00 
TEMP 
FOB 
$0000 


For amplification 
of 
DC input 
signals, a major 
system 


error 
is the input 
offset 
voltage of the amplifiers 
used 
for 
the preamp. Figure 
17 is a gain of 100 differential 


preamp whose offset voltage errors will be cancelled by a 
zeroing subroutine 
which is performed 
by the INS8080A 
microprocessor 
system. The total 
allowable 
input 
offset 


voltage 
error for this preamp is only 50 IlV for 114 LSB 
error. 
This would 
obviously 
require 
very 
precise ampli- 
fiers. The expression for the differential 
output 
voltage 
of the preamp is: 
J1+~1 + 


GAIN 
(1+~) 


where 
Ix is the current 
through 
resistor Rx. All of the 


offset 
error 
terms can be cancelled by making ±Ix Rx = 


Vos1 
+ 
Vos3 
- 
Vos2. 
This 
is the 
principle 
of 
this 


auto-zeroing 
scheme. 


The INS8080A 
uses the 3 1/0 ports of an INS8255 Pro- 
grammable 
Peripheral Interface (PPI) to control 
the auto 
zeroing 
and input 
data from 
the ADC0801 
as shown in 
Figure 
18. The PPI is programmed 
for basic 1/0 opera- 


tion 
(mode 0) with 
Port A being an input port and Ports 
Band 
C being output 
ports. Two bits of Port C are used 
to alternately 
open or close the 2 switches at the input 


of the preamp. 
Switch 
SW1 is closed to force the pre- 
amp's 
differential 
input 
to be zero during 
the zeroing 


subroutine 
and then opened and SW2 is then closed for 


conversion 
of the actual differential 
input 
signal. Using 


2 switches in this manner eliminates concern for the ON 
resistance of the switches as they must conduct 
only the 


input bias current of the input amplifiers. 


Output 
Port 
B is used as a successive approximation 
register by the 8080 
and the binary 
scaled resistors in 


series with 
each output 
bit 
create 
a D/A 
converter. 


During 
the 
zeroing 
subroutine, 
the voltage 
at V x 
in- 
creases or decreases as required 
to make the differential 
output 
voltage 
equal to zero_ This is accom pi ished by 


insuring that the voltage 
at the output 
of A 1 is approxi- 
mately 
2.5V so that a logic "1" 
(5V) on any output 
of 
Port B will 
source current 
into node Vx thus raising the 


voltage at Vx and making the output 
differential 
more 


negative. Conversely, 
a logic "0" 
(OV) will 
pull current 
out 
of 
node Vx and decrease the voltage, 
causing the 


differential 
output 
to 
become 
more 
positive. 
For the 


resistor 
values shown, 
Vx 
can move 
±12 
mV 
with 
a 


resolution 
of 
50 IlV 
which 
will 
null 
the 
offset 
error 


term 
to 
114 
LSB of full-scale 
for 
the ADC0801. 
It is 


important 
that 
the voltage levels which 
drive the auto- 
zero resistors be constant. 
Also, for 
symmetry, 
a logic 


swing 
of 
OV to 
5V 
is convenient. 
To 
achieve this, 
a 


CMOS buffer 
is used for the logic output 
signals of Port 
B and this 
CMOS package is powered with 
a stable 5V 


source. Buffer 
amplifier 
A 1 is necessary so that 
it can 
source or sink the D/A output 
current. 


i7 


-12V 
•• 
Vel 


lOOk 


" 
$WI 
"Ok 
ii4 


J90. 


if 


V" 
193. 
ff 


1.56M 
iT 


[ 


ED 


FROM 
OUTPUT 


PORTe 
(FIGURE 161 


IT 


Notal: 
R2 = 49.5 Rl 


Note 2: 
Switches are CD4066BC 
CMOS analog switches. 


Note 
3: 
The 9 resistors 
used 
in the auto·zero 
section 
can be ±5% tolerance. 
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A 
flow 
chart 
for 
the 
zeroing 
subroutine 
is shown 
in 
Figure 
19. 
It must 
be 
noted 
that 
the 
ADC0801 
series 
will output 
an all zero 
code 
when 
it converts 
a negative 
input 
[VINH 
;::VIN(+)]. 
Also, 
a logic 
inversion 
exists 
as all of the 
1/0 ports 
are buffered 
with 
inverting 
gates. 


Basically, 
if the 
data 
read is zero, 
the differential 
output 
voltage 
is negative, 
so a bit 
in Port 
B is cleared 
to 
pull 
Vx 
more 
negative 
which 
will 
make 
the 
output 
more 
positive 
for 
the 
next 
conversion. 
If the 
data 
read 
is not 
zero, 
the 
output 
voltage 
is positive 
so a bit 
in Port 
B 
is set 
to 
make 
Vx 
more 
positive 
and 
the 
output 
more 
negative. 
This 
continues 
for 
8 approximations 
and 
the 
differential 
output 
eventually 
converges 
to within 
5 mV 
of zero. 


The 
actual 
program 
is given 
in Figure 20. All addresses 
used 
are compatible 
with 
the 
BLC 80/10 
microcomputer 
system. 
In particular: 


Port 
A and the ADC0801 
are at port 
address 
E4 
Port 
B is at port 
address 
E5 
Port 
C is at port 
address 
E6 
PPI control 
word 
port 
is at port 
address 
E7 
Program 
Counter 
automatically 
goes to ADDR:3C3D 
upon 
acknowledgement 
of 
an 
interrupt 
from 
the 
ADC0801 


5.3 
Multiple 
AID Converters 
in a Z-80 
Interrupt 
Driven 
Mode 


In data 
acquisition 
systems 
where 
more 
than 
one 
AID 
converter 
(or other 
peripheral 
device) 
will be interrupting 
program 
execution 
of 
a 
microprocessor, 
there 
is ob· 
viously 
a need 
for 
the 
CPU 
to determine 
which 
device 
requires 
servicing. 
Figure 
21 
and 
the 
accompanying 
software 
is 
a 
method 
of 
determining 
which 
of 
7 
ADC0801 
converters 
has completed 
a conversion 
(INTR 
asserted) 
and 
is 
requesting 
an 
interrupt. 
This 
circuit 
allows 
starting 
the 
AID 
converters 
in 
any 
sequence, 
but 
will 
input 
and 
store 
valid 
data 
from 
the 
converters 
with 
a 
priority 
sequence 
of 
AID 
1 being 
read 
first, 
AID 
2 second, 
etc., 
through 
AID 
7 which 
would 
have 
the 
lowest 
priority 
for 
data 
being 
read. 
Only 
the 
con- 
verters 
whose 
INT is asserted 
will be read. 


The 
key 
to 
decoding 
circuitry 
is 
the 
DM74LS373, 
8-bit 
D type 
flip-flop. 
When 
the 
Z-80 
acknowledges 
the 
interrupt, 
the 
program 
is vectored 
to 
a data 
input 
Z-80 
subroutine. 
This 
subroutine 
will 
read 
a peripheral 
status 
word 
from 
the 
DM74LS373 
which 
contains 
the 
logic 
state 
of 
the 
INTR 
outputs 
of 
all 
the 
con- 
verters. 
Each 
converter 
which 
initiates 
an 
interrupt 
will 
place 
a 
logic 
"0" 
in a unique 
bit 
position 
in the 
status 
word 
and 
the 
subroutine 
will 
determine 
the 
identity 
of 
the 
converter 
and 
execute 
a data 
read. 
An 
identifier 
word 
(which 
indicates 
which 
AID 
the 
data 
came 
from) 
is stored 
in 
the 
next 
sequential 
memory 
location 
above 
the 
location 
of the 
data 
so the 
program 
can keep 
track 
of the 
identity 
of the data 
entered. 


"EXCLUSIVE-OR" 


REG 
B WITH 
REG 
C 
TO SET NEXT 
BIT 


IN PORT 
B 


; Initialize 
SAR 
bit pointer 
c5 
~ 


3D08 
3E7F 
MVI A 7F 
; Initialize 
SAR 
code 
3DOD 
4F 
MOV C,A 
Return 
:t> 


3DOE 
D3E5 
OUT 8 
; Port 8 = SAR code 
0 
3D10 
31AA3D 
LXI SP 3DAA 
Start 
; Dimension 
stack 
pointer 
() 
3D13 
D3E4 
OUT A 
; Start AID 


3D15 
F8 
IE 
0 


3D16 
00 
NOP 
Loop 
; Loop 
until 
INT asserted 
CO 
0 
3D17 
C3163D 
JMP Loop 
",I\:> 
3D1A 
7A 
MOV A,D 
Auto-Zero 
3D18 
C600 
ADIOO 
:t> 


3D1D 
CA2D3D 
JZ Set C 
, Test 
AID 
output 
data 
for zero 
0 
3D20 
78 
MOV A,8 
Shift 8 
() 
3D21 
F600 
ORIOO 
; Clear carry 
3D23 
1F 
RAR 
; Shift "1" 
in 8 right one place 
0 
CO 
3D24 
FEOO 
CPt 00 
; Is B zero? 
If yes last 
0 
3D26 
CA373D 
JZ Done 
; approximation 
has been made 
y:> 


3D29 
47 
MOV 8,A 
3D2A 
C3333D 
JMP New C 
:t> 


3D2D 
79 
MOV A,C 
Set C 
0 
3D2E 
80 
ORA 8 
; Set bit in C that 
is in same 
() 
3D2F 
4F 
MOV C,A 
; position 
as "1" 
in B 
0 
3D30 
C3203D 
JMP Shift 8 
CO 
3D33 
A9 
XRA C 
New C 
; Clear 
bit in C that 
is in 
0 
3D34 
C30D3D 
JMP Return 
; same position 
as "1" 
in B 


"'~ 
3D37 
47 
MOV 8,A 
Done 
; then output 
new SAR 
code. 
3D38 
7C 
MOV A,H 
; Open SW1,close SW2 then 
:t> 


3D39 
EE03 
XRI03 
; proceed 
with 
program. 
Preamp 
0 
3D38 
D3E6 
OUT C 
; is now zeroed. 
() 
3D3D 
Normal 
0 
CO 


Program 
for 
processing 
0 
C11 


proper 
data values 
3C3D 
D8E4 
IN A 
ReadAID Subroutine 
; Read AID data 
3C3F 
EEFF 
XRI FF 
; Invert 
data 
3C41 
57 
MOV D,A 
3C42 
78 
MOV A,8 
; Is 8 Reg= O? If not stay 
3C43 
E6FF 
ANI FF 
; in auto 
zero subroutine 
3C45 
C21A3D 
JNZ 
Auto-Zero 
nil 


3C48 
C33D3D 
JMP 
Normal 


Note: 
All 
numerical 
values are hexadecimal 
representations. 


FIGURE 
20. Software for Auto-Zeroed 
Differential 
AID 


5.3 
Multiple 
AID Converters in a Z-80 


Interrupt 
Driven Mode (Continued) 


5) 
The 
peripherals 
of 
concern 
are mapped 
into 
1/0 
space with the following 
port assignments: 
1) 
It is assumed that the CPU automatically 
performs 
a RST 7 instruction 
when 
a valid 
interrupt 
is ac· 
knowledged 
(CPU is in interrupt 
mode 
1). Hence, 
the subroutine 
starting address of X0038. 


2) 
The address bus from 
the Z-BO and the data bus to 
the Z-80 are assumed to be inverted 
by bus drivers. 


3) 
AID 
data 
and 
identifying 
words 
will 
be stored 
in 
sequential memory locations starting at the arbitrarily 
chosen address X 3EOO. 


4) 
The stack pointer 
must be dimensioned 
in the main 


program 
as the 
RST 
7 instruction 
automatically 
pushes the 
PC onto 
the stack and the 
subroutine 
uses an additional 
6 stack addresses. 


HEX PORT ADDRESS 


00 
01 
02 
03 
04 
05 
06 
07 


PERIPHERAL 


MM74C374 
B-bit flip·flop 


AID 
1 
AID 2 
AID 3 
AID 4 
AID 5 
AID 6 
AID 7 


Th is port address also serves as the AID identifyi 
ng word 
in the program. 


DM7404 
..J 
iNTI! 


D:DJ 
B 


~C~~ 


-1i1I 
AlD1 
r_ 
WR 
D1 


ClK 
IN 


iNTI! 


D1 
B 
DO 
Dl- 
JIll 
AID> 
: 


OJ 
WR 
D1 
h~ 
D1 
D4 
ClKIN 


DATA8US 
: 
: 
MM74CJ74 


~ 
DB1 
DO 
OS 


DO- 
iNll\ 


DUT.07 
B 
DO 


ClK 
OIS-OJ -0" 
Ii1I 
AID> : 


•• '4<" ~ Q.."en 


WIl 
D1 


ClKIN 


iNTI! 


~ 
: 


B 
DO 


Ii1I 
AI" 
: 


WIl 
D1 
y,J 


ClKIN 


ilffR 
y, 
B 
DO 
JIll 
AI" 
: 


A 
Y5 
(//f\ 
D1 


ClKIN 
• 
Y' 


DMl4lS1J8 
iNTI! 


C 
Y3 
r 


B 
DO 
JIll 
A/D6 
: 


Gl 
Y2 
WIl 
D1 


ClKIN 
] 
)c>- 
OlA 
Y1 


iNTI! 
] 
)c>- m 
YO 
B 
DO 
Ii1I AlD7 


0-7- 
WIl 


~ 


51k 
CLKR 


~JO'f 


SOURCE 
STATEMENT 


PUSH 
HL 


PUSH 
BC 


PUSH 
AF 


LD IHLI.X3EOO 


LD C.X01 
OUT 
XOO.A 
IN A. XOO 


LD BA 


LD 
A.C 
CPo XOB 


JPZ. 
DONE 


LD A,B 
RRA 


LD 
B.A 


JPC. 
LOAD 


INC 
C 


JP,TEST 
IN A. ICI 


XOR 
FF 
LD IHLIA 
INC 
L 
LD IHLI,C 


INC L 


JP.NEXT 


POP AF 


POP BC 


POP 
HL 


RET 


OBJCODE 


E5 


C5 


F5 


21 00 3E 


OE 01 
0300 
DBOO 


47 


79 


FE DB 


CA 60 00 


7B 


1F 


47 


DA 5500 
OC 


C3 
4500 


EO 78 


EE FF 


77 
2C 
71 


2C 
C3 51 00 


F1 
C' 
E' 
C9 


; Save 
contents 
of all 
registers 
affected 
by 


; this 
subroutine. 


; Assumed 
INT 
mode 
1 earlier 
set. 


; Initialize 
memory 
pointer 
where 
data 
will 
be stored. 


; C register 
wilt 
be 
port 
ADDR 
of 
AID 
converters. 


; Load 
peripheral 
status 
word 
into 
B-bit 
latch. 


; Load 
status 
word 
into 
accumulator. 


; Save 
the 
status 
word. 


; Test 
to 
see 
if the 
status 
of aU AID's 
have 


; been 
checked. 
If so, 
exit 
subroutine. 


; Test 
a single 
bit 
in status 
word 
by 
~ooking 
for 


; a "1" 
to be rotated 
into 
the 
CARRY 
(an 
lNT 


; is loaded 
as a "1 "). 
If CARRY 
is set 
then 
load 


; contents 
of AID 
at port 
ADDR 
in C register. 


; If CARRY 
is not 
set, 
increment 
C register 
to point 


; to 
next 
AID, 
then 
test 
next 
bit 
in status 
word. 


; Read 
data 
from 
interrupting 
AID 
and 
invert 


; the 
data. 


; Store 
the 
data. 


; Test 
next 
bit 
in status 
word. 


; Re-establish 
all 
registers 
as they 
were 


; before 
the 
interrupt. 


TEMPERATURE 
RANGE 
O"C TO 70"C 
-40°C 
TO +8SoC 
--40"C TO +8S"C 
-SS"C 
TO +12S"C 


±1/4 Bit Adjusted 
ADC0801 LCN 
ADC0801LCD 
ADC0801LD 


±1/2 Bit Unadjusted 
ADC0802LCN 
ADC0802LCD 
ADC0802LD 
ERROR 


±112 
Bit Adjusted 
ADC0803LCN 
ADC0803LCD 


±1 Bit Unadjusted 
ADC0804LCN 
ADC080SLCN 
ADC0804LCD 


PACKAGE 
OUTLINE 
N20A-MOLDED 
DIP 
D20A-CAVITY 
DIP 
D20A-CAVITY 
DIP 


ADC080X 
Dual-In-Line 
Package 


es 
20 
Vet (OR VREf' 


Rii 
19 
elK R 


ViR 
18 
DBa (lSB) 


17 
081 
eLK IN 


i1ifR 
16 
082 


VINt..-) 
15 
083 


VINH 
" 
084 


A GNO 
13 
085 


VREF/2 
12 
086 


10 
17 
o GNO 
DB7 (MSB) 


TOPVIEW 


~National 
~ 
Semiconductor 


ADcoaoa, ADcoa09 a·Bit JLP Compatible AID Converters 
With a·Channel Multiplexer 


The ADCOBOB, ADCOB09 data 
acquisition 
component 
is a 


monolithic 
CMOS 
device 
with 
an B-bit 
analog-to-digital 


converter, 
B-channel 
multiplexer 
and 
microprocessor 


compatible 
control 
logic. The B-bit AID converter 
uses suc- 
cessive 
approximation 
as the conversion 
technique. 
The 


converter 
features 
a high 
impedance 
chopper 
stabilized 


comparator, 
a 256R voltage 
divider 
with analog 
switch 
tree 


and 
a successive 
approximation 
register. 
The B-channel 
multiplexer 
can directly 
access 
any of B-single-ended 
ana- 


log signals. 


The device 
eliminates 
the need for external 
zero and full- 
scale 
adjustments. 
Easy 
interfacing 
to microprocessors 


is provided 
by the 
latched 
and 
decoded 
multiplexer 
ad- 


dress 
inputs 
and latched 
TIL 
TRI-STATE'" 
outputs. 


The design 
of the ADCOBOB, ADCOB09 has been optimized 
by incorporating 
the 
most 
desirable 
aspects 
of several 
AID 
conversion 
techniques. 
The ADCOBOB, ADCOB09 
of- 
fers 
high 
speed, 
high 
accuracy, 
minimal 
temperature 
dependence, 
excellent 
long-term 
accuracy 
and repeatabi- 


lity, and consumes 
minimal 
power. 
These 
features 
make 


this device 
ideally 
suited 
to applications 
from process 
and 
machine 
control 
to 
consumer 
and 
automotive 
applica- 


tions. 
For 
16-channel 
multiplexer 
with 
common 
output 


(sample/hold 
port) see ADCOB16 data sheet. 
(See AN-247 
for more 
information. 


r.~.;m---- 
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II 
8 CHANNElS 
MULTIPLEXING 
ANALOG 
SWITCHES 


3-BIT 
ADDRESS 
{ 


ADDRESS 
lATCH 
ENABLE 


ADDRESS 


lATCH 
AND 


DECODER 
1 1 


• 
Resolution 
- 
B-bits 


• 
Total 
unadjusted 
error 
- 
± 1/2 LSB and ± 1 LSB 


• 
No missing 
codes 


• 
Conversion 
time 
- 
1001's 


• 
Single 
supply 
- 
5 VDC 
• 
Operates 
ratiometrically 
or with 
5 VDC or analog 
span 
adjusted 
voltage 
reference 


• 
B-channel 
multiplexer 
with 
latched 
control 
logic 


• 
Easy 
interface 
to 
all 
microprocessors, 
or 
operates 
"stand 
alone" 


• 
Outputs 
meet T2L voltage 
level specifications 


• 
OV to 
5V analog 
input 
voltage 
range 
with 
single 
5V 
supply 


• 
No zero or full-scale 
adjust 
required 


• 
Standard 
hermetic 
or molded 
2B-pin DIP package 


• 
Temperature 
range 
-40·C 
to 
+B5·C 
or 
-55·C 
to 
+125·C 


• 
Low power 
consumption 
- 
15 mW 


• 
Latched 
TRI-STATE'" 
output 


TAl· 


STATE® 


OUTPUT 
LATCH 
BUFFER 


Absolute Maximum Ratings (Notes 
1 and 2) 
Operating Ratings (Notes 
1 and 2) 


SupplyVoltage(Vcc)(Note3) 
6.SV 
Temperature 
Range(Note 
1) 
TMIN"TAsTMAX 


Voltagest 
Any PIn 
- O.3Vto (VCC+ O.3V) 
ADC0608CJ 
-SS'CsTA"+12S'C 


Except 
Control 
Inputs 
ADC0608CCJ,ADC0608CCN, 


Voltage at Control 
Inputs 
-O.3Vto +1SV 
ADC0809CCN 
-40'C"TA" 
+8S'C 
(START,OE,CLOCK,ALE,ADDA, ADD B, ADDC) 
Rangeof VCC(Note1) 
4,SVDCt06.0VDC 


Storage 
Temperature 
Range 
-6S'Cto 
+150'C 
PackageDissipation aITA = 2S'C 
87SmW 


LeadTemperature(Solderlng, 
10 seconds) 
300'C 


Electrical Characteristics 


Converter 
Specifications: 
Vcc= 
5 VDC= VREF(+), VREF(-)= 
GND, TMIN:sTA:sT MAX and fCLK = 640 kHz 


unless 
otherwise 
stated. 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


ADC0808 


Total 
Unadjusted 
Error 
25'C 
± 1/2 
LSB 


(Note 
5) 
TM1Nto TMAX 
±3/4 
LSB 


ADC0809 


Total 
Unadjusted 
Error 
O'C to 70'C 
±1 
LSB 


(Note 
5) 
TM1Nto TMAX 
±11/4 
LSB 


Input 
Resistance 
From 
Ref( +) to Ref( -) 
1.0 
2.5 
kO 


Analog 
Input 
Voltage 
Range 
(Note 
4) V( +) or V( -) 
GND-0.10 
Vcc+0.10 
VDC 


VREF(+) 
Voltage, 
Top of Ladder 
Measured 
at Ref( +) 
VCC 
Vcc+0.1 
V 


V REF(+)+ V REF(-) 
Voltage, 
Center 
of Ladder 
Vcc/2-0.1 
Vcc/2 
Vcc/2+0.1 
V 
2 


VREF(-) 
Voltage, 
Bottom 
of Ladder 
Measured 
at Ref( -) 
-0.1 
0 
V 


Comparator 
Input 
Current 
f c = 640 kHz, (Note 
6) 
-2 
±0.5 
2 
/lA 


Electrical Characteristics 


Digital 
Levels and DC Specifications: 
ADC0808CJ 
4.5V:s VCC:S5.5V, 
- 55'C:s 
TA:s + 125'C 
unless 
otherwise 
noted 


ADC0808CCJ, 
ADC0808CCN, 
and ADC0809CCN 
4.75:s Vcc:s5.25V, 
- 40'C 
:sTA:s + 85'C 
unless 
otherwise 
noted 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


ANALOG 
MULTIPLEXER 


IOFF(+) 
OFF Channel 
Leakage 
Current 
Vcc=5V, 
V1N=5V, 


TA=25'C 
10 
200 
nA 


TM1Nto TMAX 
1,0 
/lA 


IOFF(_) 
OFF Channel 
Leakage 
Current 
Vcc=5V, 
V1N=0, 


TA=25'C 
-200 
-10 
nA 


TM1Nto TMAX 
-1.0 
/lA 


CONTROL 
INPUTS 


V'N(1) 
Logicai 
"1" 
Input 
Voltage 
Vcc-1.5 
V 


VIN(O) 
Logical 
"0" 
Input 
Voltage 
1.5 
V 


IIN(l) 
Logical 
"1" 
Input 
Current 
V1N=15V 
1.0 
/lA 
(The Control 
Inputs) 


IIN(O) 
Logical 
"0" 
Input 
Current 
V1N=0 
-1.0 
/lA 
(The Control 
Inputs) 


Icc 
Supply 
Current 
fCLK = 640 kHz 
0.3 
3.0 
mA 


« 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 
00 


DATA OUTPUTS 
AND EOC (INTERRUPT) 
0 
CO 


V 
0 
VOUTll) 
Logical 
"1" 
Output 
Voltage 
10= 
-360/'A 
Vcc-O.4 
0 
VOUTIO) 
Logical 
"0" 
Output 
Voltage 
10= 
1.6 mA 
0.45 
V 
C« 


VOUTIO) 
Logical 
"0" 
Output 
Voltage 
EOC 
10= 
1.2 mA 
0.45 
V 


lOUT 
TRI-STATE'" 
Output 
Current 
Vo=5V 
3 
/'A 
Vo=O 
-3 
/'A 


Electrical Characteristics 


Timing 
Specifications; 
Vcc= 
VREF1+)= 
5V, VREF(-)= 
GND, 
t,= 
tf= 
20 ns and TA = 25°C 
unless 
otherwise 
noted. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


tws 
Minimum 
Start 
Pulse Width 
(Figure 
5) 
100 
200 
ns 


tWALE 
Minimum 
ALE Pulse Width 
(Figure 
5) 
100 
200 
ns 


ts 
Minimum 
Address 
Set-Up 
Time 
(Figure 
5) 
25 
50 
ns 


tH 
Minimum 
Address 
Hold Time 
(Figure 
5) 
25 
50 
ns 


to 
Analog 
MUX Delay 
Time 
Rs = on (Figure 
5) 
1 
2.5 
/'s 
From 
ALE 


tH1, tHO 
OE Control 
to Q Logic 
State 
CL = 50 pF, RL = 10k (Figure 
8) 
125 
250 
ns 


t1H, tOH 
OE Control 
to Hi-Z 
CL = 10 pF, RL = 10k (Figure 
8) 
125 
250 
ns 


te 
Conversion 
Time 
le= 640 kHz, (Figure 
5) (Note 
7) 
90 
100 
116 
/'s 


Ie 
Clock 
Frequency 
10 
640 
1280 
kHz 


tEOC 
EOC Delay 
Time 
(Figure 
5) 
a 
8+2/,s 
Clock 


Periods 


C1N 
Input 
Capacitance 
At Control 
Inputs 
10 
15 
pF 


COUT 
TRI-STATE'" 
Output 
At TRI-STATE'" 
Outputs, 
(Note 
12) 
10 
15 
pF 


Capacitance 


Note 1: Absolute 
maximum 
ratings 
are those values 
beyond which 
the life of the device 
may be impaired. 


Note 2: All voltages 
are measured 
with respect 
to GND, unless 
otherwise 
specified. 


Note 3: A zener diode exists, 
internally, 
from VCC to GND and has a typical 
breakdown 
voltage 
of 7 VOC' 


Note 4: Two on-chip 
diodes are tied to each analog input which will forward conduct 
for analog input voltages 
one diode drop below ground orone 
diode drop 
greater 
than the VCC supply. The spec allows 
100 mV forward 
bias of either 
diode. This means that as long as the analog VIN does not exceed 
the supply 
voltage 
by more than 100 mY, the output 
code will be correct. 
To achieve an absolute 
0 VDC t05 VDC Input voltage 
range will therefore 
require a minimum 
sup- 
ply voltage 
of 4.900 VDC over temperature 
variations, 
Initial 
tolerance 
and loading. 


Note 5: Total unadjusted 
error includes 
offset, 
full-scale, 
linearity, 
and multiplexer 
errors. See Figure 3. None of these AIDs requires 
azero orfull·scale 
adjust. 


However, if an all zero code is desired 
for an analog input other than O.OV,or if a narrow full·scale 
span exists (for example: 0.5V t04.5V 
full-scale) 
the reference 
voltages 
can 
be adjusted 
to achieve 
this. See Figure 13. 


Note 6: Comparator 
input current 
is a bias current 
into or out of the chopper 
stabilized 
comparator. 
The bias current 
varies directly 
with clock frequency 
and 
has little 
temperature 
dependence 
(Figure 6). See paragraph 
4.0. 


Note 7: The outputs 
of the data register 
are updated 
one clock cycle before the rising edge of EOC. 


Multiplexer: 
The 
device 
contains 
an 
a-channel 
single- 
ended 
analog 
signal 
multiplexer. 
A particular 
input 
chan- 


nel 
is selected 
by 
using 
the 
address 
decoder. 
Table 
I 
shows 
the input 
states 
for the address 
lines to select 
any 


channel. 
The address 
is latched 
into 
the decoder 
on the 
low-to-high 
transition 
of the address 
latch 
enable 
signal. 


TABLE I 


SELECTED 
ADDRESS 
LINE 


ANALOG 
CHANNEL 
C 
B 
A 


INO 
L 
L 
L 


IN1 
L 
L 
H 


IN2 
L 
H 
L 


IN3 
L 
H 
H 


IN4 
H 
L 
L 


IN5 
H 
L 
H 


IN6 
H 
H 
L 


IN? 
H 
H 
H 


The Converter 


The heart of this single 
chip data acquisition 
system 
is its 
8-bit analog-te-digital 
converter. 
The converter 
is designed 


to give fast, 
accurate, 
and repeatable 
conversions 
over a 
wide 
range 
of temperatures. 
The converter 
is partitioned 
into 3 major 
sections: 
the 256R ladder 
network, 
the suc- 


cessive 
approximation 
register, 
and the comparator. 
The 
converter's 
digital 
outputs 
are positive 
true. 


The 256R ladder 
network 
approach 
(Figure 1) was chosen 
over the conventional 
R/2R ladder 
because 
of its inherent 


monotonicity, 
which 
guarantees 
no missing 
digital 
codes. 


Monotonicity 
is particularly 
important 
in closed 
loop feed- 


back 
control 
systems. 
A non-monotonic 
relationship 
can 


cause 
oscillations 
that 
will 
be 
catastrophic 
for 
the 


system. 
Additionally, 
the 
256R 
network 
does 
not 
cause 


load variations 
on the reference 
voltage. 


The 
bottom 
resistor 
and 
the 
top 
resistor 
of the 
ladder 


network 
in 
Figure 
1 are 
not 
the 
same 
value 
as 
the 


remainder 
of 
the 
network. 
The 
difference 
in 
these 
resistors 
causes 
the 
output 
characteristic 
to 
be sym- 


metrical 
with the zero and full-scale 
points 
of the transfer 


curve. The first 
output 
transition 
occurs 
when the analog 


signal 
has 
reached 
+ 1/2 LSB 
and 
succeeding 
output 


transitions 
occur 
every 
1 LSB later 
up to full-scale. 


The successive 
approximation 
register 
(SAR) performs 
a 


iterations 
to approximate 
the input 
voltage. 
For any SAR 


type 
converter, 
n-iterations 
are required 
for an n-bit 
con· 


verter. 
Figure 2 shows 
a typical 
example 
of a 3·bit 
con· 


verter. 
In 
the 
ADCOaOa, 
ADCOa09, 
the 
approximation 


technique 
is extended 
to a bits 
using 
the 256R network. 


TO 
COMPARATOR 
INPUT 


The 
AID 
converter's 
successive 
approximation 
register 
(SAR) is reset on the positive 
edge of the start 
conversion 
(SC) pulse. 
The conversion 
is begun 
on the falling 
edge of 
the start 
conversion 
pulse. A conversion 
in process 
will be 
interrupted 
by receipt 
of a new 
start 
conversion 
pulse. 
Continuous 
conversion 
may be accomplished 
by tying 
the 
end-of-conversion 
(EOC) output 
to the SC input. 
If used in 
this 
mode. 
an external 
start 
conversion 
pulse 
should 
be 
applied 
after 
power 
up. End-of-conversion 
will 
go low be- 
tween 
0 and 8 clock 
pulses 
after 
the rising 
edge of start 
conversion. 


The most 
important 
section 
of the AID converter 
is the 
comparator. 
It is this 
section 
which 
is responsible 
for the 
ultimate 
accuracy 
of the 
entire 
converter. 
It is also 
the 
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:--FULL'SCALE 
110 
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ERROR = 1/2 LSB 


w 
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08 
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0 
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1/8 
2/8 
J/8 
4/8 
5/8 
6/B 
7/8 


VIN AS FRACTION 
OF FULL·SCALE 


comparator 
drift 
which 
has the greatest 
influence 
on the 
repeatability 
of 
the 
device. 
A chopper-stabilized 
com- 
parator 
provides 
the most 
effective 
method 
of satisfying 
all the converter 
requirements. 


The chopper-stabilized 
comparator 
converts 
the DC input 
signal 
into an AC signal. 
This signal 
is then fed through 
a 
high gain AC amplifier 
and has the DC level restored. 
This 
technique 
limits 
the drift component 
of the amplifier 
since 
the drift 
is a DC component 
which 
is not passed 
by the AC 
amplifier. 
This 
makes 
the entire 
AID converter 
extremely 
insensitive 
to temperature, 
long term drift 
and input offset 
errors. 


Figure 
4 shows 
a typical 
error 
curve 
for the ADC0808 
as 
measured 
using 
the procedures 
outlined 
in AN-179. 
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FIGURE 
6. 
Comparator 
IIN vs V1N 
(VCC=VREF=5V) 
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Applications Information 


OPERATION 


1.0 Rellometrlc 
Conversion 


The ADC0808, 
ADC0809 
is designed 
as a complete 
Data 
Acquisition 
System 
(DAS) 
for 
ratiometric 
conversion 
systems. 
In ratiometric 
systems, 
the 
physical 
variable 
being measured 
is expressed 
as a percentage 
of full-scale 


which 
is not necessarily 
related 
to an absolute 
standard. 
The voltage 
input 
to the ADC0808 
is expressed 
by the 
equation 


VIN = Input voltage 
into the ADC0808 


Vfs= Full-scale 
voltage 


Vz = Zero voltage 


Dx= Data point 
being measured 


DMAX= 
Maximum 
data limit 


DM1N = Minimum 
data limit 


A good 
example 
of a ratiometric 
transducer 
is a poten- 


tiometer 
used as a position 
sensor. 
The position 
of the 


wiper 
is directly 
proportional 
to the output 
voltage 
which 


is a ratio of the full-scale 
voltage 
across 
it. Since the data 


is represented 
as a proportion 
of 
full-scale, 
reference 


requirements 
are 
greatly 
reduced, 
eliminating 
a large 
source 
of error and cost 
for many applications. 
A major 
advantage 
of the A DC0808, ADC0809 
is that 
the 
input 


voltage 
range 
is 
equal 
to 
the 
supply 
range 
so 
the 


transducers 
can be connected 
directly 
across 
the supply 
and their outputs 
connected 
directly 
into the multiplexer 
inputs, 
(Figure 
9). 


Ratiometric 
transducers 
such as potentiometers, 
strain 


gauges, 
thermistor 
bridges, 
pressure 
transducers, 
etc., 


are suitable 
for 
measuring 
proportional 
relationships; 


however, 
many types of measurements 
must be referred 


to an absolute 
standard 
such as voltage 
or current. 
This 


means 
a system 
reference 
must 
be used which 
relates 


the full-scale 
voltage 
to the standard 
volt. For example, 
if 


Vcc= 
VREF= 5.12V, then the full-scale 
range is divided 
in- 


to 256 standard 
steps. 
The smallest 
standard 
step 
is 1 


LSB which 
is then 20 mY. 


The voltages 
from the resistor 
ladder are compared 
to the 


selected 
input 8 times 
in a conversion. 
These voltages 
are 


coupled 
to the comparator 
via an analog switch 
tree which 


is referenced 
to the supply. The voltages 
at the top, center 


and bottom 
of the ladder must be controlled 
to maintain 


proper operation. 


The top of the ladder, Ref( +), should 
not be more positive 


than 
the supply, 
and the bottom 
of the ladder, 
Ref( - ), 


should 
not be more negative 
than ground. 
The center 
of 


the ladder 
voltage 
must 
also 
be near the center 
of the 


supply 
because 
the 
analog 
switch 
tree 
changes 
from 


N-channel 
switches 
to P-channel 
switches. 
These limita- 


tions 
are automatically 
satisfied 
in ratiometric 
systems 


and can be easily 
met in ground 
referenced 
systems. 


Figure 
10 shows 
a ground 
referenced 
system 
with 
a 


separate 
supply 
and reference. 
In this system, 
the supply 


must be trimmed 
to match 
the reference 
voltage. 
For in- 


stance, if a 5.12V is used, the supply should 
be adjusted 
to 


the same voltage 
within 
0.1V. 
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The ADC0808needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient 
drive to 
supply the milliamp of supply current and the desired bus 
drive, or If a capacitive bus is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated 
to insure 
stability when loaded by the 10 "F output capacitor. 


The top and bottom ladder voltages cannot exceed Vcc 
and ground, respectively, but they can be symmetrically 
less than Vcc and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(i.e., size of the LSB steps decreased) by using a sym- 
metrical reference system. In Figure 13,a 2.5V reference 
is symmetrically 
centered about Vcd2 since the same 
current flows in identical 
resistors. This system with a 
2.5V reference allows the LSB bit to be half the size of a 
5V reference system. 


VCC 


MSB 


REF(+) 


VIN { 


In7 
°OUT 
··· 
InO 


REFH 
LSB 


GNO 


AOCOBOB 


DIGITAL 
OUTPUT 
REFERENCED 
TO 
GROUND 


VIN 
OOUT= 
VREF 


4.75V 
sVcc 
= VREFs5.25V 
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FIGURE 11. Ground Referenced Conversion System with 
Reference Generating Vcc Supply 
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MSB 


3.0 
Converter 
Equations 


The 
transition 
between 
adjacent 
codes 
Nand 
N + 1 is 
given 
by: 


VIN ={ (VREF(+)- 
VREF(-){~~6 + 5~2J± 
VTUE}+ VREF(_) (2) 


The center 
of an output 
code 
N is given 
by: 


VIN ={ (VREF(+)- 
VREF(-)) 
~~J 
± VTUE} + VREF(-) 
(3) 


The output 
code 
N for an arbitrary 
input 
are the integers 
within 
the range: 


N= 
VIN-VREF(-) 
x256±AbsoluteAccuracy 
(4) 


VREF(+) - 
VREF(-) 


where: 
VIN = Voltage 
at comparator 
input 


V REF(+) = Voltage 
at Ref( +) 


V REF(_) = Voltage 
at Ref( - ) 


VTUE= Total 
unadjusted 
error 
voltage 
(typically 


VREF(+) + 512) 


4.0 
Analog 
Comparator 
Inputs 


The dynamic 
comparator 
input 
current 
is caused 
by the 


periodic 
switching 
of on-chip 
stray 
capacitances. 
These 


are connected 
alternately 
to 
the 
output 
of the 
resistor 


ladder/switch 
tree network 
and to the comparator 
input 
as 


part of the operation 
of the chopper 
stabilized 
comparator. 


The average 
value 
of the comparator 
input 
current 
varies 


directly 
with 
clock 
frequency 
and 
with 
VIN as shown 
in 


Figure 
6. 


If no filter 
capacitors 
are used at the analog 
inputs 
and the 


signal 
source 
impedances 
are low, the comparator 
input 


current 
should 
not introduce 
converter 
errors, 
as the tran- 


sient 
created 
by the 
capacitance 
discharge 
will 
die out 


before 
the comparator 
output 
is strobed. 


If input 
filter 
capacitors 
are desired 
for 
noise 
reduction 


and signal 
conditioning 
they 
will 
tend 
to average 
out the 


dynamic 
comparator 
input 
current. 
It will then take on the 


characteristics 
of a DC bias current 
whose 
effect 
can be 


predicted 
conventionally. 
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cO 
0 
500 kHz 
CLK 
CO0 
ADDRESS 
5.000V 
VREF(+) 
0 
DECODE 
O.OOOV 
(AD4-AD15)* 
VREF(-) 
C< 
START 


WRITE 
ALE 


ADO 
A 


8 
ADCOSOS 
AD! 
ADCOS09 


ADZ 


VCC 


GND 
VINS} 


0-5V 
ANALOG 
INPUT RANGE 


VIN 1 


PROCESSOR 
READ 
WRITE 
INTERRUPT 
(COMMENT) 


8080 
MEMR 
MEMW 
INTR (Thru RST Circuit) 


8085 
RD 
WR 
INTR (Thru RST Circuit) 


Z-80 
RD 
WR 
INT (Thru RST Circuit, 
Mode 0) 


SC/MP 
NRDS 
NWDS 
SA (Thru Sense A) 


6800 
VMA-~2'R/W 
VMA'~2'RIW 
IROA or IROB (Thru PIA) 


TEMPERATURE 
RANGE 
-40"C to +8S"C 
- SS"C to +12S"C 


Error 
I 
± 1/2 Bit Unadjusted 
ADC0808CCN 
ADC0808CCJ 
ADC0808CJ 
I 
± 1 Bit Unadjusted 
ADC0809CCN 


Package 
Outline 
N28A 
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DIP 
J28A 
Hermetic 
DIP 
J28A 
Hermetic 
DIP 


~National 
~ 
Semiconductor 


ADC0816, ADC0817 8-Bit J-tP Compatible AID Converters 
with 16-Channel Multiplexer 


General Description 


The ADC0816, ADC0817 data acquisition 
component 
is a 


monolithic 
CMOS 
device 
with 
an 8-bit 
analog-to-digital 


converter, 
16-channel 
multiplexer 
and 
microprocessor 


compatible 
control 
logic. The 8-bit AID converter 
uses suc- 
cessive 
approximation 
as the conversion 
technique. 
The 


converter 
features 
a high impedance 
chopper 
stabilized 


comparator, 
a 256R voltage divider with analog switch 
tree 


and a successive 
approximation 
register. The 16-channel 


multiplexer 
can 
directly 
access 
anyone 
of 
16-single- 


ended 
analog 
signals, 
and provides 
the 
logic 
for addi- 


tional 
channel 
expansion. 
Signal 
conditioning 
of 
any 


analog 
input 
signal 
is eased 
by direct 
access 
to the 


multiplexer 
output, 
and 
to 
the 
input 
of 
the 
8-bit 
AID 
• 


converter. 
• 


8-bit 
AID 
converter, 
see the 
ADC0808, 
ADC0809 
data 


sheet. 
(See AN-258 
for more information.) 
Features 


The device eliminates 
the need for external 
zero and full- 
scale adjustments. 
Easy interfacing 
to microprocessors 


is provided 
by the latched 
and decoded 
multiplexer 
ad- 


dress inputs and latched 
TIL TRI-STATE~ outputs. 


The design of the ADC0816, ADC0817 has been optimized 
by incorporating 
the most 
desirable 
aspects 
of several 


AiD conversion 
techniques. 
The ADC0816, 
ADC0817 
of- 


fers 
high 
speed, 
high 
accuracy, 
minimal 
temperature 


dependence, 
excellent 
long-term accuracy 
and repeatabil- 


ity, and consumes 
minimal 
power. These features 
make 


this device ideally suited to applications 
from process and 
machine 
control 
to consumer 
and automotive 
applica- 


tions. 
For similar 
performance 
in an 8-channel, 
28-pin, 


• 
Resolution 
- 
8-bits 


• 
Total unadjusted 
error - 
± 1/2 LSB and ± 1 LSB 


• 
No missing 
codes 


• 
Conversion 
time - 
100 P.s 


• 
Single supply 
- 
5 VDC 


• 
Operates 
ratiometrically 
or with 5 VDC or analog 
span 


adjusted 
voltage 
reference 


16-channel 
multiplexer 
with latched 
control 
logic 


Easy 
interface 
to 
all 
microprocessors, 
or 
operates 


"stand 
alone" 


• 
Outputs 
meet T2L voltage 
level specifications 


• 
OV to 5V analog 
input 
voltage 
range 
with 
single 
5V 


supply 


• 
No zero or full-scale 
adjust 
required 


• 
Standard 
hermetic 
or molded 40-pin DIP package 


• 
Temperature 
range 
-40·C 
to 
+85·C 
or 
-55·C 
to 


+125·C 


• 
Low power consumption 
- 
15 mW 


• 
Latched 
TRI-STATE~ output 


• 
Direct access to "comparator 
in" and "multiplexer 
out" 


for signal 
conditioning 


TRI-STAT~ 
is a registered 
trademark 
of National 
Semiconductor 
Corp. 
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Absolute 
Maximum 
Ratings 
(Notes 
1 and 2) 
Operating 
Ratings 
(Notes 
1 and 2) 


SupplyVollaget VCC)(Note3) 
6.5V 
Temperature 
Range(Note 
1) 
TMINSTA:5TMAX 
Voltage at Any Pin 
-O.3V10(VCC+ O.3V) 
ADC0816CJ 
-55°C:sTA:s+125°C 


Except Control Inputs 
ADC0816CCJ,ADC0816CCN, 
-40·C:sTA:S 
+8SoC 


Voltage at Control 
Inputs 
-O.3V1015V 
ADC0817CCN 


(START,OE,CLOCK,ALE, EXPANSIONCONTROL, 
Rangeof Vcc(Nole I) 
4.5VDCt06.0VDC 


ADDA, ADD B,ADDC, ADD D) 
Voltage at Any Pin 
OVtoVCC 


Storage Temperature 
Range 
-65·Clo 
+150·C 
Except Control 
Inputs 


Package Dissipation 
at TA = 25°C 
875mW 
Voltage at Control 
Inputs 
OVto15V 


Lead Temperature(Soldering, 
10 seconds) 
30rC 
(START,OE,CLOCK,ALE, EXPANSIONCONTROL, 
ADDA, ADD B,ADDC, ADD D) 


Electrical 
Characteristics 


Converter 
Specifications: 
Vcc= 
5 VDC= VREF(+~ VREP(-)= 
GND, V,N = VCOMPARATORIN, TMIN:sTA:sT MAXand 
fCLK = 640 kHz unless 
otherwise 
stated. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


ADCOB16 
Total Unadjusted 
Error 
25·C 
± 112 
LSB 
(Note 5) 
TMINto TMAX 
± 3/4 
LSB 


ADCOB17 


Total Unadjusted 
Error 
O·C to 70·C 
± 1 
LSB 
(Note 5) 
TM1Nto TMAX 
± 1114 
LSB 


Input Resistance 
From Ref( +) to Ref( -) 
1.0 
4.5 
kfl 


Analog 
Input Voltage 
Range 
(Note 4) V( +) or V( -) 
GND-0.10 
Vcc+0.10 
VDc 


VREF(+) 
Voltage, 
Top of Ladder 
Measured 
at Rel( +) 
Vcc 
Vcc+0.1 
V 


VREF(+1+VREFI-) 
Voltage, 
Center of Ladder 
Vcc/2-0.1 
Vcc/2 
Vcc/2+0.1 
V 


2 


VREF1_) 
Voltage, 
Bottom 
of Ladder 
Measured 
at Rel( -) 
-0.1 
0 
V 


Comparator 
Input Current 
Ie = 640 kHz, (Note 6) 
-2 
±0.5 
2 
~A 


Electrical 
Characteristics 


Digital 
Levels 
and DC Specifications: 
ADCOB16CJ 
4.5V:s Vcc:S 5.5V, - 55·C:s 
TA:s + 125·C unless 
otherwise 
noted. 


ADCOB16CCJ, 
ADCOB16CCN, 
ADC0817CCN 
4.75V :sVcc:s5.25V, 
- 40"C :sTA:s + 85"C 
unless 
otherwise 
noted. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


ANALOG 
MULTIPLEXER 


RON 
Analog 
Multiplexer 
ON 
(Any Selected 
Channel) 


Resistance 
TA= 25"C, RL = 10k 
1.5 
3 
kfl 


TA= 85"C 
6 
k!J 


TA= 125"C 
9 
k!J 


aRON 
a ON Resistance 
Between Any 
(Any Selected 
Channel) 
75 
!J 


2 Channels 
RL = 10k 


'OFFI+I 
OFF Channel 
Leakage Current 
Vcc=5V, 
V,N=5V, 


TA=25"C 
10 
200 
nA 
TM1Nto TMAX 
1.0 
~A 


10FFI_) 
OFF Channel 
Leakage Current 
Vcc = 5V, V,N = 0, 
TA=25"C 
- 200 
nA 


TM1Nto TMAX 
-1.0 
~A 


CONTROL 
INPUTS 


V,Nlll 
Logical 
"1" 
Input Voltage 
Vcc-1.5 
V 


V,NIO) 
Logical 
"0" Input Voltage 
1.5 
V 


IIN(I) 
Logical 
"1" Input Current 
V,N=15V 
1.0 
~A 


(The Control 
Inputs) 


I,NIO) 
Logical 
"0" Input Current 
V,N=O 
-1.0 
~A 
(The Control 
Inputs) 


Icc 
Supply Current 
f CLK= 640 kHz 
0.3 
3.0 
mA 


Digital 
Levels 
and 
DC Specifications: 
ADC0816CJ 
- 
4.5V" 
Vcc" 
5.5V, 
-55°C" 
TA" 
+125°C 
unless 
otherwise 
noted. 


ADC0816CCJ, 
ADC0816CCN, 
ADC0817CCN 
- 
4.75V" 
Vcc" 
5.25V, 
-40°C" 
+85°C 
unless 
otherwise 
noted. 


10= -360;<A, 
TA = 85°C 


10= -300;<A, 
TA = 125°C 


10=1.6mA 


10=1.2mA 


Vo=Vcc 
Vo=O 


V 


0.45 
V 


0.45 
V 


3.0 
;<A 


;<A 


VOUTIO) 


VOUT(O) 


lOUT 


Logical 
"0" 
Output 
Voltage 


Logical 
"0" 
Output 
Voltage 
EOC 


TRI-STATE'" 
Output 
Current 


»c 
(')o 
CO-. 
sn»c 
(')o 
CO-. 
•••••• 


Timing 
Specifications: 
Vcc = VREF1+) = 5V, VREFI~) = GND, t,= 
tf = 20 ns and TA= 25°C unless 
otherwise 
noted. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


tws 
Minimum 
Start 
Pulse Width 
(Figure 
5) 
100 
200 
ns 


tWALE 
Minimum 
ALE Pulse Width 
(Figure 
5) 
100 
200 
ns 


ts 
Minimum 
Address 
Set-Up Time 
(Figure 
5) 
25 
50 
ns 


tH 
Minimum 
Address 
Hold Time 
(Figure 
5) 
25 
50 
ns 


tD 
Analog 
MUX Delay Time 
Rs = on (Figure 
5) 
1 
2.5 
I'S 


From 
ALE 


tH1, tHO 
OE Control 
to Q Logic 
State 
CL = 50 pF, RL = 10k (Figure 
8) 
125 
250 
ns 


t1H, tOH 
OE Control 
to Hi·Z 
CL= 
10 pF, RL= 10k (Figure 
8) 
125 
250 
ns 


te 
Conversion 
Time 
Ie = 640 kHz, (Figure 
5) (Note 
7) 
90 
100 
116 
I'S 


Ie 
Clock 
Frequency 
10 
640 
1280 
kHz 


tEOC 
EOC Delay Time 
(Figure 
5) 
a 
8+2 
!'s 
Clock 
Periods 


C1N 
Input 
Capacitance 
At Control 
Inputs 
10 
15 
pF 


COUT 
TRI-STATE'" 
Output 
At TRI-STATE 
Outputs. 
(Note 
7) 
10 
15 
pF CII 
Capacitance 


NOt81: Absolute 
maximum ratings are those values beyond which the life of the device may be impaired. 


Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 


Note 3: A zener diode exists, internally, 
from VCC to GND and has a typical breakdown voltage of 7 VOC' 


Note 4: Two on-chip diodes are tied to each analog input which will forward 
conduct 
for analog input voltages 
one diode drop below ground or one diode drop 
greater than the VCC supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply 
voltage by more than 100 mY, the output code will be correct. Toachieve an absoluteO VOC t05 VOC input voltage range will therefore require a minimum sup- 
ply vqltage of 4.900 VOC over temperature 
variations, 
initial tolerance and loading. 


Note 5: Total unadjusted error includes offset, full-scale, and linearity errors. See Figure 3. None of these AIDs requires a zero or full-scale adjust. However, if 
an all zero code is desired for an analog input other than O.OV,or if a narrow full·scale span exists (for example: O.SVto 4.5V full-scale) the reference voltages 
can be adjusted to achieve this. See Figure 13. 


Note 6: Comparator 
input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 


Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EGC. 


Multiplexer: 
The 
device 
contains 
a 16-channel 
single- 


ended 
analog 
signal 
multiplexer. 
A particular 
input 
chan- 
nel 
is selected 
by 
using 
the 
address 
decoder. 
Table 
I 
shows 
the input 
states 
for the address 
line and the expan- 
sion 
control 
line 
to 
select 
any 
channel. 
The address 
is 
latched 
into 
the decoder 
on the 
low-ta-high 
transition 
of 
the address 
latch 
enable 
signal. 


SELECTED 
ADDRESS LINE 
EXPANSION 
ANALOG CHANNEL 
D 
C 
B 
A 
CONTROL 


INO 
L 
L 
L 
L 
H 


IN1 
L 
L 
L 
H 
H 


IN2 
L 
L 
H 
L 
H 


IN3 
L 
L 
H 
H 
H 


IN4 
L 
H 
L 
L 
H 


IN5 
L 
H 
L 
H 
H 


IN6 
L 
H 
H 
L 
H 


IN? 
L 
H 
H 
H 
H 


INS 
H 
L 
L 
L 
H 


IN9 
H 
L 
L 
H 
H 


IN10 
H 
L 
H 
L 
H 


IN11 
H 
L 
H 
H 
H 


IN12 
H 
H 
L 
L 
H 


IN13 
H 
H 
L 
H 
H 


IN14 
H 
H 
H 
L 
H 


IN15 
H 
H 
H 
H 
H 


All Channels 
OFF 
X 
X 
X 
X 
L 


Additional 
single-ended 
analog 
signals 
can 
be 
multi- 


plexed 
to the AID converter 
by disabling 
all the multiplexer 
inputs 
using 
the expansion 
control. 
The additional 
exter- 
nal signals 
are connected 
to the comparator 
input 
and the 
device 
ground. 
Additional 
signal 
conditioning 
(i.e., 
prescaling, 
sample 
and 
hold, 
instrumentation 
amplifica- 
tion, 
etc.) 
may 
also 
be added 
between 
the analog 
input 
signal 
and the comparator 
input. 


The heart of this single 
chip data acquisition 
system 
is its 
B-bit analog-ta-digital 
converter. 
The converter 
is designed 
to give fast, 
accurate, 
and repeatable 
conversions 
over a 
wide 
range 
of temperatures. 
The converter 
is partitioned 
into 3 major 
sections: 
the 256R ladder 
network, 
the suc- 


cessive 
approximation 
register, 
and the comparator. 
The 
converter's 
digital 
outputs 
are positive 
true. 


The 256R ladder 
network 
approach 
(Figure 
1) was chosen 
over the conventional 
R/2R ladder 
because 
of its inherent 
monotonicity, 
which 
guarantees 
no missing 
digital 
codes. 


Monotonicity 
is particularly 
important 
in closed 
loop feed- 
back 
control 
systems. 
A non-monotonic 
relationship 
can 
cause 
oscillations 
that 
will 
be 
catastrophic 
for 
the 
system. 
Additionally, 
the 
256R 
network 
does 
not 
cause 
load variations 
on the reference 
voltage. 


The 
bottom 
resistor 
and 
the 
top 
resistor 
of the 
ladder 
network 
in 
Figure 
1 are 
not 
the 
same 
value 
as 
the 
remainder 
of 
the 
network. 
The 
difference 
in 
these 
resistors 
causes 
the 
output 
characteristic 
to 
be sym- 


metrical 
with 
the zero and full-scale 
points 
of the transfer 
curve. The first 
output 
transition 
occurs 
when 
the analog 
signal 
has 
reached 
+ 1/2 LSB 
and 
succeeding 
output 
transitions 
occur 
every 
1 LSB later 
up to full-scale. 


The successive 
approximation 
register 
(SAR) performs 
8 
iterations 
to approximate 
the input voltage. 
For any SAR 
type 
converter, 
n-iterations 
are 
required 
for 
an 
n-bit 
converter. 
Figure 
2 shows 
a typical 
example 
of a 3-bit 
converter. 
In the ADC0816, 
ADC0817, 
the approximation 
technique 
is extended 
to 8 bits using 
the 256R network. 


The AID converter's 
successive 
approximation 
register 


(SAR) is reset on the positive 
edge of the start conversion 


(SC) pulse. The conversion 
is begun on the falling 
edge of 
the start conversion 
pulse. A conversion 
in process will be 
interrupted 
by receipt 
of a new start 
conversion 
pulse. 


Continuous 
conversion 
may be accomplished 
by tying the 
end-of-conversion 
(EOC) output 
to the SC input. If used in 
this 
mode, an external 
start 
conversion 
pulse should 
be 
applied 
after 
power up. End-of-conversion 
will go low be· 
tween 0 and 8 clock 
pulses 
after the rising 
edge of start 
conversion. 


i-FULL.SCALE 


-~ 
ERROR = 1/2 LSB 


~ 
101 
o 
~ 
100 
~ 
~ 
011 
oe 010 
« 


1/8 
2/8 
3/8 
4/B 
5/8 
6/8 
1/8 


VIN AS FRACTION 
OF FULL·SCALE 


The most 
important 
section 
of the AID converter 
is the 
comparator. 
It is this section 
which 
is responsible 
for the 
ultimate 
accuracy 
of the entire 
converter. 
It is also 
the 
comparator 
drift which 
has the greatest 
influence 
on the 
repeatability 
of the 
device. 
A chopper-stabilized 
com- 


parator 
provides 
the most effective 
method 
of satisfying 
all the converter 
requirements. 


The chopper-stabilized 
comparator 
converts 
the DC input 


signal 
into an AC signal. This signal 
is then fed through 
a 
high gain AC amplifier 
and has the DC level restored. 
This 
technique 
limits the drift component 
of the amplifier 
since 
the drift is a DC component 
which is not passed by the AC 
amplifier. 
This makes the entire 
AID converter 
extremely 


insensitive 
to temperature, 
long term drift and input offset 
errors. 


Figure 
4 shows 
a typical 
error curve for the ADC0816 as 
measured 
using the procedures 
outlined 
in AN·179. 
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Applications Information 


OPERATION 


1.0 Ratlometrlc 
Conversion 


The ADC0816, 
ADC0817 
is designed 
as a complete 
Data 
Acquisition 
System 
(DAS) 
for 
ratiometric 
conversion 
systems. 
In ratlometric 
systems, 
the 
physical 
variable 
being measured 
is expressed 
as a percentage 
of full-scale 
which 
is not necessarily 
related 
to an absolute 
standard. 
The voltage 
input 
to the 
ADC0816 
Is expressed 
by the 
equation 


V1N = Input voltage 
into the ADC0816 


V's= 
Full-scale 
voltage 


Vz = Zero voltage 


Dx = Data point 
being 
measured 


DMAX = Maximum 
data 
limit 


DM1N = Minimum 
data limit 


A good 
example 
of a ratiometric 
transducer 
is a poten- 
tiometer 
used as a position 
sensor. 
The position 
of the 
wiper 
is directly 
proportional 
to the output 
voltage 
which 
is a ratio of the full-scale 
voltage 
across 
it. Since the data 
is represented 
as a proportion 
of 
full-scale, 
reference 
requirements 
are 
greatly 
reduced, 
eliminating 
a large 
source 
of error and cost 
for many applications. 
A major 
advantage 
of the 
ADC0816, 
ADC0817 
is that 
the 
input 
voltage 
range 
is 
equal 
to 
the 
supply 
range 
so 
the 
transducers 
can be connected 
directly 
across 
the supply 
and their outputs 
connected 
directly 
into the multiplexer 
inputs, 
(Figure 
9). 


Ratiometric 
transducers 
such 
as potentiometers, 
strain 
gauges, 
thermistor 
bridges, 
pressure 
transducers, 
etc., 
are suitable 
for 
measuring 
proportional 
relationships; 
however, 
many types of measurements 
must be referred 
to an absolute 
standard 
such as voltage 
or current. 
This 
means 
a system 
reference 
must 
be used which 
relates 
the full-scale 
voltage 
to the standard 
volt. For example, 
if 
Vcc = V REF = 5.12V, then the full-scale 
range is divided 
in- 
to 256 standard 
steps. 
The smallest 
standard 
step 
is 1 
LSB which 
is then 20 mY. 


The voltages 
from the resistor 
ladder are compared 
to the 
selected 
input 8 times 
in a conversion. 
These voltages 
are 
coupled 
to the comparator 
via an analog switch 
tree which 
is referenced 
to the supply. The voltages 
at the top, center 
and bottom 
of the ladder 
must 
be controlled 
to maintain 
proper operation. 


The top of the ladder, Ref( +), should 
not be more positive 
than 
the 
supply, 
and the 
bottom 
of the 
ladder, 
Ref( -), 


should 
not be more negative 
than ground. 
The center 
of 
the 
ladder 
voltage 
must 
also 
be near the center 
of the 
supply 
because 
the 
analog 
switch 
tree 
changes 
from 
N-channel 
switches 
to P-channel 
switches. 
These limita- 
tions 
are automatically 
satisfied 
in ratiometric 
systems 
a:1d can be easily 
met in ground 
referenced 
systems. 


Figure 
10 shows 
a ground 
referenced 
system 
with 
a 
separate 
supply 
and reference. 
In this system, 
the supply 
must 
be trimmed 
to match 
the reference 
voltage. 
For in- 


stance, 
if a 5.12V reference 
is used, the supply 
should 
be 
adjusted 
to the same voltage 
within 
0.1V. 


vee 


REFl+) 


DIGITAL 
OUTPUT 
PROPORTIONAL 
TO ANALOG 
INPUT 


InO 


REFl-) 


GNO 


VIN 
VIN 
QOUT = 
VREF = vcc 


4.75V,;VCC=VREF,;5.25V 


.,..Ratiometric 
transducers 


The ADC0816 needs less than a milliamp 
of supply current 
so developing 
the 
supply 
from 
the 
reference 
is readily 
accomplished. 
In Figure 
11a ground referenced 
system 
is 
shown which generates 
the supply from the reference. 
The 
buffer 
shown 
can 
be an op amp 
of sufficient 
drive 
to 
supply the milliamp 
of supply current 
and the desired 
bus 
drive, or if a capacitive 
bus is driven by the outputs 
a large 
capacitor 
will supply 
the transient 
supply 
current 
as seen 
in Figure 
12. The LM301 
is overcompensated 
to insure 
stability 
when loaded 
by the 10 I'F output 
capacitor. 


The top and bottom 
ladder 
voltages 
cannot 
exceed 
Vcc 


and ground, 
respectively, 
but they can be symmetrically 


less than Vcc and greater 
than ground. 
The center 
of the 


ladder 
voltage 
should 
always 
be near the center 
of the 
supply. The sensitivity 
of the converter 
can be increased, 


(i.e., size of the 
LSB steps 
decreased) 
by using 
a sym· 
metrical 
reference 
system. 
In Figure 
13, a 2.5V reference 
is symmetrically 
centered 
about 
Vcc!2 
since 
the same 
current 
flows 
in identical 
resistors. 
This 
system 
with 
a 
2.5V reference 
allows 
the LSB to·be 
half the size of the 
LSB in a 5V reference 
system. 
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FIGURE 
13. Symmetrically 
Centered 
Reference 


3.0 
Converter 
Equations 


The 
transition 
between 
adjacent 
codes 
Nand 
N + 1 is 


given 
by: 


VIN ={ (VREF(+)- 
VREF(-){2~6 
+ 5h]± 
VTUEJ+ VREF(-) (2) 


The center 
of an output 
code 
N is given 
by: 


VIN =1 (VREF1+)- 
VREF1-)) [2~6J ± VTUEI + VREFI-I 
(3) 


DIGITALOUTPUT 
PROPORTIONAL 
TO 


ANALOGINPUT 
1.25VS VINS J.l5V 


The output 
code 
N for an arbitrary 
input 
are the integers 


within 
the range: 


VIN-VREFI_) 
N = -------- 
x 256 ± Absolute 
Accuracy 
(4) 


VREFI+I- 
VREF1-) 


where: 
VIN = Voltage 
at comparator 
input 


V REFI+) = Voltage 
at Ref( +) 


V REFI-I = Voltage 
at Ref( -) 


VTUE= Total 
unadjusted 
error 
voltage 
(typically 


VREFI+I""" 512) 


4.0 Analog 
Comparator 
Inputs 


The dynamic 
comparator 
input 
current 
is caused 
by the 


periodic 
sWitching 
of on-chip 
stray 
capacitances. 
These 


are connected 
alternately 
to the output 
of the resistor 
lad- 


der/switch 
tree network 
and to the comparator 
input 
as 


part of the operation 
of the chopper 
stabilized 
comparator. 


The average value of the comparator 
input current 
varies 


directly 
with 
clock 
frequency 
and with 
VIN as shown 
in 


Figure 
6. 


If no filter capacitors 
are used at the analog or comparator 


inputs 
and 
the 
signal 
source 
impedances 
are low, 
the 


comparator 
input 
current 
should 
not introduce 
converter 


errors, 
as 
the 
transient 
created 
by 
the 
capacitance 


discharge 
will 
die out 
before 
the 
comparator 
output 
is 


strobed. 


If input 
filter 
capacitors 
are desired 
for noise 
reduction 
and signal 
conditioning 
they will tend to average 
out the 
dynamic 
comparator 
input 
current. 
It will 
then 
take on 
the 
characteristics 
of a DC bias 
current 
whose 
effect 
can be predicted 
conventionally. 
See AN -258 for further 
discussion. 


IN15 
',,"} 
• 
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WR 
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VMA-"'2'R!W 
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-- 


6800 
VMA'",2'R!W 
IROA or IROB (Thru PIA) 


TEMPERATURE 
RANGE 
-40"C 
to +8S"C 
-SS"C 
to +12S"C 


Error 
\ 
:t 112 Bit Unadiusted 
ADC0816CCN 
ADC0816CCJ 
ADC0816CJ 


± 1 Bit Unadjusted 
ADC0817CCN 
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ADC0833 8-Bit Serial 110AID Converter 
with 4-Channel Multiplexer 


The ADC0833 series is an 8-bit successive 
approximation 


AID 
converter 
with 
a serial 
I/O and configurable 
input 


multiplexer 
with 4 channels. 
The serial 
I/O is configured 


to 
comply 
with 
the 
NSC 
MICROWIRE™ 
serial 
data 


exchange 
standard 
for easy interface 
to the COPS ™ fam- 


ily of processors, 
and can interface 
with 
standard 
shift 


registers 
or "Ps. 


The 
4-channel 
multiplexer 
is 
software 
configured 
for 


single 
ended or differential 
inputs 
and channel 
assigned 


by a 4·bit serial word at the serial 
I/O. 


The differential 
analog voltage input allows increasing 
the 


common-mode 
rejection 
and offsetting 
the analog zero in- 


put voltage 
value. In addition, 
the voltage 
reference 
input 


can be adjusted 
to allow 
encoding 
any smaller 
analog 


voltage 
span to the full 8-bits of resolution. 


• 
NSC 
MICROWIRE 
compatible-direct 
interface 
to 


COPS family 
processors 


• 
Easy interface 
to 8048, 8049 or 8050 


J:OSlTION' 


5VOC 
~ 
?POSITIONZ 
-::" 


~ 
5Voc 


• 
Works with 2.5V (LM336) voltage 
reference 


• 
No full-scale 
or zero adjust 
required 


• 
Differential 
analog voltage 
inputs 


• 
4-channel 
analog 
multiplexer 


• 
Shunt 
regulator 
allows 
operation 
with 
high 
voltage 


supplies 


• 
OV to 5V input range with single 5V power supply 


• 
Remote operation 
with serial digital 
data link 


• 
T2L1MOS input/output 
compatible 


• 
0.3" standard 
width 
14-pin DIP package 


• 
Resolution 


• 
Total Unadjusted 
Error 


• 
SingleSupply 


• 
LowPower 


• 
Conversion 
Time 


8-Bits 


± 1/2 LSBand 
± 1 LSB 


5VDC 
15mW 


80"s 


ADCOBJJ 
SERIAL 
A/O 


Current 
into V + (Note S) 


Supply 
Voltage, 
Vec(NoteS) 


Voltage 
logic 
Inputs 
- 0.3V to + 18V 


Analog 
Inputs 
- 0.3V toVee+ 
0.3V 


Storage 
Temperature 
- 6S·C to + lS0·C 


Package 
Dissipation 
at TA = 2S·C (Board 
Mount) 
0.8W 


lead 
Temperature(Soldering, 
10 seconds) 
300·C 


10mA 


6.SV 


Supply 
Voltage, 
Vee 


Temperature 
Range 
ADC0833BD, 
ADC0833CD 
ADC0833BCD, 
ADC0833CCD 
ADC0833BCN, 
ADC0833CCN 


4.S Voe t06.3 
Voe 


TMIN:sTA:sTMAX 


- SS·C:sTA:s 
12S·C 


-40·C:sTA:s8S·C 


0·C:sTA:s70·C 


Converter and Multiplexer Electrical Characteristics 


The following 
specifications 
apply 
for Vee = V + = SV, TMIN:sTA:sTMAX 
and feLK = 100 kHz unless 
otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Total 
Unadjusted 
Error: 


ADC0833B 
VREF/2 Forced 
to 2.S00 Voe 
± 1/2 
lSB 


ADC0833C 
VREF/2 Forced 
to 2.S00 Voc 
±1 
lSB 


Reference 
Input 
Resistance 
9 
kn 


(Thevinin 
Equivalent) 


Common-Mode 
All MUX Inputs 
and COM 
GND-O.OS 
Vee+ 
O.OS 
V 
Input 
Range (Note 4) 
Input 


DC Common-Mode 
Differential 
Mode 
±1/16 
lSB 


Error 


Power 
Supply 
Sensitivity 
Vee=SV±S% 
±1/16 
lSB 


IOFF, Off Channel 
On Channel 
= SV 
-1 
I'A 
leakage 
Current 
Off Channels 
= OV 


(Note 
3) 
TA=2S·C 
-SO 
nA 


On Channel 
= OV 
1 
I'A 


Off Channels 
= SV 


TA = 2S·C 
SO 
nA 


ION, On Channel 
On Channel 
= OV 
-1 
I'A 
leakage 
Current 
Off Channels 
= SV 


(Note 3) 
TA=2S·C 
-200 
nA 
lDI 
On Channel 
= SV 
1 
I'A 


Off Channel 
= OV 


TA = 2S·C 
200 
nA 


Parameter 


feLK, Clock 
Frequency 


Clock 
Duty Cycle 


Te, Conversion 
time 


Min 
Typ 
Max 
Units 


10 
200 
kHz 


40 
60 
% 


8 
lIfeLK 


200 
ns 


200 
ns 


Not Including 
MUX 


Addressing 
Time 


tSETUP,SE or CS Falling 
Edge 
or Data 
Input 
Valid 
to ClK 


Rising 
Edge 


tHOLO' Data 
Input 
Valid 
after 
ClK 
Rising 
Edge 


Parameter 


tpd1. tpdO-CLK 
Falling 
Edge to Output 


Data Valid 
(Note 6) 


t'H. toH-Rising 
Edge of CS to 
Data Output 
and SARS Hi-Z 


Conditions 


CL=100pF 


Data 
MSB First 


Data 
LSB First 


CL=10 
pF. RL=10k 
(See TRI-STATE'" 


Test Circuits) 


Min 
Typ 
Max 
Units 


650 
ns 


250 
ns 


125 
ns 


5 
pF 


5 
pF 


C1N, Capacitance 
of Logic 


Inputs 


COUToCapacitance 
of Logic 
Outputs 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


V1N(lp Logical 
"1" 
Input 
Voltage 
Vcc= 
5_25V 
2_0 
15 
V 


V1N10),Logical 
"0" 
Input 
Voltage 
Vcc= 
4.75V 
0.8 
V 


IIN(1)'Logical 
"1" 
Input 
Current 
V1N=VCC 
0.005 
1 
".A 


IINIO).Logical 
"0" 
Input 
Current 
V1N=OV 
-1 
- 0.005 
".A 


VOUT(1).Logical 
"1" Output 
Voltage 
10UT= -360".A. 
Vcc=4.75V 
2.4 
V 


10UT= -10".A. 
Vcc=4.75V 
4.5 
V 


VOUT(OpLogical 
"0" 
Output 
Voltage 
IOUT=1.6 
mA. Vcc=4.75V 
004 
V 


lOUT.TRI-STATE 
Output 
Current 
VOUT= Oo4V 
0.1 
100 
".Aoc 
(DO. SARS) 
VOUT= 5V 
0.1 
3 
".Aoc 


'SOURCE 
VOUTShort 
to GND. TA= 25°C 
14 
mA 


IS1NK 
VOUTShort 
to Vcc, TA = 25°C 
16 
mA 


Icc. Suppiy 
Current 
(Note 
5) 
VREF/2 Open Circuit 
3.0 
mA 


1+, Current 
into V + (Note 
5) 
10 
mA 


Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 


Note 2: All voltages are measured with respect to ground. 


Note 3: Lealsage current is measured with the clock not switching. 


Note 4: ForV1N( -)?:: VIN( +) thedigitat 
output code will be 00000000. Two on-chip diodes are tied to each analog input(see Block Diagram)which 
will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the VCC supply. Be careful, during testing at low VCC levels 
(4.5V),as high level analog inputs(5V) can cause this input diode toconduct-especiatly 
at elevated temperatures, 
and cause errors for analog inputs near full- 
scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mV, 
the output code will be correct. To achieve an absolute 0 VOC to 5 VDC input voltage range will therefore require a minimum supply voltage of 4.950 VDC over 
temperature 
variations, 
initial 
tolerance 
and loading. 


Note 5: An internal zener diode exists from VCC to GNO on the V + and VCC inputs. The breakdown of these zeners is approximately 
7V.The V + zener is in- 


tended to operate as a shunt regulator and connects to the VCC via a diode. When using this regulator to power the AID, this diode guarantees the VCC input to 
be operating 
below the zener voltage (7V - 0.6V). It is recommended 
that a series resistor be used to limit the maximum current into the V + input. 


Note 6: Since data, MSB first, is the output of the comparator 
used in the successive approximation 
loop, an additional 
delay is built in (see Block Diagram) to 
allow for comparator 
response time. 


TRI-STATE Test Circuits and Waveforms 
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ONO 


~ 


OH 


VCC 
-- 


DO AND 


SARS OUTPUTS 
'0% 


Val 


A 
CH8) 
OFF 
CH C 
CHANNElS 
L_________ 
CH 0 
CHANNEL 


VOLTAGE 
SelECT 


DATA 
IN 
(01) 
DON'T 
CARE 


SAR STATUS 


(SARS) 
TRI. 


STATE 


SGLlIlTF 
SElECT 
BIT 1 


MUX CDNFIGU'RATlDN 
WORD 


MUX 
SETTLING 
TIME 


MUX Addressing 
differentially 
with any other channel. 
In addition 
to select- 


ing differential 
mode the sign may also be selected. 
Chan- 


The 4-channel 
multiplexer 
is software 
configurable 
as 
nelO may be selected 
as the positive 
input and channel 
1 


single ended or differential 
inputs. 
The configuration 
and 
as the negative 
input or vice versa. 


channel 
assignment 
of the mUltiplexer 
is accomplished 
Data 
is always 
shifted 
in on the 
rising 
clock 
edge 
and 


with a 4-bit serial input word which 
must be preceded 
by a 
shifted 
out on the falling 
clock 
edge. 


leading 
"1" or start 
bit (leading 
zeros are ignored). 
If CS goes high, the conversion 
is stopped 
and all internal 


Differential 
inputs 
are 
restricted 
to 
adjacent 
channel 
circuitry 
is reset. 
If another 
conversion 
is desired, 
CS 


pairs. 
For 
example 
channel 
0 and 
channel 
1 may 
be 
must 
make a high-to-Iow 
transition 
followed 
by address 
selected 
as a differential 
pair. Channel 
0 or 1 cannot 
act 
information. 


TABLE I. MUX ADDRESSING 


Single-Ended 
MUX Mode 


Address 
Channel # 


SGU 
0001 
SELECT 
DIF 
SIGN 
1 
0 
0 
1 
2 
3 


1 
0 
0 
1 
+ 
1 
0 
1 
1 
+ 
1 
1 
0 
1 
+ 
1 
1 
1 
1 
+ 


COM is internally tied to A GND 


Differential 
MUX Mode 


Address 
Channel # 


SGU 
0001 
SELECT 
OIF 
SIGN 
1 
0 
0 
1 
2 
3 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
1 
+ 
- 


0 
1 
0 
1 
- 
+ 
0 
1 
1 
1 
- 
+ 


Connection Diagram 
Dual-In-Line 
Package 


v+ ..2. 
U 
"-vCC 


2 
13 
cs- 
-01 
3 
12 
CHO- 
-CLK 
• 
11 
CH1- 
AOC0833 
-SARS 


5 


~DD 
CH2- 
CH3...!. 
2... VREF" 


7 
8 
D GND- 
- 
A GND 


Ordering Information 


TOPVIEW 


Temperature 
Total 
Part Number 
Unadjusted 
Range 
Error 


ADC0833BCD 
- 40'C to + 85'C 


ADC0833BCN 
O'C to + 70'C 
± 1/2 LSB 


ADC0833BD 
- 55'C to + 125'C 


ADC0833CCD 
- 40'C to + 85'C 


ADC0833CCN 
O'C to + 70'C 
±1 
LSB 


ADC0833CD 
- 55'C to + 125'C 


INPUT 
TO 
F 


INTERNAl 


13 
CIRCUITS 


16 
BV::..30V 


17 
18 


INPUT PROTECTION 
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lOGIC INPUTS 
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REGISTER 
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General Description 


The ADC1001 and ADC1021 are CMOS, 10-bit successive 
approximation 
AID converters. 
The 20-pin ADC1001 is pin 


compatible 
with the ADC0801 8-bit AID family. The 10-bit 
data word is read in tw08-bit 
bytes, formatted 
left justified 


and high byte first. The six least significant 
bits of the sec- 
ond byte are set to zero, as is proper for a 16-bit word. 


The 24-pin ADC1021 outputs 
10 bits in parallei 
and is in- 


tended for interface 
to a 16-bit data bus. 


A differential 
analog 
voltage 
input allows 
increasing 
the 
common-mode 
rejection 
and offsetting 
the analog zero in- 
put voltage 
value. In addition, 
the voltage 
reference 
input 


can be adjusted 
to allow 
encoding 
any smaller 
analog 


voltage 
span to the full 10 bits of resolution. 


• 
ADC1001 is pin compatible 
with 
ADC0801 series 8-bit 


AID 


• 
Compatible 
with NSC800 and 8080 /,P derivatives 
- 
no 


interfacing 
logic needed - 
access time 170 ns 


• 
Easily 
interfaced 
to 6800 /,P derivatives 
with 
minimal 
external 
logic 


• 
Differential 
analog voltage 
inputs 


• 
Logic 
inputs 
and 
outputs 
meet 
both 
MOS 
and 
T2L 


voltage 
level specifications 


• 
Works with 2.5V (LM336) voltage 
reference 


• 
On-chip clock 
generator 


• 
OV to 5V analog 
input 
voltage 
range 
with 
single 
5V 
supply 


• 
Operates 
ratiometrically 
or with 
5 VDC, 2.5 VDc, or 


analog 
span adjusted 
voltage 
reference 
• 
0.3" standard 
width 20-pin DIP package 
or 24 pins with 
10-bit parallel 
output 


• 
Resolution 


• 
Linearity 
error 


• 
Conversion 
time 


10bits 
± 1/2 LSB and ± 1 LSB 


200/,s 


10-BIT 
RESOLUTION 


OVER 
ANY 
DESIRED 
ANALOG 
INPUT 
VOLTAGE 
RANGE 


TMIN :S TA :S TMAX 


- 55·C 
:S TA:s + 125·C 


Temperature 
Range 


ADC1001 BD, ADC1001 CD 
ADC1021BD, 
ADC1021CD 


ADC1001 BCD, ADC1001 CCD 
ADC1021BCD, 
ADC1021CCD 


ADC1001 BCN, ADC1001CCN 
ADC1021BCN, 
ADC1021CCN 


Range of Vcc 


Supply 
Voltage 
(Vcel (Note 3) 


Logic Control 
Inputs 


Voltage 
at Other 
Inputs 
and Outputs 


Storage 
Temperature 
Range 


Package 
Dissipation 
at TA= 25·C 


Lead Temperature 
(Soldering, 
10 seconds) 


6.5V 


- 0.3V to + 18V 


- 0.3V to (Vcc + 0.3V) 


- 65·C to + 150·C 


875mW 


300·C 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


ADC1001 B, ADC1021 B: 


Linearity 
Error 
± 1/2 
LSB 


Zero 
Error 
±1 
LSB 


Full·Scale 
Error 
±1 
LSB 


ADC1001C, 
ADC1021C: 


Linearity 
Error 
± 1 
LSB 


Zero Error 
±2 
LSB 


Full-Scale 
Error 
±2 
LSB 


VREF/2 Input 
Resistance 
Input 
Resistance 
at Pin 9 
3.2 
5.2 
k!l 


Analog 
Input 
Voltage 
Range 
(Note 4) V( +) or V( -) 
GND-0.05 
Vcc + 0.05 
Vac 


DC Common-Mode 
Error 
Over Analog 
Input 
Voltage 
Range 
± 1/8 
LSB 


Power 
Supply 
Sensitivity 
Vcc = 5 Vac 
± 5% Over 
±1/8 
LSB 
Allowed 
V1N(+) and V1N(-) 


Voltage 
Range (Note 
4) 


AC Electrical Characteristics 


Timing 
Specifications: 
Vcc= 
5 Vac and TA= 25·C unless 
otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Tc 
Conversion 
Time 
(Note 
5) 
82 
89 
1/fclK 
fClK = 410 kHz 
200 
217 
J-LS 


fClK 
Clock 
Frequency 
(Note 
8) 
100 
1260 
kHz 


Clock 
Duty Cycle 
40 
60 
% 


CR 
Conversion 
Rate In Free-Running 
INTR tied to WR with 
4600 
conv/s 


Mode 
CS = 0 Vac, fClK = 410 kHz 


-- 
CS = 0 Vac (Note 6) 
150 
tW(WR)l 
Width 
of WR Input 
(Start 
Pulse 
ns 


Width) 


tACC 
Access 
Time 
(Delay 
from 
Cl= 
100 pF 
170 
300 
ns 


Falling 
Edge of AD to Output 


Data Valid) 


t1H, 
tOH 
TRI-STATE'" 
Control 
(Delay 
Cl = 10 pF, Rl = 10k 
125 
200 
ns 


from 
Rising 
Edge of AD to 
(See TRI-STATE 
Test 


Hi-Z State) 
Circuits) 


tWI. tRI 
Delay from 
Falling 
Edge 
300 
450 
ns 


of WR or AD to Reset of INTR 
-- 


t1rs 
INTR to 1st Read Set-Up 
Time 
550 
400 
ns 


CIN 
Input 
Capacitance 
of Logic 
5 
7.5 
pF 


Control 
Inputs 


COUT 
TRI-STATE 
Output 
5 
7.5 
pF 


Capacitance 
(Data 
Buffers) 


TRI-STAT~ 
is a registered 
trademark 
of National 
Semiconductor 
Corp. 


8-90 


DC Electrical Characteristics 


The following 
specifications 
apply 
for Vcc= 
5 Voc and TMIN :S TA :S TMAx, unless 
otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


CONTROL 
INPUTS 
[Note: 
CLK IN is the input 
of a Schmitt 
trigger 
circuit 
and is therefore 
specified 
separately] 


VIN(l) 
Logical 
"1" 
Input 
Voltage 
Vcc=5.25 
Voc 
2.0 
15 
Voc 
(Except 
CLK IN) 


VIN(O) 
Logical 
"0" 
Input 
Voltage 
Vcc=4.75 
Voc 
0.8 
Voc 
(Except 
CLK IN) 


'IN (1) 
Logical 
"1" 
Input 
Current 
V1N=5Voc 
0.005 
1 
/lAOC 
(All Inputs) 


IIN(O) 
Logical 
"0" 
Input 
Current 
VIN=OVOC 
-1 
-0.005 
/lAOC 
(All Inputs) 


CLOCK 
IN 


VT+ 
CLK IN Positive 
Going 
2.7 
3.1 
3.5 
Voc 
Threshold 
Voltage 


VT- 
CLK IN Negative 
Going 
1.5 
1.8 
2.1 
Voc 


Threshold 
Voltage 


VH 
CLK IN Hysteresis 
0.6 
1.3 
2.0 
Voc 
(VT+)-(VT-) 


OUTPUTS 
AND INTR 


VOUT(O) 
Logical 
"0" 
Output 
Voltage 
lOUT= 1.6 mA, Vcc = 4.75 Voc 
0.4 
Voc 


VOUT(1) 
Logical 
"1" Output 
Voltage 
10= - 360 IIA, Vcc = 4.75 Voc 
2.4 
Voc 


'0 = - 10 IIA, Vcc = 4.75 Voc 
45 
Voc 


lOUT 
TRI-STATE 
Disabled 
Output 
VOUT= 0.4 Voc 
0.1 
-100 
/lAoc 


Leakage 
(All Data Buffers) 
VOUT= 5 Voc 
0.1 
3 
/lAOC 


ISOURCE 
VOUTShort 
to GND. TA = 25°C 
4.5 
6 
mAoc 


ISINK 
VOUTShort 
to Vcc, TA = 25°C 
9.0 
16 
mAoc 


POWER 
SUPPLY 


Icc 
Supply 
Current 
(Includes 
fClK = 410 kHz, 


Ladder 
Current) 
VREF/2=NC, 
TA=25°C 
and CS = 1 
1.5 
2.5 
mA 


Note 1: Absolute Maximum 
Ratings are those values beyond which the life of the device may be impaired. 


Not82: 
All voltages are measured with respect to GNO, unless otherwise 
specified. 
The separate 
A GND point should always be wired to the 0 GND. 


Note 3: A zener diode exists, internally, from VCC to GND and has a typical breakdown voltage of 7 VOC. 


Note 4: For VIN( -) 
2: VIN( +) the digital output code will be all zeros. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the VCC supply. Be careful, during testing at low VCC levels 
(4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated temperatures, and cause errors for analog inputs near full· 
scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mV, 
the output code will be correct. To achieve an absolute 0 Vac to 5 Vac input voltage range will therefore require a minimum supply voltage of 4.950 Vac over 
temperature 
variations, initial tolerance and loading. 


Note 5: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. 
The start request is internally latched, see Figure 
1. 


Note 6: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will 
hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 


Note 7: All typical values are for TA= 25°C. 


Note 8: Accuracy is guaranteed 
at felK 
= 410 kHz. At higher clock frequencies accuracy can degrade. 


Voltage 
vs 
Supply 
Voltage 
vs 
Load 
Capacitance 
vs 
Supply 
Voltage 
~ 
1.8 
_55°C 5TA <+125°C 


500 
3.5 
T 
w 
'" 
~ 
I 
~ 
w 
1.7 
'" 
3.1 
1.-- 


0 
400 
" 


vT+ 
> 
.; 
:; 
•.. 
c 
c 
~ 
1.6 
1/ 
> 
2.7 
0 
- 
~ 


_55°C S TA <+12SoC 
'" 
> 
300 
~ 
g 
I 
w 
'" 
~ 


2.3 
'" 
1.5 
/ 
I 
... 
~ 
l/ 
200 
i!: 
VT_ - 
1.4 
~ 
1.9 
I- 
-I 
u 
~ 
~ 


1 


1.3 
100 
1.5 


4.50 
4.75 
5.00 
5.25 
5.50 
0 
200 
400 
600 
800 
1000 
4.50 
4.75 
5.00 
5.25 
5.50 


Vee - SUPPl Y VOLTAGE (VOC) 
lOAD CAPACITANCE (pfl 
VCC - SUPPl Y VOLTAGE (Voci 


Output 
Current 
vs 
Typical 
Linearity 
Error 
vs 


fCLK 
vs 
Clock 
Capacitor 
Temperature 
Conversion 
Time 


1000 
8 
I 
JVcc=5Voc 
',\Wi\ 


vce 
= 5V 


7 
I I I I I I 


'\R 
= 10k 
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« 
~~~~E~~TPUT 
_ 
= 
~ 
~~ 


6 
+' 
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~ 
\ 
5 
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'" 
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ISOURCE 
c 
'" 
'" 


~ 


~1250C 


"" 
'" 
5 
VOUT = 2.4 VOC 
~ 
~ 
\ 
B 
u 


~ 


~ 
4 
a; 
~:s:::: 
\J\ 


r 
~ 


0 
~ 
--.;;;;: 


3 
-ISINK 
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VOUT = 0.4 VOC 
0 
100 
2 
10 
100 
1000 
-50 
-25 
0 
25 
50 
75 
100 
125 
120 
140 
160 
180 
200 


CLOCK CAPACITOR (pfl 
TA - AMBIENT TEMPERATURE 
lOCI 
CONVERSION TIME "'.1 


TRI·STATE Test Circuits 
and Waveforms 


t1H 
t1H• 
CL = 10 pF 


vcc 
_',1-- 


ifij 


vcc 
-(0% 


ifij 
50% 


DATA 
cs 
cl- 


OUTPUT 
GNO 
~ 
10% 


10k 


~ 
II 


VOH 
DATA 
~ 
~ 


OUTPUTS 
'::' 
GNO 


tr=20 
ns 


tOH 


VCC 
VCC 


tOH• CL = 10 pF 
f 
-',1_ 


VCC 
--~90% 


10k 
RJj 
50% 


GNO ---:;j 
10% 


ifij 
DATA 
CS 
OUTPUT 
J 


C _ 
•.•.•• 
VCC 
--- 


l"I 
DATA 
OUTPUTS 
10% 


'::' 
'::' 


VOL 


tr=20ns 


ACTUAL INTERNAL 


STATUS OF THE 


CONVERTER 


2NORD\ 
/ 


_. - 


-The 24-pin ADC1021 outputs all 10 bits on each RD. 


Note: All timing is measured from the 50% voltage points. 


Byte 
8·Bit 
Data 
Bus Connection 


Order 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


MSB 


1st 
Bit9 
Bit8 
Bit 7 Bit 6 Bit5 
Bit4 
Bit 3 Bit 2 


LSB 


2nd 
Bit 1 BitO 
0 
0 
0 
0 
0 
0 


The ADC1001, 
ADC1021 
are mechanized 
using 
an ad- 
vanced 
potentiometric 
resistive 
ladder 
network. 
The 
analog 
inputs, 
as well as the taps of this ladder network, 


are switched 
into a weighted 
capacitor 
array. The output 
of this capacitor 
array is the input to a sampled 
data com- 
parator. This comparator 
allows 
the successive 
approxi- 
mation 
logic to match the analog difference 
input voltage 
[V1N( + )-VIN( 
-)] 
to taps on the R network. The most signifi- 
cant bit is tested 
first and a'fter 10 comparisons 
(80 clock 


cycles) a digital10-bit 
binary code (all "1"s = full-scale) 
is 
transferred 
to an output 
latch 
and then 
an interrupt 
is 
asserted (INTR makes a high-to-low 
transition)_ Thedevice 
may be operated 
in the free-running 
mode by connecting 


INTR to the 
WR 
input 
with 
CS = O. To insure 
start-up 
under all possible 
conditions, 
an external 
WR pulse is re- 
quired 
during 
the first 
power-up 
cycle_ A conversion 
in 
process 
can 
be interrupted 
by issuing 
a second 
start 


command. 


.. 
25ooc 
<C 


On the high-to-Iow 
transition 
of the WR input the internal 
SAR latches 
and the shift 
register 
stages 
are reset. As 
long as the CS input and WR input remain low, the AID will 
remain 
in a reset state. Conversion 
will start 
from 
1 to 8 
clock periods 
after at least one of these inputs 
makes a 
low-to-high 
transition. 


A functional 
diagram 
of the AID 
converter 
is shown 
in 
Figure 
1.All of the inputs and outputs 
are shown and the 
major 
logic 
control 
paths 
are drawn 
in heavier 
weight 
lines. 


The 
converter 
is 
started 
by 
having 
CS 
and 
WR 
simultaneously 
low. This sets the start flip-flop 
(F/F) and 
the resulting 
"1" level resets the 8-bit shift register, resets 
the Interrupt (INTR) FIF and inputs a "1"to 
the D flop, F/F1, 


which is at the input end of the 10-bit shift register. Internal 
clock signals then transfer 
this "1" to the Q output of F/F1_ 
The AND gate, G1, combines 
this "1" output 
with a clock 
signal 
to provide a reset signal 
to the start 
F/F_" the set 
signal 
is no longer present (either WR or CS is a "1") the 
start F/F is reset and the 10-bit shift register then can have 
the "1" clocked 
in, which allows the conversion 
process to 


1.0M 


10k 
VIN(-) 


continue_ 
If the set signal 
were to still 
be present, 
this 
reset 
pulse 
would 
have 
no effect 
and 
the 
10-bit shift 
register 
would continue 
to be held in the reset mode_ This 


logic therefore 
allows 
for wide CS and WR signals 
and 


the converter 
will start after at least one of these signals 


returns 
high and the internal 
clocks 
again provide a reset 
signal 
for the start F/F. 


After the "1" 
is clocked 
through 
the 10-bit shift 
register 
(which completes 
the SAR search) it causes the new digit- 


al word to transfer 
to the TRI-STATE output 
latches. When 


this XFER signal 
makes a high-to-Iow 
transition 
the one 
shot fires, setting 
the INTR F/F. An inverting 
buffer then 
supplies 
the INTR output 
signal. 


Note that this SET control 
of the INTR FIF remains low for 
approximately 
400 ns. " the data output 
is continuously 
enabled (CS and AD both held low), the INTR output 
will 


still signal 
the end ~onversion 
(by a high-to-Iow 
transi- 
tion), because 
the SET input can control 
the Q output 
of 


the INTR F/F even though the RESET input is constantly 
at 
a "1"'evel. 
This INTR output will therefore 
stay low forthe 
duration 
of the SET signal. 
- 


~en 
data is to be read, the combination 
of both CS and 


RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output 
latches 
will be enabled. 


Zero and Full-Scale 
Adjustment 


Zero error can be adjusted 
as shown in Figure 2. V1N( +) is 
forced to + 2.5 mV ( + 1/2 LSB) and the potentiometer 
is 
adjusted 
until 
the digital 
output 
code changes 
from 00 


00000000 
to 00 0000 0001. 


Full-scale 
is adjusted 
as shown in Figure 3, with the VREF/2 
input. With V1N( +) forced to the desired full-scale 
voltage 
less 11/2 LSBs (VFS -1112 LSBs), VREF/2 is adjusted 
until 
the digital 
output 
code changes 
from 11 1111 1110 to 11 
11111111. 


,.~ 


• "" LM336 


-=: 


NOTE: VIN( -) 
should be biased so 
that VIN( -)~ 
- O.05V when potentiometer 


wiper is set at most negative 
voltage position. 
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Dual-In-Line 
Package 
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INPUT 
PROTECTION 
FOR ALL 
LOGIC 
INPUTS 


INPUTF 


TO INTERNAL 
CIRCUITS 
BV ~30V 


LAOOER 


AND 
DECODER 


SAR 
LATCH 
INDTElI 


START 
CONVERSION 


IF RESET" 
"0" 
/ 


cs (NOTE 
1) 


R1i 


Note 1: CS shown twice for clarity. 


Note 2: SAR = Successive Approximation 
Register. 
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E 
I ± 1/2 LSB Adjusted 
ADC1001BCN 
ADC1021BCN 
ADC1001BCD 
ADC1021BCD 
ADC1001BD 
ADC1021BD 
rror 
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N24A 
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D24C 
D20A 
D24C 
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~National 
~ 
Semiconductor 
A to D, D to A 
PRELIMINARY 


ADC1080, ADC1280 12·Bit Successive Approximation 
AID Converters 


The ADC1080 
and ADC1280 
are complete 
successive 
ap- 
proximation 
analog-to-digital 
converters 
that 
include 
an 


internal 
clock, 
reference 
and comparator_ 


The design 
of the ADC1080 
and ADC1280 
includes 
scaling 


resistors 
that 
provide 
analog 
signal 
ranges 
of 
± 2.5V, 
± 5.0V, ± 10V, OV to 5V, or OV to 10V. The 6.2V precision 
reference 
may be used for external 
applications. 
All digital 


signals 
are fully TTL compatible; 
output 
data may be read 


in both 
serial 
and parallel 
form. 


The ADC1280 
has a maximum 
linearity 
of 0.012% 
of FSR 


and the ADC1080 
has a maximum 
linearity 
of 0.048% 
of 


FSR. Both grades 
are specified 
for use over the 
- 25'C 
to 


+85'C 
temperature 
range 
and 
both 
are 
available 
in a 


32-pin 
DIP. 


DIGITAL 


GND 


10 
J 


Vet 
CLOCK 
, 
" 
o 


SHORT 
CLOCK 
EXTERNAL 


STATUS 
CYCLE 
INHIBIT 
CLOCK 
IN 


22 
21 
20 
19 


RA;~~14 


RA~~~ 
13 


Vlobb 


15 
1 
11 
25 


ANALOG 
Ne 
Vs 
-vs 
GND 
" 
REFERENCE 


OUT 


• 
Completely 
self-contained 
with 
internal 
reference, 


clock, 
and comparator 


• 
High 
reliability 
exact 
replacement 
for ADC80 
• 
± 1/2 LSB linearity 
for ADC1280 


• 
Input 
voltage 
ranges 
of ± 2.5V, ± 5V, ± 10V, OV to 5V, 


and OV to 10V 


• 
6.2V reference 
available 
for external 
use at 1.5 mA 


• 
Conversion 
speed-22l's 


• 
Short cycle and external 
clock 
options 
for faster 
conver- 


sion 
time 


--0. 
MSii 


-06 
MSB 


-<)5 
-0. 
-0, 
-0, 
-0, 
-032 
-0" 
-0" 
-019 
-0" 
-0" 


16 GAIN 
ADJUST 


12BIPOLAR 


OFFSET 


~C 
(')..•.o 
COp 


~C 
(')..•. 
N 
COo 


COMPARATOR 


IN 


BIPOLAR 
OFfSET 
OUT 


SHORT 


CYCLE 


ClOCK 


INHIBIT 


EXTERNAL 
CLOCK 
IN 


CONVERT 


START 


Absolute Maximum Ratings 
SupplyVoltage(V 
+ and V -) 
±18V 
Operating 
Temperature 
Range 
-55·Cto 
+100·C 


Logic Supply 
Voltage 
7V 
Storage 
Temperature 
Range 
-65·Cto 
+150·C 


Reference 
Input Voltage 
(VREF) 
OV,18V 
Lead Temperature 
(Soldering, 
10 seconds) 
300·C 
Electrical Characteristics 


TA= 
- 25·C to + 85·C, Vs= 
± 11.4V to ± 16.00V, Vee= 
4.75V to 5.25V unless 
otherwise 
noted. 


ADC1280 
ADC1080 


Parameter 
Conditions 
Typ 
Typ 
Units 
Min 
(Note 
1) 
Max 
Min 
(Note 
1) 
Max 


CONVERTER 
CHARACTERISTICS 


Resolution 
12 
10 
Bits 


Linearity 
Error 
TA=25·C 
±0.012 
±0.048 
% FSR 
(Note 3) 


Linearity 
Error Tempco 
±3 
±3 
ppm of 
FSRI·C 


Differential 
Linearity 
± 112 
± 1/2 
LSB 


Error 


No Missing 
Codes 
(Note 2) 
12 
10 
Bits 


Full-Scale 
(Gain) Error 
TA = 25·C (Note 4) 
±0.1 
±0.1 
% FSR 


Zero-Scale 
(Offset) 
TA=25·C 
Unipolar 
±0.05 
±0.05 
%FSR 
Error 
(Note 4) 
Bipolar 
±0.1 
±0.1 


Full-Scale 
(Gain) 
±30 
±30 
ppml·C 


Tempco 


Zero-Scale 
(Offset) 
Unipolar 
±3 
±3 
ppm of 


Tempco 
Bipolar 
±15 
±15 
FSRI·C 


Analog 
Input 
Voltage 
Unipolar 
OV to 5V, OV to 10V 
V 
Range 
Bipolar 
± 2.5V, ± 5V, ± 10V 


Input 
Impedance 
OV to 5V, + 2.5V 
2.5k 
2.5k 


(Direct 
Input) 
OV to 10V, ± 5V 
5k 
5k 
0 
±10V 
10k 
10k 


REFERENCE 
CHARACTERISTICS 


Reference 
Voltage 
6.07 
6.2 
6.33 
6.07 
6.2 
6.33 
V 


Tempco 
of Drift 
10 
20 
10 
20 
ppml·C 


External 
Use Current 
1.5 
1.5 
mA 


Output 
Impedance 
0.05 
1.0 
0.05 
1.0 
0 


DIGITAL 
AND 
DC CHARACTERISTICS 


Logic 
1 Input 
Voltage 
2.0 
2.0 
(Bit Off) 
Incl 
V 
Logic 
0 Input 
Voltage 
Ext 
0.8 
0.8 
(Bit On) 
Clock 


Logic 
1 Input 
Current 
Input 
V1N=2.5V 
0.05 
1 
0.05 
1 


Logic 
0 Input 
Current 
V1N=OV 
-100 
-100 
p.A 


Logic 
0 Output 
Voltage 
IOUT=3.2 
mA 
0.4 
0.4 
V 
Logic 
1 Output 
Voltage 
'o=360p.A 
2.4 
2.4 


Short 
Circuit 
Output 
Vee= 
Max 
-18 
-57 
-18 
-57 
mA 
Current 


Power 
Supply 
Current 
1+ 
16 
16 
mA 


TA=25·C 
I 
12 
12 
mA 


Ice 
92 
92 
mA 


Power 
Supply 
Sensitivity 
Vs 
0.003 
0.003 
FSRI% 
Vs 
Vee 
0.0015 
0.0015 
FSRI% 
Vee 


» 
Electrical Characteristics (Continued) 
C 
TA= - 25·C to + 85·C, Vs= ± 11.4Vto ± 16.00V,Vcc = 4.75V to 5.25V unless otherwise noted. 
0..•. 


ADC1280 
ADC1080 
0 
CO 


Parameter 
Conditions 
Typ 
Typ 
Units 
$=> 
Mln 
Max 
Min 
Max 
(Note 1) 
(Note 1) 
» 


AC CHARACTERISTICS 
C 


Conversion Time 
Internal 
22 
25 
21 
0..•. 


TA=25·C 
Clock 
N 
External 
16 
18 
12 
itS 
CO 


Clock 
0 


Clock Frequency 
Internal 
575 
575 
kHz 


Convert Command 
100 
100 
ns 


Not. 
1: All typical 
values 
are for TA = 2SoC. 


Note 2: Guarantees 
that for increasing 
analog voltage, 
the digital 
code increases. 
This specification 
guarantees 
monotonicity. 


Note 3: FSR means "full-scale 
range" 
and is 20V for ± lOV range, tOV for ± 5V range. 


Note 4: Externally 
adjustable 
to zero. 


linearity 
Error vs 
Conversion Time 
(Normalized) 


Differential Linearity Error 
vs Conversion Time 
(Normalized) 


1 


3/4 
- 
'"0 
'"'" 
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o 
2 
4 
6 
8 
10121416 
18 202224 
26 


CONVERSION 
TIME 
fJ.csl 


Maximum Gain Drift 
Error- 
% of FSR vs 
Temperature 


Reference Drift - 
% Error 
vs Temperature 


0.06 


0_04 


0.02 


~ 
0 
•... 
~-O.02 
°-0.04 


~-O.D6 
S-O.08 


~-O.10 


-0.12 


-0.14 


-0.16 


-25 


tranSfer 
function 
shown 
in Figure 
1. There 
is an inherent 


quantization 
uncertainty 
of ± 1/2 LSB associated 
with the 


resolution. 


>- 


~o::l 
011 .. 111 
OffSET 


ERROR 
i 
~BITS~FF 


111..111 -FSR/2\ 
' 
0 


ANALOG 
INPUT 
FIGURE 
1. TransferCharacterlstics 
for an Ideal Bipolar 
AID 


The remaining 
errors 
in the AID converters 
are combina- 


tions 
of analog 
errors 
due to the linear circuitry, 
matching 


and 
tracking 
properties 
of 
the 
ladder 
and 
scaling 
net- 


works, 
reference 
error, 
and 
power 
supply 
rejection. 
The 


matching 
and 
tracking 
errors 
in 
the 
ADC1080 
and 


ADC1280 
have been minimized 
by the use of a monolithic 


DAC 
that 
includes 
the 
scaling 
network. 
The 
initial 
gain 


and offset 
errors are specified 
at ± 0.1 % FSR for gain and 


± 0.05% 
FSR for offset. 
These 
errors 
may be trimmed 
to 


zero 
by the 
use of the external 
trim 
circuits 
as shown 
in 


Figures 
2 and 3. Linearity 
error is defined 
as the deviation 


15V (12VI 


COMP'2 
!.!M. 
.110k 
TO ,ook 


IN~~~~~~~ 


-15V 
(-12Vl 


verter 
accuracy. 
Dillerential 
nonlinearity 
is a measure 
of 


the deviation 
in staircase 
step width 
between 
codes 
from 


the ideal 
least 
significant 
bit step size (Figure 
1). 


Monotonic 
behavior 
requires 
that the differential 
linearity 


error 
be less than 
1 LSB; however, 
a monotonic 
converter 


can have missing 
codes. 


There 
are three 
types 
of drift 
error 
over temperature: 
off- 


set, gain, 
and 
linearity. 
Offset 
drift 
causes 
a shift 
of the 
transfer 
characteristics 
left 
or right 
over 
the 
operating 
temperature 
range. 
Gain 
drift 
causes 
a rotation 
of 
the 


transfer 
characteristic 
about 
the zero or minus 
full-scale 


point. 


Initial 
gain and offset 
errors are factory 
trimmed 
to ± 0.1 % 


of FSR (± 0.05% 
for unipolar 
offset) 
at 25°C. 


Gain and offset 
errors 
may be trimmed 
to zero using 
exter- 
nal gain 
and offset 
trim 
potentiometers 
connected 
to the 


ADC1080 
and ADC1280 
as shown 
in Figures 
2 and 3. Multi- 


turn 
potentiometers 
with 
100 ppm/oC 
or better 
TCRs 
are 
recommended 
for 
minimum 
drift 
over 
temperature 
and 


time. These pots may be any value from 
10 kll to 100 kll. All 


resistors 
should 
be 20% or better. 
Pin 16 (gain adjust) 
may 


be left open 
if no external 
adjustment 
is required. 


l80k 
10k TO tOOk 
OFFSET 
ADJUST 


FIGURE 
2. Two Methods 
of Connecting 
Optional 
Offset 
Adjust 
with 
a 0.4% 
of FSR Range of Adjustment 
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FIGURE 
3. Two Methods 
of Connecting 
Optional 
Gain 
Adjust 
with 
a 0.6% 
Range 
of Adjustment 


Adjustment 
Procedure 


Offset-Connect 
the 
offset 
potentiometer 
as shown 
in 
Figure 
2. Sweep 
the input 
through 
the end point 
transition 
voltage 
that should 
cause 
an output 
transition 
to all ones. 


Adjust 
the offset 
potentiometer 
until 
the actual 
end point 


transition 
voltage 
occurs 
at E~F 
The ideal transition 
volt· 


age values 
of the input 
are given 
in Table 
I. 


Gain-Connect 
the gain 
adjust 
potentiometer 
as shown 


in Figure 
3. Sweep 
the input 
through 
the end point 
transi- 


tion 
voltage 
that 
should 
cause 
an output 
transition 
to all 
zeros. 


Adjust 
the gain 
potentiometer 
until 
the actual 
end point 
transition 
voltage 
occurs 
E~t 
Table 
I details 
the transi- 
tion 
voltage 
levels 
required. 


1.2 Accuracy 
Drift 
vs Temperature 


Three 
major 
drift 
parameters 
degrade 
AID converter 
ac- 


curacy 
over temperature: 
they are gain, offset 
and linearity 
drift. The worst 
case accuracy 
drift 
is the summation 
of all 


three 
drift 
errors 
over temperature. 
Statistically, 
these 
er- 
rors 
do not 
add 
algebraically, 
but 
are random 
variables 
which 
behave 
as root-sum-squared 
(RSS) or 1a errors 
as 


follows: 


RSS=-v'Eg2+ 
E02+ 
Ee2 


where 
E g = gain drift error (ppm/°C) 


Eo = offset 
drift 
error (ppm of FSRi°C) 


E e = linearity 
error (ppm of FSRi°C) 


For unipolar 
operation, 
the total 
RSS drift 
is ± 30.3 ppm/oC 
and 
for 
bipolar 
operation, 
the 
total 
RSS 
drift 
is 


± 33.7 ppm/oC. 


1.3 Accuracy 
vs Speed 


In successive 
approximation 
AID converters, 
the conver- 
sion 
speed 
affects 
linearity 
and 
differential 
linearity 


errors. 
Conversion 
speed and its effect 
on linearity 
and dif- 


ferentiallinearity 
errors for the ADC1080 
and ADC1280 
are 
shown 
in Figures 
3 and 4. 


6.2k 
BIPOLAR 
12 o---J"trNt",- 


OFFSET 
. 
.- 


-= 
ANALOG 
151 
VREF 


COMMON 


FROM OIA 
CONY 


The ADC1080 
and ADC1280 
conversion 
speeds 
are speci- 


fied for a maximum 
linearity 
error of ± 1/2 LSB and a dif- 


ferentiallinearity 
error of ± 1/2 LSB with the internal 
clock. 


Faster 
conversion 
speeds 
up to 231's for 12 bits, 
121's for 


10 bits, 
and 61's 
for 8 bits 
are possible 
with 
an external 
clock. 


1.4 Power 
Supply 
Sensitivity 


Changes 
in the DC power supplies 
will affect 
the accuracy 


of the ADC1080 
and ADC1280. 
Normally, 
regulated 
power 


supplies 
with 
1% or less ripple 
are recommended. 


Analog 
and digital 
commons 
are not connected 
internally 


in the ADC1080 
and ADC1280, 
but should 
be connected 


together 
as close 
to the unit 
as possible, 
preferably 
to a 


large ground 
plane 
under 
the AID. If these 
grounds 
must 


be run separately, 
use a wide 
conductor 
pattern 
between 


analog 
and digital 
commons 
at the unit. 
Low impedance 


analog 
and digital 
common 
returns 
are essential 
for low 


noise 
performance. 
Coupling 
between 
analog 
inputs 
and 


digital 
lines 
should 
be minimized 
by careful 
layout. 


1.6 Input 
Scaling 


The 
ADC1080 
and 
ADC1280 
input 
should 
be scaled 
as 


close 
to the 
maximum 
input 
signal 
range 
as possible 
in 


order 
to utilize 
the maximum 
signal 
resolution 
of the AID 


converter. 
Connect 
the 
input 
signal 
as shown 
in Table 
I. 


See Figure 
4 for circuit 
details. 


Input 
Connect 
Connect 
Connect 


Signal 
Output 
Pin 12 
Pin 14 
Input 


Range 
Code 
To Pin 
To 
Signal 
To 


±10V 
COB or CTC 
11 
Input Signal 
14 


±5V 
COB or CTC 
11 
Open 
13 


±2.5V 
COB orCTC 
11 
Pin 11 
13 


OV to 5V 
CSB 
15 
Pin 11 
13 


OV to 10V 
CSB 
15 
Open 
13 


2.0 Functional 
Description 


On receipt 
of a CONVERT 
START command, 
the ADC1080 


and ADC1280 
convert 
the voltage 
at its analog 
input 
into 


an 
equivalent 
12-bit 
binary 
number. 
This 
conversion 
is 


accomplished 
as follows: 
the 
12-bit 
successive 
approxi- 


mation 
register 
(SAR) 
has 
its 
12-bit 
outputs 
connected 


both to the device 
bit output 
pins and to the corresponding 


bit inputs 
of the feedback 
DAC. The analog 
input 
is suc- 


cessively 
compared 
to the feedback 
DAC output, 
one bit 


at a time (MSB first, 
LSB last). The decision 
to keep or re- 


ject 
each 
bit is then 
made 
at the completion 
of each 
bit 


comparison 
period, 
depending 
on the state of the compar- 


ator at that 
time. 


2.1 
Timing 


The Timing Diagram is shown in Figure 5. Receipt of a 
CONVERT START signal sets the STATUSflag, indicating 
conversion in progress. This, in turn, removes the inhibit 
applied to the gated clock, permitting it to run through 13 
cycles. All SAR parallel bit and STATUSflip-flops are ini- 
tialized on the leading edge, and the gated clock inhibit 
signal is removed on the trailing edge of the CONVERT 
START signal. At time to, 81 is reset and 82-812 are set 
unconditionally. At t1 the bit 1decision is made (keep)and 
bit 2 is unconditionally 
reset. At t2, the bit 2 decision is 
made (keep) and bit 3 is reset unconditionally. 
This se- 


quence continues until the bit 12(LS8) decision (keep) is 
made at t12. After a 40 ns delay period, the STATUSflag is 
reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUSflag 
restores the gated clock inhibit signal, forcing the clock 
output to the Logic 0 state. 


Corresponding serial and parallel data bits become valid 
on the same positive-going clock edge. Serial data does 
not change and is guaranteed valid on negative-going 
clock edges, however; serial data can be transferred quite 
simply byclocking it into a receiving shift registeron these 
edges (see Figure 5). 


CONVERT 
START 
(NOTE 
1) 


1 


LSB 
===YffNffA..:rJ 
Lu... 
-lo--11.....--12 •••••WBg 


1_.~O-------------------O---1---1---0~.1 


SERIAL 
DATA 
OUT 


Note 1: The convert start pulse width is 100 os min and must remain low during a conversion. 
The conversion is initiated by the rising edge of the 


convert command. 


Not82: 
25 p.S for 12 bits and 21 p.sfor 10 bits (max). 


Nots 3: MSB decision 


Nots 4: LSB decision 40 os prior to the status going low. 


.• Bit decisions 


Incorporation 
of 
this 
40 
ns 
delay 
guarantees 
that 
the 


parallel 
(and serial) 
data are valid 
at the Logic 
1 to Logic 0 


transition 
of 
the 
STATUS 
flag, 
permitting 
parallel 
data 


transfer 
to be initiated 
by the trailing 
edge of the STATUS 


signal. 


2.2 
Digital 
Output 
Data 


Both 
parallel 
and serial 
data 
from 
TTL storage 
registers 


are in negative 
true 
form. 
Parallel 
data 
output 
coding 
is 


complementary 
binary 
for unipolar 
ranges 
and either 
com- 


plementary 
offset 
binary 
or complementary 
two's 
comple- 


ment 
binary, 
depending 
on 
whether 
bit 
1 (pin 
6) or 
its 


logical 
inverse 
bit 
1 (pin 8) is used 
as the 
MSB. 
Parallel 


data 
becomes 
valid 
approximately 
40 
ns 
before 
the 


STATUS 
flag 
returns 
to Logic 
0, permitting 
parallel 
data 


transfer 
to be clocked 
on the "1" 
to "0" 
transition 
of the 


STATUS flag. 


Serial 
data 
coding 
is complementary 
binary 
for unipoiar 


input 
ranges 
and complementary 
offset 
binary 
for bipolar 


input 
ranges. 
Serial 
output 
is by bit (MSB first, 
LSB last) in 


NRZ (non-return-to-zero) 
format. 
Serial 
and 
parallel 
data 


outputs 
change 
state 
on 
positive-going 
clock 
edges. 
Serial 
data is guaranteed 
valid 200 ns after the rising 
clock 


edges, 
permitting 
serial 
data to be clocked 
directly 
into a 


receiving 
register 
on these 
edges 
as shown 
in Figure 
5. 
There 
are 13 negative-going 
clock 
edges 
in the complete 


12-bit 
conversion 
cycle, 
as shown 
in Figure 
5. The first 


edge shifts 
an invalid 
bit into the register, 
which 
is shifted 


out on the 13th negative-going 
clock 
edge. All serial 
data 


bits 
will 
have 
been 
correctly 
transferred 
and 
be in the 


receiving 
shift 
register 
locations 
shown 
at the completion 


of the conversion 
period. 


2.3 
Short 
Cycle 
Input 


A short 
cycle 
input, 
pin 21, permits 
the timing 
cycle 
shown 


in Figure 
5 to be terminated 
after 
any number 
of desired 


bits 
has 
been 
converted, 
permitting 
somewhat 
shorter 
conversion 
times 
in applications 
not requiring 
full 
12-bit 
resolution. 
When 
12-bit 
resolution 
is required, 
pin 21 is 
connected 
to 5V (pin 9). When 
10-bit resolution 
is desired, 


pin 21 is connected 
to bit 11 output 
pin 28. The conversion 
cycle 
then 
terminates, 
and the STATUS 
flag 
resets 
after 
the bit 10 decision 
(t10 + 40 ns in the Timing 
Diagram 
of 
Figure 
5)_ Short 
cycle 
pin 
connections 
and 
associated 
maximum 
12-bit, 10-bit and 8-bit conversion 
times 
are sum- 


marized 
in Table 
II. 


Connect Short 
Resolution 
Maximum 
Status Flag 
Cycle Pin 21 To 
Bits 
(% FSR) 
Conversion 
Reset 
Pin 
Time (I's) 


9 
12 
0.024 
25 
t12 +40 ns 


28 
10 
0.100 
21 
t10 +40 ns 


30 
8 
0.390 
17 
t8 +40 ns 


The timing 
sequence 
of the ADC1080 
and ADC1280 
allows 
the device 
to be easily 
operated 
in a variety 
of systems 


with 
different 
control 
modes. 
The most 
common 
control 
modes 
are illustrated 
in Figures 
6-9. 


2.5 
Calibration 


External 
ZERO ADJ and GAIN 
ADJ 
potentiometers, 
con- 


nected 
as shown 
in Figures 
10 and 11, are used for device 
calibration. 
To prevent 
interaction 
of 
these 
two 
adjust· 
ments, 
zero is always 
adjusted 
first 
and then gain. Zero is 
adjusted 
with the analog 
input 
near the most negative 
end 


of the analog 
range (0 for unipolar 
and 
- FS for bipolar 
in- 
put ranges). 
Gain 
is adjusted 
with 
the analog 
input 
near 
the most 
postive 
end of the analog 
range. 
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FIGURE 
6. 
Internal 
Clock-Normal 
Operating 
Mode. 
Conversion 
Initi- 
ated 
by the 
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Edge of the Convert 
Command. 
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Runs Only 
During 
Conversion. 
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FIGURE 
7. Continuous 
Conversion 
with 
External 
Clock. 
Conversion 
is 


Initiated 
by 14th Clock 
Pulse. 
Clock 
Runs Continuously. 
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FIGURE 8. Continuous 
External 
Clock. 
Conversion 
Initiated 
by Rising 
Edge 
of 
Convert 
Command. 
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Convert 
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with Clock. 
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FIGURE 9. Continuous 
Conversion 
with Internal 
Clock. Conversion 
is In· 


itiated 
by the 14th Clock Pulse. Clock Runs Continuously. 
The Oscillator 


Formed 
by Gates 2 and 3 Insures 
that the Conversion 
Process 
will Start 


When Logic Power is First Turned On. 
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ANALOG 
INPUT 
15V 
10M 


15V 


OV to 10V Range: 
Set analog input to + 1 LSB = + O.0024V. 


Adjust 
zero for digital 
output = 1 1 1 1 1 1 1 1 1 1 1 O.Zero 
is now calibrated. 
Set analog 
input to + FSR - 2 LSB = 
+ 9.9952V. Adjust gain forO 0 0 0 0 0 0 0 0 0 01 digital 
out- 
put code; 
full-scale 
(gain) is now calibrated. 
Half-scale 


calibration 
check: 
set analog 
input to + 5.0000V; 
digital 


output 
code should 
be 01 1 1 1 1 1 1 1 1 1 1. 


-10V 
to +10V 
Range: 
Set analog 
input to - 9.9951V; ad- 


just 
zero 
for 
1 1 1 1 1 1 1 1 1 1 1 0 digital 
output 
(com- 
plementary 
offset 
binary) 
code. 
Set 
analog 
input 
to 


+ 9.9902V; 
adjust gain forO 0 0 0 0 0 0 0 0001 
digital 
out- 


put 
(complementary 
offset 
binary) 
code. 
Half-scale 


calibration 
check: set analog 
input to O.OOOOV; digital 
out- 


put 
(complementary 
offset 
binary) 
code 
should 
be 


01 1 1 1 1 1 1 1 1 1 1. 


Other Ranges: 
Representative 
digital 
coding 
forOV 
to 10V 
and -10V 
to + 10V ranges is given above. Coding relation- 


ships and calibration 
points 
for OV to 5V, 
- 2.5V to + 2.5V 
and - 5V to + 5V ranges can be found by halving the corre- 
sponding 
code equivalents 
listed 
for the OV to 10V and 
-10V 
to + 10V ranges, respectively. 


Zero and full-scale 
calibration 
can be accomplished 
to a 
precision 
of approximately 
± 1/4 LSB using the static 
ad- 


justment 
procedure 
described 
in paragraph 
1.1. By sum- 


ming 
a small 
sine 
or triangular 
wave voltage 
with 
the 
signal 
applied 
to the 
analog 
input, 
the 
output 
can 
be 
cycled through 
each of the calibration 
codes of interest 
to 
more accurately 
determine 
the center 
(or end points) 
of 
each discrete 
quantization 
level. 


TABLE 
III. 
INPUT VOLTAGES 
AND 
CODE DEFINITIONS 


Binary (BIN) 
INPUT VOLTAGE RANGE AND LSB VALUES 
Output 


Analog Input 
Voltage Range 
Defined As: 
±10V 
±5V 
±2.5V 
OVto 20V 
OVto 10V 
OVt05V 


Code 
COB· 
COB· 
COS· 
Designation 
orCTC·· 
orCTC·· 
orCTC·· 
CSS··· 
CSS··· 
CSS··· 


One Least 
FSR 
20V 
10V 
5V 
20V 
10V 
5V 


Significant 
Y 
2" 
2" 
2" 
2" 
2" 
2" 
Sit (LSB) 
n=8 
78.13 mV 
39.06 mV 
19.53mV 
78.13 mV 
39.06 mV 
19.53 mV 


n= 10 
19.53 mV 
9.77 mV 
4.88 mV 
19.53mV 
9.77 mV 
4.88 mV 


n= 12 
4.88 mV 
2.44 mV 
1.22 mV 
4.88mV 
2.44 mV 
1.22mV 


Transition 
Valuas 


MSB 
LSB 


000 ... 000···· 
+ Full-Scale 
10V -3/2 
LSS 
5V -3/2 
LSS 
2.5V - 3/2 LSS 
20V - 3/2 LSS 
10V -3/2 
LSS 
5V -3/2 
LSS 


011 ... 111 
Mid-Scale 
0 
0 
0 
10V 
5V 
2.5V 


111 ... 110 
- Full-Scale 
-10V 
+ 1/2 LSS 
-5V 
+1/2 LSS 
- 2.5V + 1/2 LSS 
0+1/2 
LSS 
o +1/2 LSS 
0+1/2LSS 


·COB = Complementary 
Offset Binary . 


• ·CTC = Complementary 
Two's complement-obtained 
by using the complement of the most significant 
bit (MSB). MSB is available on pin 8. 


•• ·CSB = Complementary 
Straight 
Binary. 


•• •.•Voltages given are the nominal value for transition 
to the code specified. 


Ordering Information 


Temperature 
Range 
- 25°C to + 85°C 


•ADC1280HCD 
0.012% 
ADC80AG-12 
Linearity 
ADC80AGZ-12 
(Accuracy) 
•ADC1080HCD 
0.048% 
ADC80AG-10 
ADC80AGZ-10 
Package 
D32B 


* Devices may be ordered by either part number 


~National 
~ 
Semiconductor 


ADC1210, ADC121112·Bit 
CMOS AID Converters 


General 
Description 


The ADC1210, 
ADC1211 
are low power, medium speed, 
12-bit 
successive approximation, 
analog-to-digital 
con- 
verters. 
The devices are complete 
converters 
requiring 
only 
the application 
of a reference voltage and a clock 
for operation. 
Included within 
the device are the succes- 
sive approximation 
logic, 
CMOS analog switches, 
pre- 
cision laser trimmed 
thin 
film 
R-2R ladder network 
and 
FET input comparator. 


The 
ADC1210 
offers 
12-bit 
resolution 
and 
12-bit 
accuracy, 
and 
the 
ADC1211 
offers 
12-bit 
resolution 
with 
10-bit 
accuracy. 
The inverted 
binary 
outputs 
are 
directly 
compatible 
with 
CMOS logic. The ADC1210, 
ADC1211 
will 
operate over a wide supply range, convert 
both bipolar 
and unipolar 
analog inputs, and operate in 
either a continuous 
conversion 
mode or logic-controlled 


CLOCK 


START 


CONVERSION 
COMPLETE 


START-STOP 
conversion 
mode. The devices are capable 
of making a 12-bit conversion 
in 100 fJ.styp, and can be 
connected to convert 
10 bits in 30 fJ.S. 


Both 
devices 
are available 
in 
military 
and 
industrial 
temperature 
ranges. 


• 
12-bit resolution 


• 
±1/2 
LSB linearity 


• 
Single +5V to ±15V supply range 


• 
100 fJ.S12-bit, 30 fJ.S10-bit conversion rate 


• 
CMOS compatible 
outputs 


• 
Bipolar or unipolar 
analog inputs 


• 
200 kn 
analog input impedance 


• 
Low cost 


Order Number 
AOC1210HCO, 
AOC1211HCO, 
AOC1210HO 
or AOC1211HO 
See NS Package 0240 


« 


Vol tage At Any 
Logic PIn 
v· 
+ U.,jV 
AUC1L1UHU, 
AUC1[11HU 
-:):) 
•....•1:0 
1""ILO 
•....• 


Analog 
Input 
Voltage 
±15V 
ADC1210HCD, 
ADC1211 
HCD 
-25°C 
to + 85°C 
0 
Maximum 
Digital 
Output 
Current 
+10mA 
Storage Temperature 
Range 
-65°C 
to +150° C 
,... 
Maximum 
ComparatOr 
Output 
Current 
50mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 
C\I 
Comparator 
Output 
Short-Circuit 
Duration 
5 Seconds 
,... 
() 
DC Electrical 
Characteristics 
C 
(Notes 
1 and 
2) 
« 
ADC1210 
ADC1211 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TVP 
MAX 
MIN 
TVP 
MAX 


Resolution 
12 
12 
Bits 


Linearity 
Error 
(Note 
31 


fClK 
~ 65 kHz, T A ~ 25°C 
±0.0122 
±0.0488 
% FS 


fClK 
~ 65 kHz 
±0.0244 
% FS 


Full Scale Error 
T A ~ 25°C, 
Unadjusted 
0.1 
025 
% FS 


Zero Scale Error 
T A ~ 25°C, 
Unadjusted 
0.1 
0.25 
% FS 


Quantization 
Error 
±112 
±1/2 
lSB 


Input 
Resistor Values 
R27, 
R28 
20 
20 
kn 


Input 
Resistor 
Values 
R25, 
R26 
200 
200 
kn 


Input 
Resistor 
Ratios 
R25/R26, 
R27/R28 
0.1 
0.1 
% 


Logic "1" 
Input 
Voltage 
8 
8 
V 


Logic "0" 
Input 
Voltage 
2 
2 
V 


Logic "1" 
Input 
Current 
VIN 
= 10.24V 
1 
1 
/1A 


Logic "0" 
Input 
Current 
VIN 
= OV 
-1 
-1 
/1A 


Logic"l" 
Output 
Voltage 
IOUT<::-1/1A 
9.2 
92 
V 


Logic "0" 
Output 
Voltage 
IOUT<:: 
1 /1A 
0.5 
0.5 
V 


Positive Supply 
Current 
V+ = 15V, fClK 
= 65 kHz, 
5 
8 
5 
8 
mA 


TA~25°C 


Negative 
Supply 
Current 
V- 
= -15V, 
TA ~ 25°C 
4 
6 
4 
6 
mA 


Maximum 
Clock 
Frequency 


Clock 
Pulse Width 


TVP 
MAX 
UNITS 


100 
200 
/1S 


130 
65 
kHz 


50 
ns 


60 
150 
ns 


60 
150 
ns 


5 
/1S 


10 
pF 


ns 


Propagation 
Delay 
From 
Clock 
to Data Output 


(00to011) 


Propagation 
Delay 
F rom Clock 
to Conversion 


Complete 


Note 
1: 
Unless otherwise 
noted, 
these specifications 
apply 
for 
V+ = 10.240V, 
V- 
= -15V, 
over the temperature 
range -55°C 
to +12SoC 
for 
the ADC1210HD, 
ADC1211 
HD, and -25°C 
to +85°C 
for the ADC1210HCD, 
ADC1 211 HCD. 


Note 2: 
All typical 
values arc for T A = 25°C. 
Note 
3: 
Unless otherwise 
noted, 
this specification 
applies over the temperature 
range -2SoC 
to +8SoC. 
Provision is made to adjust zero scale error 


to OV and full-scale 
to 1O.237SV 
during testing. Standard 
linearity 
test circuit 
is shown in Figure Sa. 


18 
19 
15 


R25 
R26 
R21 


200k 
200k 
20k 


CP 


START 


CONVERSION 
14 


COMPLETE 


2.2S 


~ 1.75 
z 
I.S 
0;:: 
;;: 
1.25 
~ 
0; 
'" 0.15 
~ 0.50 


0.25 


0JA 
'" 60°CIW 


'"'\ 
'" 


The 
ADC1210, 
ADC1211 
are successive 
approximation 


analog·to·digital 
converters, 
i.e., 
the 
conversion 
takes 
place 
1 bit 
at 
a time 
by 
comparing 
the 
output 
of 
the 
internal 
D/A 
to 
the 
(unknown) 
input 
voltage. 
The 
START 
input 
(pin 
13), 
when 
taken 
low, 
causes 
the 


register 
to 
reset 
synchronously 
on 
the 
next 
CLOCK 


low·to·high 
transition. 
The 
MSB, 
Q11 
is set to the 
low 


state, 
and 
the 
remaining 
bits, 
QO through 
QlO, 
will 
be 


set 
to 
the 
high 
state. 
The 
register 
will 
remain 
in this 


state 
until 
the SC input 
is taken 
high. 
When 
START 
goes 
high, 
the 
corwersion 
will 
begin 
on 
the 
low·to·high 


transition 
of 
the 
CLOCK 
pulse. 
Q11 
will 
then 
assume 
the 
state 
of pin 
23. 
If pin 
23 
is high, 
Q11 
will 
be high; 


if pin 
23 
is low, 
Q11 
will remain 
low. At the same 
time, 
the 
next 
bit, 
Q10 
is set 
low. 
All remaining 
bits, 
QO-Q9 


12"!lO!'!'!'!'!'!'!'!' 


1 


,-1 
2-12 


Supply Current 
YS 
Supply Voltage 


;< 


-"~ 
z 
'"'"~ 


> 
v- 


~ 


0 
- 


0 
10 
IS 


SUPPLY 
VOLTAGE 
(!.Vl 


will 
remain 
unchanged 
(high). 
This process 
will continue 


until 
the 
LSB 
(QO) 
is 
found. 
When 
the 
conversion 


process 
is completed, 
it is indicated 
by CONVERSION 
COMPLETE 
(CC) 
(pin 
14) going 
low. The 
logic levels at 


the 
data 
output 
pins 
(pins 
1-12) 
are the complemented· 
binary 
representation 
of the converted 
analog 
signal with 
Q11 
being 
the 
MSB and 
QO being 
the 
LSB. The register 
will 
remain 
in the 
above 
state 
until 
the SC is again 
taken 


low. 


An 
application 
example 
is shown 
in Figure I. In this 
case, 
a 0 to 
-10.2375V 
input 
is being 
converted 
using 
the 
ADC1210 
with 
V+ = 10.240V, 
V- 
= -15V. 
Figure 


Ib 
is the 
timing 
diagram 
for full 
scale 
input. 
Figure Ie 
is the 
timing 
diagram 
for 
zero 
scale 
input, 
Figure Id is 


the timing 
diagram 
for-3.4125V 
input 
(010101010101 
= 
output). 
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Digital 
(data) 
output 
pins. 
This 
information 
is a parallel 
12-bit 
complemented 
binary 


representation 
of the converted 
analog 
signal. 
All data 
is valid when 
"Conversion 
Com- 


plete" 
goes low. 
Logic levels are ground 
and V+ 


Start 
Conversion 
is a logic input 
which 
causes 
synchronous 
reset 
of the successive 
approx- 


imation 
register 
and initiates 
conversion. 
Logic levels are ground 
and V+ 


"Conversion 
Complete" 
is a digital 
output 
signal which 
indicates 
the status 
of the con- 


verter. 
When 
CC is high, 
conversion 
is taking 
place, 
when 
low conversion 
is completed. 


Logic levels are ground 
and V+ 


R27 and 
R28 are two 
application 
resistors 
connected 
to the comparator 
non-inverting 


input. 
The 
resistors 
may 
be used 
in various 
modes 
of operation. 
Their 
nominal 
values 
are 


20 krl 
each. 
See Applications 
section. 


Non·inverting 
input 
of the analog 
comparator. 
This node 
is used 
in various 
configura· 


tions 
and for compensation 
of the loop. 
See Applications 
section. 


R25 and 
R26 are two 
application 
resistors 
that 
are tied 
internally 
to the 
inverting 
input 


of the comparator. 
Their 
nominal 
values 
are 200 
krl 
each. 
See Applications 


section. 
The 
R-2R 
ladder 
network 
will have the same 
temperature 
coefficient 
as these 


resistors. 


Negative 
supply 
voltage 
for bias of the analog 
comparator. 
Optionally 
may be grounded 


or operated 
with 
voltages 
to -20V. 


Ground 
for both 
digital 
and analog 
signals. 


V+ sets both 
maximum 
full scale and input 
and output 
logic levels. 


Comparator 
output. 


Clock 
is an input 
which 
causes 
the successive 
approximation 
(shift) 
register 
to advance 


through 
the conversion 
sequence. 
Logic levels are ground 
and V+ 


20 
V- 


21 
GND 


22 
V+(VREF) 


23 
CO 


24 
Cp 


2.1 
Power 
Supply 
Considerations 
and 
Decoupling 


Pin 22 
is both 
the 
positive 
supply 
and 
voltage 
reference 
input 
to the ADC121o, 
ADC1211. 
The 
magnitude 
of V+ 
determines 
the 
input 
logic 
"1" 
threshold 
and the output 


voltage 
from 
the 
CMOS 
SAR. 
The 
device 
will 
operate 
over 
a range 
of V+ from 
5V to 
15V. 
However, 
in order 
to preserve 
12-bit 
accuracy, 
V+ should 
be well regulated 
(0.01%) 
and 
isolated 
from 
external 
switching 
transients. 
It is therefore 
recommended 
that 
pin 
22 be decoupled 
with 
a 
4.7 
/IF 
tantalum 
capacitor 
in 
parallel 
with 
a 
0.1 /IF ceramic 
disc capacitor. 


The 
V- 
supply 
(pin 
20) 
provides 
negative 
bias 
for the 


FET 
comparator. 
Although 
pin 
20 may 
be grounded 
in 


some 
appl ications, 
it must 
be at least 
2V more 
negative 
than 
the 
most 
negative 
analog 
input 
signal. 
When 
a nega· 
tive 
supply 
is used, 
pin 
20 should 
also be bypassed 
with 


4.7 /IF in parallel 
with 
0.1 /IF. 


Grounding 
and 
circuit 
layout 
are 
extremely 
important 
in 
preserving 
12-bit 
accuracy. 
The 
user 
is advised 
to 


employ 
separate 
digital 
and 
analog 
returns, 
and to make 
these 
PC board 
traces 
as "heavy" 
as practical. 


2.2 
Short 
Cycle 
for Improved 
Conversion 
Time 
(Figure 
2) 


The 
ADC121o, 
ADC1211 
counting 
sequence 
may 
be 
truncated 
to 
decrease 
conversion 
time. 
For 
example, 
when 
using 
the 
ADC1211, 
2 clock 
intervals 
may 
be 


"saved" 
if 
lo·bit 
conversion 
accuracy 
is taking 
place. 


The 
02 
output 
should 
be "OR'd" 
with 
CONVERSION 


COMPLETE 
(CCI 
in 
order 
to 
ensure 
that 
the 
register 
does 
not 
lock-up 
upon 
power 
turn·on. 


The 
ADC121o, 
ADC1211 
is intended 
to 
interface 
with 


CMOS 
logic 
levels: 
i.e., 
the 
logic 
inputs 
and 
outputs 


are directly 
compatible 
with 
series 
54C/74Cand 
CD4000 
family 
of 
logic 
components. 
The 
outputs 
of 
the 


ADC121o, 
ADC1211 
will 
not 
drive 
LPTTL, 
TTL 
or 
PMOS logic directly 
without 
degrading 
accuracy. 
Various 


recommended 
interface 
techniques 
are shown 
in Figures 


3and4. 


Several 
recommended 
operating 
configurations 
are 
shown 
in Figure 5. 
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2.5 Offset and Full Scale Adjust 


A 
variety 
of 
techniques may be employed 
to adjust 


Offset 
and Full Scale on the ADC1210, 
ADC1211. 
A 


straight·forward 
Full 
Scale Adjust 
is to 
incrementally 
vary 
V+ 
(VREF) 
to 
match the analog input 
voltage. 
A 
recommended technique 
is shown in Figure 
6. An 


LM199 
and low 
drift 
op amp (e.g., the LH0044) 
are 
used to provide 
the precision 
reference. 
The ADC1210, 
ADC1211 
is put 
in the continuous 
convert 
mode by 


shorting 
pins 
13 and 14. An analog voltage equal to 
VREF minus 1 1/2 LSB (10.23625V) 
is applied to pins 
18 and 19, and R1 is adjusted until 
the LSB flickers 
equally 
between logic "1" 
and logic "0" 
(all other out· 


puts must be stable logic "0"). 
Offset Null 
is accom· 


plished by then applying an analog input voltage equal 
to 1/2 LSB at pins 18 and 19. R2 is adjusted until 
the 


LSB 
output 
flickers 
equally 
between 
logic 
"1" 
and 


logic "0" 
(all other 
bits are stable). In the circuit 
of 


Figure 
6, 
the ADC1210, 
ADC1211 
is configured 
for 


Complementary 
Binary logic and the values shown are 


for V+ = 10.240V, VFS = 10.2375V, LSB = 2.5 mV. 


An alternate 
technique 
is shown in Figure 
7. In this 
instance, an LH0071 
is used to provide the reference 


voltage. An analog input voltage equal to VREF minus 
1 1/2 LSB (10.23625V) 
is applied to pins 18 and 19. 
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15V 


R1 
is adjusted 
until 
the 
LSB output 
flickers 
equally 


between logic "1" 
and logic "0" 
(all other outputs must 
be a stable logic "0"). 
For Offset Null, an analog voltage 
equal to 
1/2 LSB (1.25 mY) is then applied to pins 18 


and 19, and R2, is adjusted until the LSB output 
flickers 
equally between logic "1" 
and "0". 


15V.,l 


'''1 


-15V 


FIGURE 
7. Offset and Full-Scale Adjustment 
Technique 
Using lH0071 


In both techniques shown, adjusting the Full-Scale first 
and then Offset minimizes 
adjustment 
interaction. 
At 
least 
one 
iteration 
is recommended 
as a self-check. 


2.6 Start Pulse Considerations 


To assure reliable conversion accuracy, the START 
(SC) 
pulse applied to pin 13 of the ADC1210 
should be syn- 
chronized 
to the conversion clock. 
One simple way to 
do that is the circuit 
shown in Figure 8. Note that once 
a conversion cycle is initiated, 
the START signal cannot 
effect the conversion operation until it is completed. 
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The circuit 
insures that 
in no case 
can the ADC1210 
make an error 
in the Most Significant 
Bit 
(MSB) deci- 


sion. Without 
the circuit, 
it is possible for energy from 
the trailing 
edge of an asynchronous START pulse to be 


coupled 
into 
the ADC121 D's comparator. 
If the analog 


input 
is near half·scale, the charge injected can force an 
error 
in the MSB decision. The circuit 
allows one clock 
period for this energy to dissipate before the decision is 
recorded. 


2.7 ADC1210 Conversion at 26 fJ.S 


The ADC1210 
can run at 500 kHz clock frequency, 
or 


12·bit conversion time of 26 fJ.s(Figure 9). The compara- 
tor output 
is clamped low until 
the successive approxi· 
mation 
register (SA R) is ready to strobe in the data at 
the 
rising 
edge of 
the 
conversion 
clock. 
Comparator 
oscillation 
is suppressed and kept from 
influencing 
the 


conversion 
decisions, eliminating 
the need for the AC 
hysteresis circuit 
above clock frequency of 65 kHz that 
is recommended. 


FIGURE 
9. Conversion 
at 26 
J.l.S 


A complementary 
phased clock 
is required. 
The posi· 


tive 
phase is used to 
clock 
the converter 
SAR 
as is 
normally 
the case. The same signal is buffered 
and in- 


verted by the transistor. The open collector 
is wire-ORed 
to the output 
of the comparator. During the first half of 
the clock cycle (50% duty cycle), the comparator output 
is clamped and disabled, though its internal operation is 
still 
in normal working 
order. The last half cycle of the 


clock 
unclamps the comparator 
output. 
Thus, the out- 
put is permitted to slew to the final logic state just before 
the decision 
is logged into the SAR. The MM74C906 
buffer 
(or with two inverting 
buffers) provides adequate 


propogation 
delay 
such that 
the 
comparator 
output 
data is held long enough to resolve any internal logic set- 
up time requirements. 


Resolution: 
The 
Resolution 
of an AID 
is an expression 


of 
the 
smallest 
change 
'in 
input 
which 
will 
increment 


(or 
decrement) 
the 
output 
from 
one 
code 
to 
the 
next 


adjacent 
code. 
It 
is defined 
in 
number 
of 
bits, 
or 
1 


part 
in 2n. The 
ADC1210 
and 
ADC1211 
have 
a resolu- 


tion 
of 12 bits or 1 part 
in 4,096 
(0.0244%1. 


Ouantization 
Uncertainty: 
Quantization 
Uncertainty 
is 


a direct 
consequence 
of the 
resolution 
of the converter. 


All 
analog 
voltages 
within 
a given 
range 
are represented 


by 
a single 
digital 
output 
code. 
There 
is, therefore, 
an 
inherent 
conversion 
error 
even 
for 
a perfect 
AID. 
As an 


example, 
the 
transfer 
characteristic 
of 
a perfect 
3-bit 


AID 
is shown 
in Figure 
10_ 
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As can 
be 
seen, 
all 
input 
voltages 
between 
OV and 
1V 


are 
represented 
by 
an 
output 
code 
of 
000. 
All 
input 


voltages 
between 
1V 
and 
2V 
are 
represented 
by 
an 


output 
code 
of 001, 
etc. 
If the 
midpoint 
of the range 
is 


assumed 
to 
be the 
nominal 
value 
(e.g., 0.5V), 
there 
is an 


Uncertainty 
of 
±1/2 
LSB. 
It 
is common 
practice 
to 


offset 
the 
converter 
112 LSB 
in 
order 
to 
reduce 
the 


Uncertainty 
to 
±1/2 
LSB is shown 
in Figure 
11, rather 


than 
+1, 
-0 
shown 
in Figure 
10. Quantization 
Uncer- 


tainty 
can 
only 
be 
reduced 
by 
increasing 
Resolution. 
It is expressed 
as ±1/2 
LSB or as an error 
percentage 
of 


full scale 
(±0.0122% 
FS for the ADC121 
01. 


111 
\ULLISCA!'r- 


110 
I 
101 
I 
~ 100 


011 
I 


~ 010 
I 


RANr 
MI1OPOI1NT 
Q 
I 
00'- 
I- 


112lSB 
OFFSET I 
I 


000 


Linearity 
Error: 
Linearity 
Error 
is the 
maximum 
devia- 


tion 
from 
a straight 
line passing 
through 
the 
end 
points 
of 
the 
AID 
transfer 
characteristic. 
It is measured 
after 


calibrating 
Zero 
and 
Full 
Scale 
Error. 
The 
Linearity 
Error 
of 
the 
ADC1210 
is guaranteed 
to 
be 
less than 


±112 
LSB 
or 
±0.0122% 
of 
FS and 
±0.0488% 
of FS for 


the 
AD1211. 
Linearity 
is a performance 
characteristic 
intrinsic 
to the device 
and cannot 
be externally 
adjusted. 


along 
the 
abscissa. 
Any 
voltage 
more 
negative 
than 
the 


LSB transition 
gives an output 
code 
of 000. 
In practice, 


therefore, 
the 
voltage 
at which 
the 000 
to 001 transition 


takes 
place 
is ascertained, 
this 
input 
voltage's 
departure 


from 
the 
ideal 
value 
is defined 
as the 
Zero 
Scale 
Error 


(Offset) 
and 
is expressed 
as a percentage 
of 
FS. 
In the 


example 
of 
Figure 
12, the 
offset 
is 2 LSB's 
or 0,286% 


of FS. 
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The 
Zero 
Scale 
Error 
of 
the 
ADC1210, 
ADC1211 
is 


caused 
primarily 
by 
offset 
voltage 
in the 
comparator. 


Because 
it is common 
practice 
to offset 
the AID 
112 LSB 


to minimize 
Quantization 
Error, 
the offsetting 
techniques 


described 
in 
the 
Applications 
Section 
may 
be 
used 
to 


null 
Zero 
Scale 
Error 
and 
accomplish 
the 
1/2 
LSB 


offset 
at the same 
time. 


Full 
Scale 
Error 
(or 
Gain 
Error!: 
Full 
Scale 
Error 
is a 


measure 
of 
the 
difference 
between 
the 
output 
of 
an 


ideal 
AID 
converter 
and 
the 
actual 
AID 
for 
an 
input 


voltage 
equal 
to 
full 
scale. 
As shown 
in Figure 
13, the 


Full 
Scale 
Error 
effect 
is to 
rotate 
the 
transfer 
charac- 


teristic 
angularly 
about 
the 
origin. 
Any 
voltage 
more 


positive 
than 
the 
Full 
Scale 
transition 
gives 
an 
output 


code 
of 
111. 
In practice, 
therefore, 
the voltage 
at which 


the 
transition 
from 
111 
to 
110 
occurs 
is ascertained. 


The 
input 
voltage's 
departure 
from 
the 
ideal 
value 
is 


defined 
as 
Full 
Scale 
Error 
and 
is expressed 
as a per· 


centage 
of 
FS. 
In the 
example 
of Figure 
13, Full 
Scale 


Error 
is 1 112 LSB's, 
or 0.214% 
of FS. 
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Full 
Scale 
Error 
of 
the 
ADC1210, 
ADC1211 
is due 


primarily 
to 
mismatch 
in 
the 
R-2R 
ladder 
equivalent 


output 
impedance 
and 
input 
resistors 
R25, 
R26, 
R27, 


and 
R28. 
The 
gain 
error 
may 
be 
adjusted 
to 
zero 
as 


outlined 
in section 
2.5. 


Monotonicity 
and 
Missing Codes: Monotonicity 
is a 


property 
of 
a D/A 
which 
requires 
an increasing 
or 


constant 
output 
voltage for 
an increasing digital 
input 


code. 
Monotonicity 
of 
a D/A 
converter 
does not, 
in 
itself, 
guarantee that 
an A/D 
built 
with 
that 
D/A will 


not 
have missing codes. However, 
the 
ADC1210 
and 


ADC1211 
are guaranteed 
to 
have no 
missing codes. 


Conversion Time: The ADC1210, 
ADC1211 
are succes- 


sive approximation 
A/D 
converters requiring 
13 clock 


intervals for 
a conversion 
to specified accuracy for the 


ADC1210 
and 
11 clocks 
for 
the 
ADC1211. 
There is 


a trade-off 
between accuracy and clock 
frequency due 


to 
settling 
time 
of 
the 
ladder and propagation 
delay 


th rough the comparator. 
By modifying 
the hysteresis 


network 
around 
the comparator, 
conversions with 
10- 
bit 
accuracy can be made in 30 IlS. 
Replace RA, RB 


and CA 
in Figure 
5 with 
a 10 MQ 
resistor 
between 


pin 
23 (Comparator 
Output) 
and pin 
17 (+ IN), and 


increase the clock rate to 366 kHz. 


In order to prevent errors during conversion, the analog 
input voltage should not be allowed to change by more 
than 
±1/2 
LSB. This places a maximum 
slew rate of 


12.5 IlV /Ils on the analog input voltage. The usual solu· 
tion to this restriction 
is to place a Sample and Hold in 


front 
of 
the 
A/D. 
For additional 
application 
infor- 


mation, refer to application 
note AN245. 


~National 
~ 
Semiconductor 


DAcoaoo, DAcoao1, DAcoa02 a·Bit 
Digital·to·Analog Converters 


General 
Description 


The 
DAC0800 
series are monolithic 
8·bit 
high·speed 


current-output 
digital·to·analog 
converters (DAC) featur- 
ing typical 
settling times of 100 ns. When used as a mul- 


tiplying 
DAC, monotonic 
performance 
over a 40 to 1 
reference current 
range is possible. The DAC0800 series 
also features 
high compliance 
complementary 
current 
outputs 
to allow differential 
output 
voltages of 20 Vp·p 
with 
simple 
resistor 
loads as shown 
in Figure 
1. The 


reference·to·full·scale 
current 
matching 
of 
better 
than 
±1 
LSB 
eliminates 
the 
need 
for 
full-scale 
trims 
in 
most 
applications 
while 
the 
nonlinearities 
of 
better 
than 
±0.1% over temperature 
minimizes 
system error 
accumulations. 


The 
noise immune 
inputs 
of the DAC0800 
series will 
accept TTL levels with the logic threshold pin, V LC pin 1 
grounded. 
Simple 
adjustments 
of 
the 
VLC 
potential 
allow direct 
interface to all logic families. The perform· 


ance and characteristics 
of the device are essentially un- 
changed over the full 
± 4.5V 
to 
±18V 
power 
supply 
range; power dissipation 
is only 33 mW with 
± 5V sup- 
plies and is independent of the logic input states. 


The DAC0800, 
DAC0802, 
DAC0800C, 
DAC0801 C and 
DAC0802C 
are a direct 
replacement 
for the DAC-08, 
DAC-08A, 
DAC·08C, 
DAC·08E 
and 
DAC·08H, 


respectively. 


100 ns 


±1 LSB 


±0.1% 


±10 ppmfC 


-lOV 
to +18V 


• 
Fast settling output 
current 


• 
Full scale error 


• 
Nonlinearity 
over temperature 


• 
Full scale current drift 


• 
High output 
compliance 


• 
Complementary 
current outputs 


• 
Interface 
directly 
with 
TTL, 
CMOS, 
PMOS 
and 
others 


• 
2 quadrant wide range multiplying 
capability 


• 
Wide power supply range 
±4.5V to ±18V 


• 
Low power consumption 
33 mW at ±5V 


• 
Low cost 


NON LINEARITY 


to. 1% FS 
to.1% FS 
to.19% FS 
to.19% FS 
to.39% FS 


TEMPERATURE 
RANGE 


-55°C~TA~+125°C 
0°C~TA~+70°C 
-55°C ~ TA ~ + 125°C 
O°C~ TA ~+70°C 
O°C~TA 
~+70°C 


THRESHOLD 
1 
CONTAOl. VlC 
• 


'OUT 


16 
COMPENSATION 


15 VAEF(_) 


14 VREF(+) 


13 v+ 


12 88 lSB 


11 81 


'°86 


Absolute 
Maximum 
Ratings 
Operating Conditions 


Supply 
Yoltage 
±18Y 
or 36Y 
MIN 
MAX 
UNITS 
Power Dissipation (Note 1) 
500mW 
Temperature 
ITA) 
Reference Input 
Differential 
Voltage (V14 to V15) 
V- 
to V+ 
DAC0802L 
-55 
+125 
°c 
Reference Input Common·Mode 
Range (V14. V15) 
V-to 
V+ 
DAC0800L 
-55 
+125 
°c 


Reference Input Current 
5mA 
DAC0800LC 
0 
+70 
°c 


Logic Inputs 
Y- 
to Y- 
plus 36Y 
DAC0801 
LC 
0 
+70 
°c 


Analog 
Current 
Outputs 
Figure 24 
DAC0802LC 
0 
+70 
°c 
Storage Temperature 
--B5°C 
to +150°C 
Lead Temperature (Soldering, 10 seconds) 
300°C 


Electrical 
Characteristics 
(Vs = ±15V, 
IREF = 2 mA, TMIN 
-::;TA -::;TMAX 
unless otherwise specified. 


Output 
characteristics 
refer to both lOUT and lOUT·) 


DAC0802L1 
DAC08ooL/ 
DACD801LC 
PARAMETER 
CONDITIONS 
DACOB02LC 
DACOBooLC 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Resolution 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Bits 


Monotonicity 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Bits 


Nonlinearity 
±O.l 
±0.19 
±O.39 
%FS 


ts 
Settling 
Time 
To ±1/2 
LS8, 
All 
Bits 
Switched 
100 
135 
100 
150 
ns 


"ON" 
or "OFF", 
T A = 25°C 


DAC0800L 
100 
135 
ns 


DAC0800LC 
100 
150 
ns 


tPLH. tPHL 
Propagation 
Delay 
TA"'2SoC 


Each 
Bit 
35 
60 
35 
60 
35 
60 
ns 


All 
Bits Switched 
35 
60 
35 
60 
35 
60 
ns 


TCIFS 
Full 
Scale Tempco 
±lQ 
±50 
±10 
±50 
±10 
±80 
ppmfC 


VOC 
Output 
Voltage 
Compliance 
Full 
Scale Current 
Change 
-10 
18 
-10 
18 
-10 
18 
V 


< 1/2 LS8. ROUT> 
20 Mil Typ 


IFS4 
Full 
Scale Current 
VREF = 10.0OOV. R14 = 5.000 kil 
1.984 
1.992 
2.000 
1.94 
1.99 
2.04 
1.94 
1.99 
2.04 
mA 


R15 = 5.000 kil. TA = 25°C 


IFSS 
Full 
Scale Symmetry 
IFS4 - 
'FS2 
±0.5 
±4.0 
±1 
±8.0 
±2 
±16 
pA 


IZS 
Zero 
Scale Current 
0.1 
1.0 
0.2 
2.0 
0.2 
4.0 
pA 


IFSR 
Output 
Current 
Range 
V- 
= -5V 
0 
2.0 
2.1 
0 
2.0 
2.1 
0 
2.0 
2.1 
mA 


V- 
'" -BV 
to -18V 
0 
2.0 
4.2 
0 
2.0 
4.2 
0 
2.0 
4.2 
mA 


Logic 
Input 
Levels 


V,L 
Logic 
"0" 
VLC = OV 
0.8 
0.8 
0.8 
V 


VIH 
Logic 
"1" 
2.0 
2.0 
2.0 
V 


Logic 
Input 
Current 
VLC = OV 


IlL 
Logic 
"0" 
-10V$VIN$+0.8V 
-2.0 
-10 
-2.0 
-10 
-2.0 
-10 
pA 


IIH 
Logic 
"1" 
2V $ VIN $ +18V 
0.002 
10 
0.002 
10 
0.002 
10 
pA 


VIS 
Logic 
Input 
Swing 
V--=-15V 
-10 
18 
-10 
18 
-10 
18 
V 


VTHR 
Logic 
Threshold 
Range 
VS"" 
±15V 
-10 
13.5 
-10 
13.5 
-10 
13.5 
V 


115 
Reference 
Bias Current 
-1.0 
-3.0 
-1.0 
-3.0 
-1.0 
-3.0 
pA 


dl/dt 
Reference 
Input 
Stew Rate 
(Figure 
24) 
4.0 
8.0 
4.0 
8.0 
4.0 
8.0 
mA/J,l.s 


PSSIFS+ 
Power Supply 
Sensitivity 
4.5V $ V+ $ 18V 
0.0001 
0.01 
0.0001 
0.01 
0.0001 
0.01 
%/% 


PSSIFS_ 
-4.5V 
$ V- 
-;::18V 
0.0001 
0.01 
0.0001 
0.01 
0.0001 
0.01 
%/% 


IREF'" 
1 mA 


Power Supply 
Current 
VS"'±5V, 
IREF'" 
1 mA 
1+ 
2.3 
3.8 
2.3 
3.8 
2.3 
3.8 
mA 


1- 
-4.3 
-5.8 
-4.3 
-5.8 
-4.3 
-5.8 
mA 


V5 = 5V. -15V. 
IREF = 2 mA 


1+ 
2.4 
3.8 
2.4 
3.8 
2.4 
3.8 
mA 
1- 
-1;.4 
-7.8 
-1;.4 
-7.8 
-1;.4 
-7.8 
mA 


VS'" 
±15V, 
IREF 
'" 2 mA 
1+ 
2.5 
3.8 
2.5 
3.8 
2.5 
3.8 
mA 
1- 
-1;.5 
-7.8 
-1;.5 
-7.8 
-1;.5 
-7.8 
mA 


PD 
Power Dissipation 
±5V.If\£F 
= 1 mA 
33 
48 
33 
48 
33 
48 
mW 


5V, -15V, 
IREF 
'" 2 mA 
108 
136 
108 
136 
108 
136 
mW 


±15V, 
IREF 
'" 2 mA 
135 
174 
135 
174 
135 
174 
mW 


Note 
1: 
The 
maximum 
junction 
temperature 
of 
the 
DAC0800, 
DAC0801 
and 
DAC0802 
is 12S 


QC. 
For 
operating 
at elevated 
temperatures, 
devices 


in 
the 
dual-in-line 
J or 
0 
package 
must 
be 
derated 
based 
on 
a thermal 
resistance 
of 
100°C/W, 
junction 
to 
ambient, 
17ftC/W 
for 
the 
molded 
dual- 
in-line 
N package. 
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Curve 1: Cc = 15 pF, VIN 
= 2 Vp-p 
FIGURE 
3 
FIGURE 4 
centered 
at 1V. 


Curve 2: Cc = 15 pF, VIN 
= 50 mVp-p 
centered at 200 mV. 


Curve 3: Cc = a pF, VIN 
= 100 mVp-p 
at OV and applied 
through 
50 n con- 
nected to pin 14. 2V applied to R14. 


FIGURE 
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Note. 
Positive common·mode 
range is 
FIGURE 
7 
FIGURE 
8 
always IV+) - 
1.5V. 
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FIGURE 9 
FIGURE 
10 
Not •. B1-B8 
have 
identical 
transfer 
characteristics. 
Bits 
are 
fuily 
switched 


with 
less than 
1/2 
LSB error, 
at Jess than 


±100 
mV 
trom 
actual 
threshold. 
These 


switching 
points 
are 
guaranteed 
to 
lie 


between 
0.8 
and 
2V 
over 
the 
operating 


temperature 
range 
(VLC = OV). 


FIGURE 
11 
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0.000 
-9.960 
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FIGURE 
18. Basic Unipolar 
Negative Operation 
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0 
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1 
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For complementary 
output 
(operation as negative logic DAC), con· 
nect inverting input of op amp to TO (pin 2), connect 10 (pin 4) 
to ground. 


For complementary 
output 
(operation 
as a negative logic DAC) 
con· 


neet 
non-inverting 
input 
of op amp to TO 
(pin 2); 
connect 
10 
(pin 4) to ground. 


FIGURE 
22. Negative 
Low 
Impedance 
Output 
Operation 
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Note. For 1 p.s conversion time with a-bit 
resolution and 7-bit 
accuracy, 
an 
LM361 
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reference current 
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R1, 
R2 and R3 to 
2.5 kl1 and R4 to 2 Ml1. 
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General 
Description 


The 
DAC0808 
series is an 8-bit 
monolithic 
digital-to- 


analog 
converter 
(DAC) 
featuring 
a full 
scale output 


current 
settling 
time 
of 
150 ns while 
dissipating 
only 


33 mW with 
±5V supplies_ No reference current 
(I REF) 


trimming 
is required for most applications 
since the full 


scale output 
current 
is typically 
±1 LSB of 255 IREFI 
256. 
Relative 
accuracies of better 
than ±0.19% assure 


8-bit monotonicity 
and linearity 
while zero level output 


current 
of 
less than 4 IlA 
provides 8-bit 
zero accuracy 


for 
IREF 2 2 mA. The power supply 
currents 
of the 
DAC0808 
series are 
independent 
of 
bit 
codes, 
and 


exhibits 
essentially 
constant 
device characteristics 
over 


the entire supply voltage range. 


• 
Relative 
accuracy: 
±0.19% 
error 
maximum 
(DAC0808) 


• 
Full scale current match: ±1 LSB typ 


• 
7 and 6-bit accuracy available (DAC0807, 
DACOS06) 


• 
Fast settling time: 
150 ns typ 


• 
Noninverting 
digital 
inputs 
are 
TTL 
and 
CMOS 


compatible 


• 
High speed multiplying 
input slew rate: S mAills 


• 
Power supply voltage range: ±4.5V to ±1SV 


• 
Low power consumption: 
33 mW @ ±5V 


The DACOS08 will 
interface directly 
with popular TTL, 


DTL 
or CMOS logic levels, and is a direct 
replacement 


for the MC150S/MC140S. 
For higher speed applications, 


see DACOSOOdata sheet. 
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COMPENSATION 
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VREFH 


14 
VREF(+1 


13 V.cc 


12 A' lSB 


11 A7 
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AS 
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AJ 
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AS 


A1 


LSB A8 


ACCURACY 
OPERATING 
TEMPERATURE 
ORDER 
NUMBERS' 
RANGE 
D PACKAGE 
(DI6C) 
J PACKAGE 
(JI6AI 
N PACKAGE 
(NI6A) 


8-bit 
-55°C 
~ T A $ +125°C 
DACOBOBLD 
MCI50BLB 


B-bit 
O°C$TA$+7SoC 
DACOBOBLCJ 
MC140BLB 
DACOBOBLCN 
MC140BPB 


7-bit 
O°C$TA$+7SoC 
DACOB07LCJ 
MC140BL7 
DACOB07LCN 
MC140BP7 


6·bit 
O°C$TA$+7SoC 
DACOB06LCJ 
MC140BL6 
DACOB06LCN 
MC140BP6 


M.I-IPIII::U 
VUliJUl 
VVllCl~I::. 
VU 
.. 
w Ul"..~"" 
.•.••• 
LJl" 
---- 


~5°C·to 
+150°C 
Reference 
Current, 
114 
5mA 
Storage Temperature 
Range 


Reference 
Amplifier 
Inputs, 
V14, 
V15 
VCC. VEE 


Electrical 
Characteristics 


(VCC 
= 5V. 
VEE 
= -15 
VOC. 
VREF/R14 
= 2 mA. 
OAC0808: 
TA = _55°C 
to 
+125°C. 
DAC0808C, 
DAC0807C, 


OAC0806C, 
TA = O°C to +75°C, 
and all digital 
inputs 
at high logic level unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


E, 
Relative Accuracy (Error Relative 
(Figure 4) 
% 


to Full Scale 10) 


OAC0808L 
(LM150B·81, 
±0.19 
% 


OAC080BLC (LM1408·8) 


DAC0807LC 
(LM1408·7J, 
(Note 1) 
±0.39 
% 


DAC0806LC 
(LM1408·6J, 
(Note 1) 
±0.78 
% 


Settling Time to Within '/2 
LSB 
TA = 25°C (Note 2), 
150 
ns 


(Includes tPLH) 
(Figure 5) 


tPLH, 
Propagation Delay Time 
TA = 25°C, (Figure 5) 
30 
100 
ns 


tPH~ 


TCIO 
Output Full Scale Current Drift 
±20 
ppmfC 


MS8 
Digital Input Logic Levels 
(Figure 3) 


VIH 
High Level,Logic "'" 
2 
Voe 


VIL 
Low Level,Logic "0" 
0.8 
VDe 


MS8 
Digital Input Current 
(Figure 3) 


High Level 
VIH = 5V 
0 
0.040 
mA 


Low Level 
VIL=0.8V 
-0.003 
-O.B 
mA 


115 
Reference Input Bias Current 
(Figure 3) 
-1 
-3 
IJ.A 
~ 
Output Current Range 
(Figure 3) 


VEE = -5V 
0 
2.0 
2.1 
mA 


VEE = -15V, 
TA = 25°e 
0 
2.0 
4.2 
mA 


10 
Output Current 
VREF = 2.000V, 


R14 = lOOOf!, 


(Figure 3) 
1.9 
1.99 
2.1 
mA 


Output Current. All Bits Low 
(Figure 3) 
0 
4 
IJ.A 


Output Voltage Compliance 
E,:O;0.19%, TA = 25°C 


Pin' 
Grounded, 
-0.55, 
+0.4 
VOC 


VEE Below -10V 
-5.0, 
+0.4 
VOC 


SRI REF 
Reference Current Slew Rate 
(Figure 6) 
4 
8 
mAills 


Output Current Power Supply 
-5V:O; VEE:O; -16.5V 
0.05 
2.7 
IJ.AIV 


Sensitivity 


Power Supply Current (All Bits 
(Figure 3) 


Low) 


Ice 
2.3 
22 
mA 


lEE 
-4.3 
-13 
mA 


Power Supply Voltage Range 
TA = 25°C. (Figure 3) 


VCC 
4.5 
5.0 
5.5 
VOC 


VEE 
-4.5 
-15 
-16.5 
VDC 


Power Dissipation 


All Bits Low 
Vee = 5V, VEE = -5V 
33 
170 
mW 


Vce 
= 5V. VEE = -15V 
106 
305 
mW 


All Bits High 
Vec 
= 15V, VEE = -5V 
90 
mW 


Vec 
= 15V, VEE = -15V 
160 
mW 


Note 1: 
All current 
switches are tested to guarantee at least 50% of rated current. 


Note 2: 
All bits switched. 


Note 3: 
Range control 
is not required. 
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Unless 
otherwise 
specified: 
R14 
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A15~1 
kn,C~15pF,p;n16toVEE; 


RL "" 50n, pin 4 to ground. 


Curve 
A: 
Large 
Signal 
Bandwidth 
Method of Figure 
7, VAEF 
~ 2 Vp-p 


offset 1 V above ground 


Curve 
B: Small 
Signal 
Bandwidth 
Method 
of 
Figure 
7, 
AL 
~ 
25011., 
VAEF 
~ 50 
mVp-p 
offset 
200 
mV 
above ground. 


Curve 
C: 
Large 
and 
Small 
Signal 
Bandwidth 
Method 
of Figure 9 
(no 


op 
amp, 
AL 
~ 
son), 
AS 
~ 
son, 


VAEF 
~ 2V, 
Vs 
~ 100 mVp-p 
cen- 
tered at OV. 
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FIGURE 
8. Negative 
VREF 


REFERENCE 
AMPLIFIER 
DRIVE 
AND 
COMPEN- 


SATION 


The reference amplifier 
provides a voltage at pin 14 for 


converting 
the 
reference 
voltage 
to 
a current, 
and a 


turn-around 
circuit 
or current 
mirror 
for 
feeding the 


ladder. The reference amplifier 
input current, 
114, must 


always flow 
into pin 14, regardlessof the set-up method 


or reference voltage polarity. 


Connections for a positive' voltage are shown in Figure 7. 
The 
reference voltage 
source supplies the full 
current 


[ VREF 
Vs 
] 
( 
) 
va 
= 
--- 
+ - 
A Ra 


R14 
RS 


to 
0>VO 


114. For bipolar reference signals, as in the multiplying 
mode, 
R15 can be tied 
to 
a negative voltage corres- 
ponding 
to 
the minimum 
input 
level. It is possible to 
eliminate 
R15 with 
only 
a small sacrifice in accuracy 


and temperature drift. 


The 
compensation 
capacitor 
value must 
be increased 


with 
increases in R14 to maintain 
proper phase margin; 


for 
R14 values of 1, 2.5 and 5 kn, minimum 
capacitor 


values are 15,37 
and 75 pF. The capacitor may be tied 
to 
either 
VEE 
or 
ground, 
but 
using VEE 
increases 


negative supply rejection. 


shown in Figure 
8. A high input 
impedance is the main 
advantage 
of 
this 
method. 
Compensation 
involves 
a 
capacitor 
to 
VEE 
on pin 
16, using the values of the 
previous paragraph. The negative reference voltage must 
be at least 4V 
above the 
VEE 
supply. 
Bipolar 
input 


signals may be handled by connecting 
R14 to a positive 


reference voltage equal to the peak positive input level 
at pin 15. 


When a DC reference voltage is used, capacitive bypass 
to ground 
is recommended. The 5V logic supply is not 


recommended as a reference voltage. If a well regulated 
5V supply which drives logic is to be used as the refer- 
ence, 
R14 
should 
be decoupled 
by connecting 
it to 
5V through 
another resistor and bypassing the junction 


of the 2 resistors with 0.1 /IF to ground. For reference 
voltages greater than 5V, a clamp diode is recommended 
between pin 14 and ground. 


If 
pin 
14 is driven 
by 
a high impedance such as a 


transistor 
current 
source, none of the above compensa- 
tion 
methods apply and the amplifier 
must be heavily 
compensated, decreasing the overall bandwidth. 


The voltage on pin 4 is restricted to a range of -0.6 
to 


0.5V 
when 
VEE = -5V 
due to the current 
switching 
methods employed in the DAC0808. 


The negative output voltage compliance of the DAC0808 
is extended to -5V 
where the negative supply voltage is 


more negative than -10V. 
Using a full-scale current of 


1.992 mA and load resistor of 2.5 kn 
between pin 4 


and ground 
will 
yield 
a voltage output 
of 
256 levels 
between 0 and -4.980V. 
Floating pin 1 does not affect 
the converter 
speed or power dissipation. 
However, the 
value of the load resistor determines the switching time 
due to 
increased voltage swing. Values of 
RL up to 


500n 
do 
not 
significantly 
affect 
performance, 
but 
a 


2.5 
kn 
load 
increases worst-case 
settling 
time 
to 


1.2 /lS (when all 
bits are switched 
ON). 
Refer to the 


subsequent 
text 
section 
on 
Settling 
Time 
for 
more 


details on output 
loading. 


The output 
current 
maximum 
rating of 4.2 mA may be 


used only 
for 
negative supply 
voltages more 
negative 


than -7V, 
due to the increased voltage drop across the 


resistors in the reference current amplifier. 


Absolute 
accuracy is the measure of each output current 
level with 
respect to its intended value, and is dependent 


upon 
relative 
accuracy 
and 
full-scale 
current 
drift. 


Relative accuracy is the measure of each output current 
level as a fraction 
of the full-scale current. The relative 


accuracy of 
the DAC0808 
is essentially constant with 


temperature 
due to the excellent 
temperature 
tracking 


IIIQy 
UllIl 
WI{n 
Iemperature. 
causing 
a change 
in the 
absolute 
accuracy 
of 
output 
current. 
However, 
the 


DAC0808 
has a very 
low 
full-scale current 
drift 
with 


temperature. 


The DAC0808 
series is guaranteed accurate to within 


±1/2 
LSB at a full-scale output 
current 
of 
1.992 mA. 


This corresponds to a reference amplifier 
output current 


drive to the ladder network 
of 2 mA, with the loss of 
1 LSB (8 /lAI 
which is the ladder remainder shunted to 


ground. The input 
current 
to pin 
14 has a guaranteed 


value of between 1.9 and 2.1 mA, allowing 
some mis- 


match in the NPN current source pair. The accuracy test 
circuit 
is shown 
in Figure 
4. The 
12-bit 
converter 
is 
calibrated 
for 
a full-scale output 
current 
of 1.992 mA. 


This is an optional 
step since the DAC0808 
accuracy is 
essentially the same between 1.5 and 2.5 mA. Then the 
DAC0808 
circuits' 
full-scale current 
is trimmed 
to the 
same value with 
R14 so that a zero value appears at the 
error amplifier 
output. 
The counter 
is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 


Two 
8-bit 
D-to-A 
converters 
may 
not 
be 
used 
to 
construct 
a 16-bit 
accuracy 
D-to-A 
converter. 
16-bit 
accuracy 
implies 
a total 
error 
of ±1/2 
of one part in 


65,536, 
or ±0.00076%, 
which 
is much more accurate 


than 
the 
±0.019% 
specification 
provided 
by 
the 


DAC0808. 


The 
DAC0808 
may be used in the multiplying 
mode 
with 8-bit accuracy when the reference current is varied 
over a range of 256: 1. If the reference current 
in the 


multiplying 
mode 
ranges from 
16 /lA 
to 
4 mA, 
the 


additional 
error contributions 
are less than 1.6 /lA. This 


is well within 
8-bit accuracy when referred to full-scale. 


A monotonic 
converter is one which supplies an increase 


in 
current 
for 
each 
increment 
in 
the 
binary 
word. 


Typically, 
the DAC0808 
is monotonic 
for all values of 
reference 
current 
above 0.5 
mA. 
The 
recommended 


range for operation with a DC reference current is 0.5 to 
4mA. 


The 
worst-case 
switching 
condition 
occurs 
when 
all 


bits are switched ON, which corresponds to a low-to-high 
transition 
for 
all 
bits. 
This 
time 
is typically 
150 ns 


for 
settling 
to 
within 
±1/2 
LSB, for 
8-bit 
accuracy, 


and 100 ns to 
1/2 LSB for 
7 and 6·bit 
accuracy. The 


turn 
OFF 
is typically 
under 100 ns. These times apply 
when RL":: 500n 
and CO":: 25 pF. 


Extra care must be taken in board layout 
since this is 


usually 
the dominant 
factor 
in satisfactoy 
test results 


when 
measuring 
settling 
time. 
Short 
leads, 100 /IF 
supply 
bypassing for 
low 
frequencies, 
and minimum 


scope lead length are all mandatory. 


~National 
~ 
Semiconductor 


MICRO-DAC™ DAC0830/0831/0832 
8-Bit IJP Compatible, Double-Buffered D to A Converters 


General 
Description 


The DAC0830 
is an advanced 
CMOS/Si-Cr 
8-bit 
multiply- 
ing 
DAC 
designed 
to 
interface 
directly 
with 
the 
8080, 


8048, 8085, Z-80, and 
other 
popular 
microprocessors. 
A 
deposited 
silicon-chromium 
R-2R resistor 
ladder 
network 
divides 
the 
reference 
current 
and 
provides 
the 
circuit 
with 
excellent 
temperature 
tracking 
characteristics 
(0.05% 
of Full Scale 
Range 
maximum 
linearity 
error over 
temperature). 
The circuit 
uses 
CMOS 
current 
switches 
and 
control 
logic 
to 
achieve 
low 
power 
consumption 
and 
low output 
leakage 
current 
errors. 
Special 
circuitry 
provides 
TTL 
logic 
input 
voltage 
level 
compatibility. 


Double 
buffering 
allows 
these 
DACs to output 
a voltage 
corresponding 
to one digital 
word 
while 
holding 
the next 
digital 
word. 
This 
permits 
the simultaneous 
updating 
of 
any number 
of DACs. 


The DAC0830 
series 
are the 8-bit 
members 
of a family 
of 
microprocessor-compatible 
DAC's 
(MICRO-DAC'sTM). 


For 
applications 
demanding 
higher 
resolution, 
the 
DAC1000 
series 
(10-bits) 
and the DAC1208 
and DAC1230 


(12-bits) 
are available 
alternatives. 


CONTROL 
BUS 
C"S 


WR 


ILE· 


XFER 
M 
I 
C 
R 
o 
~ 
~DATABUS 


S 


cs 
,- 


WR, 
AGND 


01, 


01, 


01, 
010(LSB) 


VREF 


Rib 


DGND 
'0 


• 
Double-buffered, 
single-buffered 
or flow-through 
digital 
data 
inputs 


• 
Easy 
interchange 
and 
pin-compatible 
with 
12-bit 
DAC1230 
series 


• 
Direct 
interface 
to all popular 
microprocessors 


• 
Linearity 
specified 
with 
zero 
and 
full 
scale 
adjust 
only-NOT 
BEST STRAIGHT 
LINE 
FIT. 


• 
Works 
with 
±10V 
reference-fuIl4-quadrant 
multipli- 


cation 


• 
Can 
be used 
in the voltage 
switching 
mode 


• 
Logic 
inputs 
which 
meet 
TTL voltage 
level specs 
(1.4V logic 
threshold) 


• 
Operates 
"STAND 
ALONE" 
(without 
IlP) if desired 


• 
Current 
settling 
time 


• 
Resolution 


• 
Linearity 
(guaranteed 
over 
temp.) 


• 
Gain Tempco 


• 
Low power 
dissipation 


• 
Single 
power 
supply 


11lS 


8-bits 


8,9, 
or 10 bits 


0.0002% 
FS/oC 


20mW 


5t015Voc 


20 
Vcc 


'9 
I" (BYTElIllY"mlt 


'8 
WR2 
17 
XFER 


DACD830 16 
01, 


D_C083' 
tTHISISNECESSARY 
DAC0832 '5 
01, 
FORTHE12-BIT 
14 
01, 
OAC1230 
SERIES 
TO 
PERMIT 
INTERCHANGING 
13 
017(MS8) 
FROMAN8-BITTOA 
12 
InuT2 
, 


11 
!nUll 


8-133 


N 
('I) 
Absolute Maximum Ratings (Notes 
1 and 2) 
Operating Ratings 
CO0 
Supply 
Voltage 
(Vccl 
17Voc 
Temperature 
Range 
0 
Voltage 
at any digital 
input 
Vcc to GND 
Part numbers 
with 
'LCN' 
suffix 
0·Ct070·C 
« 
Voltage 
at VREF input 
±25V 
Part numbers 
with 
'LCD' 
suffix 
-40·Cto 
+85·C 
C 
Storage 
temperature 
range 
-65·Cto 
+150·C 
Part numbers 
with 
'LD' Suffix 
-55·Cto 
+125·C 
- 
Package 
dissipation 
at TA = 25·C 
(Note 
3) 
500mW 
Voltage 
at any digital 
input 
VccTOGND 
.•.. 
('I) 
DC voltage 
applied 
to loun 
or IOUT2 
-100mVtoVcc 
CO 
(Note 
4) 
0 
Lead temperature 
(soldering, 
10 seconds) 
300·C 
0«c- 
0 
General Electrical Characteristics 
TA = 25·C, 
VREF= 10.000 Voc unless 
otherwise 
noted 
('I) 
CO 
Vcc = 12Voc ± 5% 
0 
See 
Vcc = 5Voc ± 5% 
0 
Parameter 
Conditions 
Note 
to 15Voc±5% 
Units 
« 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
C 
Resolution 
8 
8 
8 
8 
8 
8 
bits 


Li nearity 
Error 
Zero and full 
scale 
adjusted 
4,7 


TMIN < TA < TMAX 
6 
-10V", 
VREF'" 
+10V 
5 


DAC0830 
0.05 
0.05 
% of FSR 
DAC0831 
0.1 
0.1 
% of FSR 
DAC0832 
0.2 
0.2 
% of FSR 


Differential 
Zero and full 
scale 
adjusted 
4,7 
Nonlinearity 
TMIN < TA < TMAX 
6 


-10V", 
VREF'" 
+10V 
5 


DAC0830 
0.1 
0.1 
% of 
FSR 
DAC0831 
0.2 
0.2 
% of 
FSR 
DAC0832 
0.4 
0.4 
% of 
FSR 


Monotonicity 
TMIN < TA < TMAX 
4,6 


-10V", 
VREF'" 
+10V 
5 
8 
8 
8 
8 
8 
8 
bits 


Gain 
Error 
Using 
internal 
RIb 


-10V", 
VREF '" 
+10V 
5 
-1.0 
±0.2 
1.0 
-1.0 
±0.2 
1.0 
% of FS 


Gain 
Error 
Tempco 
TMIN < TA < TMAX 
6 


Using 
internal 
RIb 
10 
0.0002 
0.0006 
0.0002 
0.0006 
% of FS/·C 


Power 
Supply 
All digital 
inputs 
Rejection 
latched 
high 
Vcc = 14.5V to 15.5V 
0.0002 
% FSRIV 


11.5V to 12.5V 
0.0006 
% FSRIV 


4.5V to 5.5V 
0.0130 
% FSRIV 


Reference 
Input 
Resistance 
10 
15 
20 
10 
15 
20 
kQ 


Output 
Feedthrough 
VREF= 20Vp.p, f = 100 kHz 
Error 
All data 
inputs 
latched 
low 


D Package 
9 
3 
3 
mVp.p 


N Package 
3 
3 
mVp.p 


Output 
loun 
All data 
inputs 
70 
70 
pF 
Capacitance 
IOUT2 
latched 
low 
200 
200 
pF 


loun 
All data 
inputs 
200 
200 
pF 


IOUT2 
latched 
high 
70 
70 
pF 


Supply 
Current 
Drain 
TMIN'" 
TA'" 
TMAX 
6 
1.2 
2.0 
1.2 
2.0 
mA 


General Electrical Characteristics 
C 
TA = 25°C, 
VREF= 10.000VDC unless 
otherwise 
noted 
» 


Vcc = 12Voc ± 5% 
() 
See 
Vcc = 5Voc ± 5% 
0 
Parameter 
Conditions 
Note 
to 15Voc±5% 
Units 
CO 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
CN 
0- 
Output 
Leakage 
TMIN" 
TA" 
TMAX 
6 
C 
Current 
faun 
All data 
inputs 
» 
latched 
low 
11 
100 
100 
nA 
() 
IOUT2 All data 
inputs 
0 
latched 
high 
100 
100 
nA 
CO 


Digital 
Input 
TMIN" 
TA" 
TMAX 
6 
CN 
~ 


Voltages 
Low Level 
- 
LD suffix 
0.8 
0.6 
VDC 
C 
Parts with 
LCD or 
» 
LCN suffix 
0.8 
0.8 
VDC 
() 
High 
Level·AII 
Parts 
2.0 
2.0 
VDC 
0 


Digital 
Input 
TMIN" 
TA •• TMAX 
6 
CO 
CN 


Currents 
Digital 
inputs < 0.8V 
-50 
-200 
-50 
-200 
f'ADC 
N 
Digital 
inputs> 
2.0V 
0.1 
+10 
0.1 
+10 
f'ADC 


Current 
Settling 
ts 
VIL=OV, 
V1H=5V 
1.0 
1.0 
f'S 
Time 


Write 
and XFER 
tw 
VIL = OV, VIH = 5V, 
Pulse Width 
TA=25°C 
8 
320 
60 
320 
250 
ns 


TMIN •• TA •• TMAX 
10 
320 
100 
500 
350 
ns 


Data Set Up Time 
tDS 
VIL = OV, VIH = 5V, 


TA=25°C 
10 
320 
60 
320 
250 
ns 


TMIN" 
TA" 
TMAX 
320 
100 
500 
350 
ns 


Data Hold Time 
tDH 
VIL = OV, VIH = 5V 
TA=25°C 
10 
90 
50 
300 
200 
ns 


TMIN •• TA •• TMAX 
90 
60 
350 
260 
ns 


Control 
Set Up 
tcs 
VIL = OV, VIL = 5V, 
Time 
TA=25°C 
10 
320 
60 
320 
250 
ns 


TMIN •• TA" 
TMAX 
320 
100 
500 
350 
ns 


Control 
Hold Time 
tCH 
VIL = OV, VIH = 5V, 


TA=25°C 
10 
10 
10 
ns 


TMIN" 
TA" 
TMAX 
10 
10 
ns 


Note 1: "Absolute 
Maximum 
Ratings" 
are those values beyond which the safety of the device cannot be guaranteed. These specifica- 
tions are not meant to imply that the devices should be operated at these "Absolute 
Maximum" 
limits. 


Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 


Note 3: This 500mW specification 
applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no 
way to significantly 
modify the power dissipation) 
removes concern for heat sinking. 


Note 4: For current switching applications, both loun 
and 10UT2must go to ground or the "Virtual Ground" of an operational amplifier. 


The linearity error is degraded by approximately Vas -;-VREF.For example, if VREF= 10V then a 1mV offset, Vas, on loun 
or IOUT2will 
introduce an additional 0.01% linearity error. 


Note 5: Guaranteed at VREF= ± 10 VDCand VREF= ± 1VDC' 


Note 6: TMIN=O°C and TMAX= 70°C for "LCN" suffix parts. 


TMIN= -40°C 
and TMAX=85°C for "LCD" suffix parts. 


TMIN= -55°C 
and TMAX= 125°C for "LO" suffix parts. 


Note 7: The unit "FSR" stands for "Full Scale Range." "Linearity Error" and "Power Supply Rejection" specs are based on this unit to 
eliminate dependence on a particular VREFvalue and to indicate the true performance of the part. The "Linearity Error" specification 
of 
the OAC0830 is"0.05% of FSR (MAX)." This guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 
2.6),the plot of the 256 analog voltage outputs will each be within 0.05% x VREFof a straight line which passes through zero and full 
scale. 


Note 8: This specification 
implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320ns. A 
typical part will operate with tw of only 100ns. The entire write pulse must occur within the valid data interval for the specified tw, tDS, 
tDH, and ts to apply. 


Note 9: To achieve this low feedthrough in the 0 package, the user must ground the metal lid. If the lid is left floating, the feedthrough 
is typically 6 mV. 


Note 10: Guaranteed by design but not tested. 


Note 11: A 100nA leakage current with Rfb= 20k and VREF= 10Vcorresponds to a zero error of (100x 10-9 x 20 x 103)x 100/10 which is 
0.02% of FS. 
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DATA BITS 
VALID OAC DATA 
0 
V'l 
() 
'R 
< 
IOUT1 
IOUl2 
C 


SETTLED 
TO 


±l/zlSB 


Control 
Signals 
(All control 
signals 
level 
actuated) 


CS: Chip Select (active low). The CS in combination 
with 
ILE will enable 
WR1. 


ILE: Input 
Latch 
Enable 
(active 
high). 
The 
ILE in 
combination 
with 
CS enables 
WR1. 


WR1: Write 
1. The active 
low WR1 is used to load the 
digital 
input 
data bits 
(01) into the input 
latch. 
The data in the input latch is latched 
when WR, 
is high. 
To update 
the 
input 
latch 
- 
CS and 
WR1 must 
be low while 
ILE is high. 


WR2: Write 2 (active low). This signal, 
in combination 
with XFER, causes the B-bit data which 
is avail- 
able 
in the input 
latch 
to transfer 
to the OAC 


re~ster. 


XFER: Transfer 
control 
signal 
(active 
10wl.The XFER 
will enable 
WR2. 


Other 
Pin 
Functions 


Dlo-DI7: 
Digital 
Inputs. 
010 is the 
least 
significant 
bit 
(LSBl and 017 is the most significant 
bit (MSB). 


IOUll: DAC Current 
Output 
1. 10Ull is a maximum 
for 


a digital 
code of all 1's in the OAC register, 
and 


is zero for all O's in OAC register. 


10UT2:DAC 
Current 
Output 
2. IOUT2 is 
a constant 


minus 
loull, 
or 10UTl+ IOUT2= constant 
(I full 


scale 
for a fixed 
reference 
voitage). 


R,b: Feedback Resistor. The feedback 
resistor 
is pro- 


vided on the IC chip for use as the shunt 
feed- 


back resistor 
for the external 
op amp which 
is 


used to provide 
an output 
voltage 
for the OAC. 


This on-chip resistor 
should always be used (not 


an external 
resistor) 
since 
it matches 
the resis- 


tors which 
are used in the on-chip 
R·2R ladder 


and tracks 
these 
resistors 
over temperature. 


VREF: Reference 
Voltage 
Input. 
This 
input 
connects 


an external 
precision 
voltage 
source 
to the in- 
ternal 
R-2R ladder. 
VREF can be selected 
over 
the range of + 10 to -10V. 
This is also the ana- 


log voltage 
input 
for a 4-quadrant 
multiplying 


OAC application. 


Vcc: Digital 
Supply Voltage. This is the power supply 


pin for the part. Vcc can be from 
+5 to + 15Voc. 


Operation 
is optimum 
for + 15Voc. 


AGND: Analog 
Ground. 
This 
is 
the 
ground 
for 
the 


analog 
circuitry. 
This pin must always 
be con- 


nected 
to the digital 
ground 
potential. 


DGND: Digital 
Ground. 
This is the ground 
for the digi- 


ta/logic. 


OIGITAllNPUT 


a) End point test after 


zero and Is adj. 


DIGITAL 
INPUT 


b) Best straight line 


Resolution: 
Resolution 
is directly 
related 
to the number 


of switches 
or bits 
within 
the 
DAC. For example, 
the 


DAC0830 
has 
28 or 256 steps 
and therefore 
has 8-bit 


resolution. 


Linearity 
Error: Linearity 
Error is the maximum 
deviation 


from a straight 
line passing 
through 
the endpoints 
of the 


DAC transfer 
characteristic. 
It is measured 
after adjust- 


ing for zero and full-scale. 
Linearity 
error is a parameter 


intrinsic 
to the device and cannot 
be externally 
adjusted. 


National's 
linearity 
"end 
point 
test" 
(a) and the 
"best 


straight 
line" 
test 
(b,c) 
used 
by other 
suppliers 
are 


illustrated 
above. 
The 
"end 
point 
test" 
greatly 


simplifies 
the adjustment 
procedure 
by eliminating 
the 


need for multiple 
iterations 
of checking 
the linearity 
and 


then 
adjusting 
full 
scale 
until 
the linearity 
is met. The 


"end 
point 
test" 
guarantees 
that 
linearity 
is met after a 


single 
fUll scale 
adjust. 
(One adjustment 
vs. multiple 


iterations 
of the adjustment.) 
The "end point test" 
uses 


a standard 
zero and F.S. adjustment 
procedure 
and is a 


much 
more stringent 
test 
for DAC linearity. 


Power Supply 
Sensitivity: 
Power supply 
sensitivity 
is a 


measure 
of the effect 
of power 
supply 
changes 
on the 


DAC full-scale 
output. 


DIGITAL 
INPUT 


c) Shifting Is adj. to pass 


best straight line test 


Settling 
Time: Settling 
time 
is the time required 
from a 


code 
transition 
until 
the 
DAC 
output 
reaches 
within 


± y, LSB of 
the 
final 
output 
value. 
Full-scale 
settling 


time 
requires 
a zero to full-scale 
or full-scale 
to zero 


output 
change. 


Full-Scale 
Error: Full scale error is a measure 
of the out- 


put error between an ideal DAC and the actual device out- 
put. 
Ideally, for the DAC0830 series, full-scale 
is VREF- 1 


LSB. For VREF= 10V and unipolar 
operation, 
VFULL.SCALE 
= 10.0000V 
- 39 mV = 9.961V. 
Full-scale 
error 
Is adjust- 


able to zero. 


Differential 
Nonlinearity: 
The difference 
between 
any 


two 
consecutive 
codes 
in the 
transfer 
curve 
from 
the 


theoretical 
1 LSB is differential 
nonlinearity. 


Monotonic: 
If the output 
of a DAC increases 
for increas- 


ing digital 
input 
code, 
then 
the 
DAC is monotonic. 
An 


8-bit DAC which is monotonic 
to 8 bits simply 
means that 


increasing 
digital 
input codes will produce 
an increasing 


analog 
output. 
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Digital Input Threshold 
Digital Input Threshold 
Gain and Linearity Error 
vs. Temperature 
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Variation vs. Temperature 
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TA. AMBIENT TEMPERATURE 1°C) 
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Gain and Linearity Error 
Variation vs. Supply Voltage 
Typical Write Pulse Width 
Typical Data Hold Time 
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DAC0830 Series Application 
Hints 


These 
DAC's 
are 
the 
industry's 
first 
microprocessor 
buffering 
allows 
any number 
of DAC's in a system 
to be 
compatible, 
double-buffered 
8-bit multiplying 
D to A con· 
updated 
to their new anaiog output 
levels simultaneously 
verters. 
Double-buffering 
allows 
the utmost 
application 
via a common 
strobe 
signal. 


flexibility 
from a digital 
control 
point of view. This 20-pin 


device 
is also pin for pin compatible 
(with one exception) 
The timing 
requirements 
and 
logic 
level convention 
of 


with 
the DAC1230, 
a 12-bit 
MICRO·DAC™. 
In the event 
the register 
control 
signais 
have been designed 
to mini- 


that 
a system's 
analog 
output 
resolution 
and accuracy 
mize or eliminate 
external 
interfacing 
logic when applied 


must 
be upgraded, 
substituting 
the 
DAC1230 
can 
be 
to most popular 
microprocessors 
and development 
sys- 


easily 
accomplished. 
By tying 
address 
bit Ao to the ILE 
tems. 
It is easy 
to think 
of these 
converters 
as 8-bit 


pin, 
a two-byte 
,..P write 
instruction 
(doUble 
precision) 
"write 
only" 
memory 
locations 
that 
provide 
an analog 


which 
automatically 
increments 
the 
address 
for 
the 
output 
quantity. 
All 
inputs 
to 
these 
DAC's 
meet 
TTL 


second 
byte write 
(starting 
with 
Ao ="1") 
can be used. 
voltage 
level specs 
and can also be driven 
directly 
with 


This 
allows 
either 
an 8·bit or the 12-bit part to be used 
high voltage 
CMOS 
logic 
in non-microprocessor 
based 


with 
no hardware 
or software 
changes. 
For the simplest 
systems. 
To prevent 
damage 
to the chip from static 
dis- 


8·bit application, 
this pin should 
be tied to Vcc (also see 
charge, 
all unused 
digital 
inputs 
should 
be tied to Vcc or 


other 
uses in section 
1.1). 
ground. 
If any of the digital 
inputs 
are inadvertantly 
left 


Analog 
signal 
control 
versatility 
is provided 
by a preci· 
floating, 
the DAC interprets 
the pin as a logic 
"1 ". 


sion 
R-2R ladder 
network 
which 
allows 
full 
4-quadrant 
1.1 
Double·Buffered 
Operation 
multiplication 
of a wide range bipolar 
reference 
voltage 


by an applied 
digital 
word. 
Updating 
the analog 
output 
of these 
DAC's 
in a double· 
buffered 
manner 
is basically 
a two step or·double 
write 


operation. 
In a microprocessor 
system 
two 
unique 
sys· 


1.0 
Digital 
Considerations 
tem addresses 
must be decoded, 
one for the input 
latch 


A most 
unique 
characteristic 
of these 
DAC's 
is that the 
controlled 
by the CS pin and a second 
for the DAC iatch 
which 
is controlled 
by the XFER line. If more than 
one 
8-bit 
digital 
input 
byte 
is double-buffered. 
This 
means 
DAC is being 
driven, 
Figure 
2, the CS line of each DAC 
that 
the data 
must 
transfer 
through 
two 
independently 
would 
typically 
be decoded 
individually, 
but all of the 
controlled 
8-bit 
latching 
registers 
before 
being 
applied 
converters 
could share a common 
XFER address 
to allow 
to the R-2R ladder 
network 
to change 
the analog 
output. 
simultaneous 
updating 
of 
any 
number 
of 
DAC's. 
The 
The addition 
of a second 
register 
allows 
two useful 
con· 


trol 
features. 
First, 
any 
DAC 
in a system 
can 
simul- 
timing 
for this 
operation 
is shown, 
Figure 
3. 


taneously 
hold the current 
DAC data in one register 
(DAC 
It is important 
to note that 
the analog 
outputs 
that 
will 


register) and the next data word in the second 
register(in- 
change 
after a simultaneous 
transfer 
are those 
from the 
put register) 
to allow 
fast updating 
of the DAC output 
on 
DAC's 
whose 
input 
register 
had been modified 
prior 
to 
demand. 
Second, 
and probably 
more important, 
double- 
the XFER command. 
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The ILE pin is an active high chip select which can be de- 
coded from the address 
bus as a qualifier 
for the normal 


CS signal 
generated 
during 
a write 
operation. 
This can 


be used to provide 
a higher 
degree 
of decoding 
unique 


control 
signals 
for a particular 
DAC, and thereby 
create 


a more efficient 
addressing 
scheme. 


Another 
useful 
application 
of the ILE pin of each DAC in 


a multiple 
DAC system 
is to tie these inputs together 
and 


use this as a control 
line that can effectively 
"freeze" 
the 


outputs 
of all the DAC's 
at their 
present 
value. 
PUlling 


this line low latches 
the input register 
and prevents 
new 


data from being written 
to the DAC. This can be particu- 


larly 
useful 
in multiprocessing 
systems 
to allow 
a pro- 


cessor 
other 
than the one controlling 
the DAC's to take 


over control 
of the data bus and control 
lines. If this sec- 


ond system 
were to use the same addresses 
as those 


decoded 
for 
DAC control 
(but for a different 
purpose) 


the 
ILE function 
would 
prevent 
the 
DAC's 
from 
being 


erroneously 
altered. 


In a "Stand-Alone" 
system 
the control 
signals 
are gen- 


erated 
by discrete 
logic. 
In this 
case 
double-buffering 


can be controlled 
by simply 
taking CS and XFER to a 


logic "0", 
ILE to a logic 
"1" 
and pulling 
WR1 low to load 


data to the Input latch. 
Pulling 
WRz low will then update 


the analog 
output. 
A logic 
"1" 
on either 
of these 
lines 


will 
prevent 
the changing 
of the analog 
output. 


CS--\'-- 
/ 


WRl 
-~\"----_/ 


ANALOG 
DATA 
OUTPUT 
UPDATED 
LATCHED 


In a microprocessor 
controlled 
system 
where maximum 
data 
throughput 
to the 
DAC is of primary 
concern, 
or 
when only one DAC of several 
needs to be updated 
at a 
time, 
a single-buffered 
configuration 
can be used_ One 
of 
the 
two 
internal 
registers 
allows 
the 
data 
to 
flow 
through 
and the 
other 
register 
will 
serve 
as the 
data 
latch. 


Digital 
signal 
feedthrough 
(see Section 
1.5) is minimized 
if the input 
register 
is used as the data latch. Timing 
for 
this 
mode 
is shown 
in figure 
4. 


Single-buffering 
in a "stand-alone" 
system 
is achieved 
by strobing 
WR1 low to update 
the DAC with CS, WRz 
and XFER grounded 
and ILE tied high. 


1.3 Flow·Through 
Operation 


Though 
primarily 
designed 
to 
provide 
microprocessor 
interface 
compatibility, 
the MICRO-DAC's 
can easily 
be 
configured 
to ailow 
the analog 
output 
to continuously 
reflect 
the state of an applied 
digital 
input. This is most 
useful 
in applications 
where 
the DAC is used in a con- 
tinuous 
feedback 
control 
loop and is driven 
by a binary 
up-down counter, or in function 
generation 
circuits 
where 
a ROM is continuosly 
providing 
DAC data. 


Simply 
grounding 
CS, WR1, 
WRz, and XFER and tying 
ILE high ailows 
both 
internal 
registers 
to follow 
the ap- 
plied digital 
inputs 
(flow-through) 
and directly 
affect 
the 
DAC analog 
output. 


1.4 Control Signal Timing 


When 
interfacing 
these 
MICRO-DAC's 
to any micropro- 
cessor, 
there 
are two important 
time 
relationships 
that 
must be considered 
to insure proper operation. 
The first 
is the minimum 
WR strobe pulse width which is specified 
as 500 ns for all valid operating 
conditions 
of suppiy 
volt- 
age and ambient 
temperature, 
but typically 
a pulse width 
of only 100 ns is adequate 
if Vcc = 15Voc. A second 
con- 
sideration 
is that 
the 
guaranteed 
minimum 
data 
hold 


time 
of gOns should 
be met or erroneous 
data 
can be 
latched. 
This hold time 
is defined 
as the length 
of time 
data must be held valid on the digital 
inputs after a quali· 
fied (via CS) WR strobe 
makes a low to high transition 
to 
latch 
the applied 
data. 


If the controlling 
device 
or system 
does 
not inherently 
meet these 
timing 
specs 
the DAC can be treated 
as a 
slow 
memory 
or peripheral 
and 
utilize 
a technique 
to 
extend 
the write 
strobe. 
A simple 
extension 
of the write 
time, by adding 
a wait state, can simultaneously 
hold the 
write 
strobe 
active 
and data valid 
on the bus to satisfy 
the minimum 
WR pulsewidth. 
If this does not provide 
a 
sufficient 
data hold time at the end of the write 
cycle, a 
negative 
edge 
triggered 
one-shot 
can 
be included 
be· 
tween 
the system 
write 
strobe 
and the WR pin of the 
DAC. This is illustrated 
in Figure 5 for an exemplary 
sys- 
tem which 
provides 
a 250 ns WR strobe 
time with a data 
hold time of only 
10ns_ 


The proper data set-up time prior to the latching 
edge (La 
to HI transition) 
of the WR strobe, 
is insured 
if the WR 
pulsewidth 
is within 
spec and the data 
is valid 
on the 
bus for the duration 
of the DAC WR strobe. 


1.5 Digital Signal 
Feedthrough 


When 
data 
is latched 
in the internal 
registers, 
but the 
digital 
inputs 
are changing 
state, 
a narrow 
spike of cur- 
rent may flow 
out of the current 
output 
terminals. 
This 
spike 
is caused 
by the rapid switching 
of internal 
logic 
gates 
that 
are responding 
to the input 
changes. 


There are several 
recommendations 
to minimize 
this ef- 
fect. When latching 
data in the DAC, always use the input 
register 
as the latch. 
Second, 
reducing 
the Vcc supply 
for the DAC from + 15 volts to the + 5V offers 
a factor 
of 
5 improvement 
in the magnitude 
of the feedthrough, 
but 
at the expense 
of internal 
iogic switching 
speed. Finally, 
increasing 
Cc (Figure 
8) to a value consistent 
with 
the 
actual 
circuit 
bandwidth 
requirements 
can 
provide 
a 
substantial 
damping 
effect 
on any output 
spikes. 
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The fundamental 
purpose 
of any D to A converter 
is to 


provide 
an accurate 
analog 
output 
quantity 
which 
is 


representative 
of the applied 
digital 
word. In the case of 


the DAC0830, the output, 
IOUT1,is a current 
directly 
pro- 
portional 
to the product 
of the applied 
reference 
voltage 


and the digital 
input 
word. 
For application 
versatility, 
a 


second 
output, 
IOUT2,is provided 
as a current 
directly 


proportional 
to 
the 
complement 
of 
the 
digital 
input. 


Basically: 


VREF 
loun 
= 
15 kQ x 


VREF 
10UT2= 15kQ x 


Digital 
Input 


256 


255 - Digital 
Input 


256 


where the digital 
input is the decimal 
(base 10) equivalent 


of the applied 
8-bit 
binary 
word 
(0 to 255), VREF is the 


voltage 
at pin 8 and 
15kQ is the nominal 
value 
of the 


internal 
resistance, 
R, of the R-2R ladder 
network 
(dis- 


cussed 
in Section 
2.1). 


Several factors 
external 
to the DAC itself 
must be consi- 


dered to maintain 
analog 
accuracy 
and are covered 
in 


subsequent 
sections. 


2.1 The Current Switching 
R·2R Ladder 


The analog 
circuitry, 
Figure 6, consists 
of a silicon-chro- 


mium (SiCr or Si-chrome) 
thin film 
R-2R ladder 
which 
is 


deposited 
on the surface 
oxide 
of the monolithic 
chip. 
As a result, 
there 
are no parasitic 
diode 
problems 
with 


the ladder 
(as there 
may be with 
diffused 
resistors) 
so 


the reference 
voltage, 
VREF, can range 
-10V 
to + 10V 


even if Vcc for the device 
is 5Voc. 


The digital 
input 
code to the DAC simply 
controls 
the 


position 
of the SPDT current 
switches 
and steers 
the 


available 
ladder current 
to either 
loun 
or IOUT2as deter- 


mined by the logic input level ("1" or "0") respectively, 
as 


shown 
in Figure 6. The MOS switches 
operate 
In the cur- 


rent mode with a small voltage drop across them and can 
therefore 
switch 
currents 
of either 
polarity. 
This 
is the 


basis for the 4-quadrant 
muliplying 
feature 
of this DAC. 


2.2 
Basic Unipolar Output Voltage 


To maintain 
linearity 
of output 
current 
with 
changes 
in 


the applied 
digital 
code, it is important 
that the voltages 


at both of the current 
output 
pins be as near ground 
po- 


tential 
(OVod 
as 
possible. 
With 
VREF = + 10V 
every 


millivolt 
appearing 
at either 
'oun 
or IOUT2will 
cause 
a 


0.01 % linearity 
error. 
In most 
applications 
this 
output 


current 
is converted 
to a voltage 
by using an op amp as 


shown 
in Figure 7. 


The inverting 
input 
of the op amp is a "virtual 
ground" 


created 
by the feedback 
from 
its output 
through 
the in- 


ternal15kQ 
resistor, 
RIb. All of the output 
current 
(deter- 


mined by the digital 
input and the reference 
voltage) 
will 


flow 
through 
RIb to the output 
of the amplifier. 
Two- 


quadrant 
operation 
can 
be obtained 
by reversing 
the 


poiarity 
of VREF thus causing 
loun 
to flow into the DAC 


and be sourced 
from the output 
of the amplifier. 
The out- 


put voltage, 
in either case, is always 
equal to loun x Rib 


and is the opposite 
polarity 
of the reference 
voltage. 


The reference 
can be either 
a stable 
DC voltage 
souce 


or an AC signal 
anywhere 
in the range 
from 
-10V 
to 


+10V. The DAC can be thought 
of as a digitally 
controlled 


attenuator: 
the 
output 
voltage 
is always 
less 
than 
or 
equal to the applied 
reference voltage. The VREF terminal 


of the device 
presents 
a nominal 
impedance 
of 15 kQ to 


ground 
to external 
circuitry. 


Always 
use the internal 
Rib resistor 
to create 
an output 


voltage 
since this resistor 
matches 
(and tracks 
with tem- 


perature) 
the value of the resistors 
used to generate 
the 


output 
current 
(Ioun). 


2.3 Op Amp Considerations 


The op amp used in Figure 7 should 
have offset 
voltage 


nulling 
capability 
(See Section 
2.5). 


The selected 
op amp should 
have as Iowa value of input 


bias current 
as possible. 
The product 
of the bias current 


times 
the feedback 
resistance 
creates 
an output 
voltage 


error which 
can be significant 
in low reference 
voltage 


applications. 
BI-FE"fTM' op amps are highly recommended 


for use with these DACs because 
of their very low input 


current. 


Transient 
response 
and settling 
time of the op amp are 


important 
in fast data throughput 
applications. 
The larg- 


est stability 
problem 
is the feedback 
pole created 
by the 


feedback 
resistance, 
Rib, and the output 
capacitance 
of 


the DAC. This appears 
from the op amp output 
to the (-) 
input 
and includes 
the stray 
capacitance 
at this 
node. 
Addition 
of a lead capacitance, 
Cc in Figure 
8, greatly 


reduces 
overshoot 
and ringing 
at the output 
for a step 


change 
in DAC output 
current. 


Finally, 
the output 
voltage 
swing 
of the amplifier 
must 


be greater 
than VREF to allow 
reaching 
the full scale out- 


put voltage. 
Depending 
on the loading 
on the output 
of 


the 
amplifier 
and the available 
op amp supply 
voltages 


(only ± 12 volts 
in many development 
systems), 
a refer- 
ence voltage 
less than 10 volts 
may be necessary 
to ob- 
tain 
the full analog 
output 
voltage 
range. 


2.4 Bipolar Output Voltage with a Fixed Reference 


The addition 
of a second op amp to the previous circuitry 


can be used to generate 
a bipolar 
output 
voltage 
from a 


fixed 
reference 
voltage. 
This, in effect, 
gives sign signi- 


ficance 
to the MSB of the digital 
input word and allows 


two-quadrant 
multiplication 
of 
the 
reference 
voltage. 


VOUl = -(loU11 
x Rib) 


Vm 
(DIGITAL INPUTho 


256 


\ 
VccVos ADJUST 


The 
polarity 
of the 
reference 
can 
also 
be reversed 
to 


realize 
full 4-quadrant 
multiplication: 
± VREF x ± Digital 


Code = +VOUT' This circuit 
is shown 
in Figure 
9. 


This configuration 
features 
several 
improvements 
over 


existing 
circuits 
for bipolar 
outputs 
with other 
multiply- 


ing DAC's. Only the offset 
voltage 
of amplifier 
1 has to 


be nulled 
to preserve 
linearity 
of the 
DAC. The offset 


voltage 
error of the second 
op amp (although 
a constant 


output 
voltage 
error) has no effect 
on linearity. 
It should 


be nulled 
only 
if absolute 
output 
accuracy 
is required. 


Finally, 
the values 
of the resistors 
around 
the second 


amplifier 
do not have to match the internal 
DAC resistors, 


they 
need only 
to 
match 
and temperature 
track 
each 


other. A thin film 4-resistor 
network 
available 
from Beck- 


man Instruments, 
Inc. (part no. 694-3-R10K-D) 
is ideally 


suited 
for this application. 
These resistors 
are matched 


to 0.1% 
and exhibit 
only 
5ppm/oC 
resistance 
tracking 


tempco. 
Two of the four available 
10 kQ resistors 
can be 


paralleled 
to form R in Figure 9 and the other two can be 


used independently 
as the resistances 
labeled 
2R. 


2.5 Zero Adjustment 


For accurate 
conversions, 
the input offset 
voltage 
of the 


output 
amplifier 
must always 
be nulled. 
Amplifier 
offset 


errors 
create 
an overall 
degradation 
of DAC linearity. 


The fundamental 
purpose 
of zeroing 
is to make the volt- 


age appearing 
at the DAC outputs 
as near OVoc as pos- 


sible. 
This 
is accomplished 
for the typical 
DAC - 
op 


amp connection 
(Figure 
7) by shorting 
out Rib, the amp- 


lifier 
feedback 
resistor, 
and adjusting 
the Vos nulling 


potentiometer 
of the op amp until the output 
reads zero 
volts. 
This 
is done, 
of course, 
with 
an applied 
digital 


code of all zeros if 'aun 
is driving 
the op amp (all one's 


for IOUT2)'The short around 
Rib is then removed 
and the 


converter 
is zero adjusted. 


OP AMP 
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(0 TO FU~l 
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2.6 
Full-Scale 
Adjustment 


In the case where the matching 
of Rib to the R value of 


the R-2R ladder (typically 
±0.2%) 
is insufficient 
for full- 
scale accuracy 
in a particUlar 
application, 
the VREF volt- 


age can be adjusted 
or an external 
resistor 
and potenti- 


ometer 
can be added as shown 
in Figure 
10 to provide 
a 
full-scale 
adjustment. 


The temperature 
coefficients 
of the resistors 
used for 


this 
adjustment 
are an important 
concern. 
To prevent 
degradation 
of the 
gain 
error 
tempco 
by the 
external 


resistors, 
their 
temperature 
coefficients 
ideally 
would 


have to match 
that of the internal 
DAC resistors, 
which 


is a highly 
impractical 
constraint. 
For the values 
shown 


in Figure 
10, if the resistor 
and the potentiometer 
each 


had a temperature 
coefficient 
of ±100ppm/oC 
maximum, 


the overall 
gain error tempco 
would 
be degraded 
a maxi- 
mum 
of 0.0025%/oC 
for an adjustment 
pot 
setting 
of 


less than 3% of RIb' 


of the current 
output 
terminals 
(IOUTl for true binary dig- 


ital control, 
IOUT2 is for complementary 
binary) 
and the 


output 
voltage 
is taken 
from 
the normal 
VREF 
pin. The 


converter 
output 
is now a voltage 
in the range from OV 
to 255/256 VREF as a function 
of the applied 
digital 
code 


as shown 
in Figure 
11. 


2.7 
Using the DAC0830 in a Voltage 
Switching 


Configuration 


The 
R·2R ladder 
can 
also 
be operated 
as 
a voltage 


switching 
network, 
In this mode the ladder is used in an 


inverted 
manner 
from 
the 
standard 
current 
switching 


configuration, 
The reference 
voltage 
is connected 
to one 


(VREF) 
8 


OV " 
\loUT" 
~:: 
VREF 


(lounl11 


(IOU,,) 12 
~ 
VOC REFERENCE 


This configuration 
offers several useful application 
ad- 
vantages. Since the output is a voltage, an external op 
amp is not necessarily 
required but the output imped· 
ance of the DAC is fairly high (equal to the specified ref· 
erence input resistance of 10kQ to 20kQ) so an op amp 
may be used for buffering purposes. Some of the advan· 
tages of this mode are illustrated 
in Figures 12, 13, 14 
and 15. 


There are two important 
things to keep in mind when 


using this DAC in the voltage switching 
mode. The ap· 


plied reference voltage must be positive since there are 
internal 
parasitic 
diodes from ground to the 10UTland 
10UT2terminals which would turn on if the applied refer· 
ence went negative. There is also a dependence of con· 
version linearity and gain error on the voltage difference 


.Voltage switching modeeliminates output signal inversion 


and therefore a needfor a negative power supply. 
.Zero code output voltage is limited by the low leveloutput 


saturation voltage of the op amp.The2kQpull-downresistor 
helps to reducethis voltage. 
• VOSof the op amp has no effect on DAClinearity. 


between Vcc and the voltage applied to the normal cur· 
rent output terminals. This is a result of the voltage drive 
requirements of the ladder switches. To insure that all 8 
switches turn on sufficiently 
(so as not to add significant 
resistance to any leg of the ladder and thereby introduce 
additional 
linearity and gain errors) it is recommended 
that the appl ied reference voltage 
be kept less than 
+5Voc and Vcc be at least 9V more positive than VREF. 
These restrictions 
insure less than 0.1% linearity 
and 
gain error change. Figures 16, 17and 18characterize the 
effects of bringing VREF and Vcc closer together as well 
as typical 
temperature 
performance 
of this 
voltage 
switching 
configuration. 


• VOUT=2.5V( 
0 
~ 
--1 
128 
• SleWingand settling time for a fUll scale output change 
is " 1.8~s 


t 
AV=+8 


IOUT2 
GNO 
12 
10 
3 


Your 


=VMAX~ 


::::VMIH 


CODE (D) 
o 
255 


• Only a single +15 V supply required 


• Non-interactive full-scale and zero code output adjustments 


• 
VMAX and VM1Nmust be •• +5VDC 
and" 
av. 


1 
• Incremental Output Step = 256 
(VMAX - 
VMIN)' 


• 
VOUT= ~(VMAX 
- VM1N)+ 255 VM1N 
256 
256 
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Figure 18. 
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Figura 17. 
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aaln and Linearity Error 
Variation va. Temperature 
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Figure 18. 


Conversion 
accuracy 
is only as good as the applied 
ref- 


erence 
voltage 
so providing 
a stable 
source 
over time 


and temperature 
changes 
is an important 
factor 
to con- 


sider. 


A "good" 
ground 
is most desirable. 
A single 
point ground 


distribution 
technique 
for 
analog 
signals 
and 
supply 


returns 
keeps 
other 
devices 
in a system 
from 
affecting 


the output 
of the DAC's. 


During 
power-up 
supply 
voltage 
sequencing, 
the 
-15V 


(or -12V) 
supply 
of the op amp 
may appear 
first. 
This 


will 
typically 
cause 
the 
output 
of the 
op amp 
to bias 


near the negative 
supply 
potential. 
No harm 
is done to 


the DAC, however, 
as the on-chip 
15kQ feedback 
resist- 
tor sufficiently 
limits 
the current 
flow 
from 
'oun 
when 


this 
lead is internally 
clamped 
to one diode 
drop below 


ground. 


Careful 
circuit 
construction 
with 
minimization 
of lead 


lengths 
around the analog 
circuitry, 
is a primary 
concern. 
Good 
high 
frequency 
supply 
decoupling 
will 
aid in pre- 


venting 
inadvertant 
noise from 
appearing 
on the analog 


output. 


10k 


-15V 


DAC Controlled Amplitier (Volume Control) 


V 
-VIN 
(256) 
• 
OUT=--0-- 


• When 0 = 0, the amplifier will go open loop and the 


output will saturate. 


• Feedback impedance from the -input 
to the output 


varies from 15kQ to '" as the input code changes from 
full-scale to zero. 


3.0 General Application Ideas 


The connections 
for the control 
pins of the digital 
input 


registers 
are purposely 
omitted. 
Any of the control 
for- 


mats 
discussed 
in Section 
1 of the accompanying 
text 


will 
work 
with 
any 
of the 
circuits 
shown. 
The method 


used depends 
on the overall 
system 
provisions 
and re- 


quirements. 


The digital 
input 
code is referred 
to as D and represents 


the decimal 
equivalent 
value of the 8-bit binary 
input, 
for 


example: 


Binary 
Input 
Pin 13 
Pin 7 
MSB 
LSB 


11111111 
10000000 
00010000 
00000010 
00000000 


D 
Decimal 
Equivalent 


255 


128 


16 


2 
o 


Capacitance Multiplier 


r. 
256) 
• CEQUIV=C, \! + 0 


• Maximum voltage across the equivalent capacitance 
is 


Vo MAX lop amp) 


limited to 
256 
1+0 


• C2 is used to improve sellling 
time of op amp. 


eOUT 


Variable fo. Variable Qo. Constant BW Bandpass Filter 


f 
~. 
Q 
: 
JKD(2Rg+R,). 
3dbBW- 
Rg(K+1) 


• 
0 - 
256, 
o=V~ 
Rg(K+1)' 
-2nR,C(2Rg+R,) 


2nR,C 


where C, = C2= C; K= !!.2.and R, = R of DAC= 15k 
R5 


• HO=1 for RIN=R4=R, 


• Range of fo and Q is '" 16to 1 lor circuit shown. The 


range can be extended to 255 to 1 by replacing R, with a 
second DAC0830driven by the same digital input word. 


• Maximum 10x Q product should be •• 200kHz. 


+'SV 


25kf 


SYMMETRY/ 
TRIM 


-'SV 
WAVESHAPE ••••..••. 


TRIM 


.., 
.- +,s 
L.J 
-,s 


SQUARE WAVE 
OUTPUT 


DAC Controlled Function Generator 


• DAC controls the frequency of sine. square. and triangle 
outputs. 


o 
• \ = 256(20k)C lor VOMAX=VOMIN 
0\ square wave output 


and R, =3R2. 


• 255 to , linear frequency range: oscillator stops with 0 = 0 


• 
Trim 
symmetry 
and 
wave-shape 
for minimum 
sine 
wave 
distortion. 


t 4mA 
<; lOUT <; 20mA 


11- 
_D 
]1. 
!!zJ 


lOUT = VREF [A, + 256 Rib 
~ + R3 


Two Termlnel Floating 4 to 20 mA Current Loop Controller 


• DAC0830 linearly controls the current flow from the input 
terminal to the output terminal to be 4 mA (for D= 0) to 
19.94mA (for D= 255). 


• Circuit operates with a terminal voltage differential 
of 


16V to 55V. 


• P2 adjusts the magnitude of the output current and P, 
adjusts the zero to full scale range of output current. 


• Digital Inputs can be supplied from a processor using 
opto isolators on each Input or the DAC latches can f1ow- 
through (connect control lines to pins 3 and 10 of the 
DAC) and the input data can be set by SPST toggle 
switches to ground (pins 3 and 10). 


11 
loun 


OAC0830 
SVFINAl 


VREF 
IOUT2 
V,. 
VINITIAl 
12 
10 


':'" 


\ 
10k 


V = 2~6(VOUT - VIN) + ~~~VIN 


--I\" 
VFINAl 


VINITIAl 
\ 


T "TO 
0 AND C 


DAC Controlled exponential Time Response 


• Output responds exponentially to input changes and auto· 
matically stops when Your = V,N 
• Output time constant is directly proportional to the DAC 
input code and capacitor C 


• Input voltage must be positive (See section 2.7) 


ItnnptUiUure 
"i:lng~ 
U-\" 
10 T/U-\" 
-4tU 
V 10 
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-00-"" 
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0.05% 
FSR 
DAC0830LCN 
DAC0830LCD 
DAC0830LD 
Linearity 
0.10% 
FSR 
DAC0831LCN 
DAC0831 LCD 
DAC0831LD 
Error 
0.20% 
FSR 
DAC0832LCN 
DAC0832LCD 
DAC0832LD 


Package 
Outline 
N20A 
D20A 
D20A 


~National 
~ 
Semiconductor 


MICRO-DAC: 
n 
• 
DAC1000/1/2 and DAC1006/7/8, JJPCompatible, 
Double-Buffered D to A Converters 


General Description 


The DAC1000/1/2 
and DAC1006/7/8 
are advanced CMOSI 


Si-Cr 10-,9- and 8-bit accurate multiplying DACs which 
are designed to interface directly with the 8080, 8048, 
8085, Z-80 and other popular microprocessors. These 
DACs appear as a memory location or an I/O port to the 
,..p and no interfacing logic is needed. 


These devices, combined with an external amplifier and 
voltage reference, can be used as standard D/A conver- 
ters; and they are very attractive for multiplying applica- 
tions (such as digitally controlled gain blocks) since 
their linearity error is essentially independant of the 
voltage reference. They become equally attractive in 
audio signal processing equipment as audio gain con- 
trols or as programmable attenuators which marry high 
quality 
audio 
signal 
processing 
to 
digitally 
based 


systems under microprocessor control. 


All of these DACsare double buffered. They can load all 
10 bits or two 8-bit bytes and the data format can be 
either right justified or left justified. The analog section 
of these DACs is essentially the same as that of the 
DAC1020. 


The DAC1000series are the 10-bit members of a family 
of mlcroprocessor-eompatible DAC's (MICRO-DAC'sTM). 
For applications requiring other resolutions, the DAC0830 
series (8 bits) and the DAC1208and DAC1230(12 bits) 
are available alternatives. 


Accuracy 


Part , 
(bits) 
p," 
Description 


DAC1000 
10 
Has all 


DAC1Q01 
9 
2' 
logic 


DAC1002 
8 
features 


DAC10Q6 
10 
For left- 
DAC1007 
9 
20 
Justified 


DAC100a 
8 
data 


WR 


Byte 
1I Byte 2 


XFER 


Features 


• 
Uses easy to adjust END POINT specs, NOT BEST 
STRAIGHT LINE FIT 


• 
Low power consumption 


• 
Direct interface to all popular microprocessors. 


• 
Integrated thin film on CMOS structure 


• 
Double-buffered, single-buffered 
or 
flow 
through 


digital data inputs. 


• 
Loads two 8-bit bytes or a single 10-bit word. 


• 
Logic inputs which meet T2L voltage level specs (1.4V 
logic threshold). 


• 
Works with ± 10V reference - 
full 4-quadrant multi- 


plication. 


• 
Operates STAND ALONE (without !'P) if desired. 


• 
Available in 0.3- standard 20·pin and 0.6-24-pin pack- 
age. 


• 
Differential non-linearity selection available as spec- 
ialorder. 


• 
Resolution 


• 
Linearity 


500ns 


10bits 


10,9, and 8 bits 


(guaranteed over temp.) 


• 
Gain Tempco 


• 
Low Power Dissipation 
(including ladder) 


• 
Single PowerSupply 


-0.0003% of FS/'C 


20mW 


Absolute Maximum Ratings (Notes 
1 and 2) 
Operating Ratings 


Supply 
Voltage 
(Vccl 
17Vac 
Temperature 
Range 


Voltage 
at any digital 
input 
Vcc to GND 
Part numbers 
with 
'LCN' 
suffix 
O·C to 70·C 


Voltage 
at VREF input 
±25V 
Part numbers 
with 
'LCD' 
suffix 
-40·Cto+85·C 


Storage 
temperature 
range 
-65·C 
to +150·C 
Part numbers 
with 
'LD' Suffix 
-55·C 
to +125·C 


Package 
dissipation 
at TA = 25·C 
(Note 
3) 
500mW 
Voltage 
at any digital 
input 
Vcc to GND 
DC voltage 
appl ied to loun 
or IOUT2 
-100mVtoVcc 
(Note 
4) 
Lead temperature 
(soldering, 
10 seconds) 
300·C 


General Electrical Characteristics 
TA = 25·C, 
VREF= 10.000 Vac unless 
otherwise 
noted 


see 
Vcc = 12Voc ± 5% 
Vcc = 5Voc ± 5% 
Parameter 
Conditions 
Note 
to 15Voc±5% 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Resolution 
10 
10 
bits 


Li nearity 
Error 
Endpoint 
adjust 
only 
4,7 
TM1N< TA < TMAX 
6 
-10V", 
VREF '" 
+10V 
5 
DAC1000 
and 
1006 
0.05 
0.05 
% of 
FSR 
DAC1001 
and 
1007 
0.1 
0.1 
% of FSR 
DAC1002 
and 
1008 
0.2 
0.2 
% of FSR 


Differential 
Endpoint 
adjust 
only 
4,7 
Nonlinearity 
TM1N< TA < TMAX 
6 
-10V", 
VREF", 
+10V 
5 
DAC1000 
and 
1006 
0.1 
0.1 
% of 
FSR 
DAC1001 
and 
1007 
0.2 
0.2 
% of 
FSR 
DAC1002 
and 
1008 
0.4 
0.4 
% of 
FSR 


Monotonicity 
TM1N< TA < TMAX 
4,6 


-10V", 
VREF '" +10V 
5 
DAC1000 
and 
1006 
10 
10 
bits 
DAC1001 
and 
1007 
9 
9 
bits 
DAC1002 
and 
1008 
8 
8 
bits 


Gain 
Error 
Using 
internal 
RIb 
-10V", 
VREF '" 
+10V 
5 
-1.0 
±0.3 
1.0 
-1.0 
±0.3 
1.0 
% of FS 


Gain 
Error 
Tempco 
TM1N< TA < TMAX 
6 
Using 
internal 
RIb 
9 
-0.0003 
-0.001 
-0.0006 
-0.002 
% of 
FS'·C 


Power 
Supply 
All digital 
inputs 
Rejection 
latched 
high 
Vcc = 14.5V to 
15.5V 
0.003 
0.008 
% FSRIV 
11.5V to 
12.5V 
0.004 
0.010 
% FSRIV 
4.75V to 5.25V 
0.033 
0.10 
% FSRIV 


Reference 
Input 
Resistance 
10 
15 
20 
10 
15 
20 
kQ 


Output 
Feedthrough 
VREF= 20Vp.p, f = 100kHz 
Error 
All data 
inputs 
latched 
low 
D Package 
130 
130 
mVp.p 
N Package 
90 
90 
mVp.p 


Output 
loun 
All data 
inputs 
60 
60 
pF 
Capacitance 
IOUT2 
latched 
low 
250 
250 
pF 


loun 
All data 
inputs 
250 
250 
pF 
IOUT2 
latched 
high 
60 
60 
pF 


Supply 
Current 
Drain 
TM1N", TA", 
TMAX 
6 
0.5 
2.0 
0.5 
2.0 
mA 


Output 
Leakage 
TM1N'" TA", 
TMAX 
6 
Current 
loun 
All data 
inputs 
latched 
low 
10 
200 
200 
nA 
IOUT2 
All data 
inputs 
latched 
high 
200 
200 
nA 


Digital 
Input 
TMIN '" TA '" TMAX 
6 
Voltages 
Low 
level 
LD suffix 
0.8 
0.6 
Vac 


LCD or LCN 
suffix 
0.8 
0.8 
Vac 


High 
level 
(all parts) 
2.0 
2.0 
Vac 


TA = 25°C, 
VREF= 10.000 Voc unless 
otherwise 
noted 


see 
Vcc = 12Voc ± 5% 
Vcc = 5Voc ± 5% 
Note 
to 15Voc ± 5% 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


TM1N•• TA •• TMAX 
Digital 
inputs < O.BV 
Digital 
inputs> 
2.0V 


VIL = OV. V1H= 5V 
Current 
Settling 


Time 


Write 
and XFER 


Pulse Width 
VIL=OV, 
VIH=5V. 


TA=25°C 
TM1N•• TA" 
TMAX 


V1L=OV, V1H=5V, 


TA=25°C 
TM1N•• TA •• TMAX 


V1L=OV, V1H=5V 
TA=25°C 
TM1N•• TA •• TMAX 


VIL=OV, 
V1L=5V. 


TA=25°C 
TM1N•• TA •• TMAX 


V1L=OV. V1H=5V, 
TA=25°C 
9 
10 
0 
10 
0 
ns 
TM1N•• TA •• TMAX 
10 
0 
10 
0 
ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifica· 
tions are not meant to imply that the devices should be operated at these "Absolute Maximum" limits. 
Note 2: All voltages are measured with respect to GNO. unless otherwise specified. 
Note 3: This 500mW specification 
applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no 


way to significantly 
modify the power dissipation) 
removes concern for heat sinking. 


Note 4: For current switching applications, 
both IOUT1and IOUT2must go to ground or the "Virtual Ground" of an operational amplifier. 
The linearity error is degraded by approximately 
Vos + VREF.For example, if VREF= 10Vthen a 1mV offset, Vos. on IOUT1or IOUT2will 


introduce an additional 0.01% linearity error. 


Note 5: Guaranteed at VREF= ±10 Voc and VREF= ±1 Voc. 
Note 8: TMIN=O°C and TMAX= 70·C for "LCN" suffix parts. 
TMIN=-4Q°C 
and TMAX=85·C for "LCD" suffix parts. 
TMIN=-55°C 
and TMAX= 125°C for "LO" suffix parts. 
Note 7: The unit "FSR" stands for "Full Scale Range." "Linearity 
Error" and "Power Supply Rejection" specs are based on this unit to 
eliminate dependence on a particular VREFvalue and to indicate the true performance of the part. The "Linearity 
Error" specification 
of 


the OAC1000 is"0.05% of FSR (MAX)." This guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 
2.6),the plot of the 1024 analog voltage outputs will each be within 0.05% x VREFof a straight line which passes through zero and full 
scale. 
Note 8: This specification 
implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320ns. A 


typical part will operate with tw of only 100ns. The entire write pulse must occur within the valid data interval for the specified two tos, 
tOH. and ts to apply. 
Note 9: Guaranteed by design but not tested. 


Note 10: A 200nA leakage current with R,b= 20k and VREF= 10Vcorresponds to a zero error of (200x 10-9 x 20 x 103)x 100+ 10which 
is 0.04% of FS. 
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Block and Connection Diagrams 


DAC1000/1001/1002 
(24·Pin Parts) 
DAC1000/l001/1002 


(24·Pin Parts) 


~ 
- 
I- 
15 


(MSB) 019 11- 
MSB 
±VREF 
018 10- I 
: 


0 
0 
13 


IOUT2 
- 
U 
017 
9- 
0 
0 
14 
CS- 
1 
24 
-VCC 


016 
8- I 
: 


0 
0 
10UTl 
WlRJ- 
2 
23 
-NC 
015 
7- 
10·BIT 
0 
OAC 
0 
10-BIT 


01421- 
I 
: 


INPUT 
0 
REGISTER 
0 
MULTIPLYING 
WR1- 
3 
22 
_NC 


LATCH 
01 A CONVER7E 
013 20- 
0 
0 
Byt.lIByt.2- 
• 
21 
_014 


01219- 
I 
: 
0 
0 
_~RFB 
WR2- 
5 
20 
-013 
011 lB- 
~ 
~ 
ILSB) 010 17- ~ 
LSB 
XFER- 
6 
OAC 1000, 
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Notes: 
1. For VREF= -10.240VoC the output voltage steps are approximately 10mV each. 
2. SWI is a normally closed switch. While SWI is closed. the DAC register is latched and new data can be loaded into the input latch 


via the 10SW2 switches. When SWI is momentariiy opened the new data is transferred from the input latch to the DACregister and 
is latched when SWI again closes. 


1.0 Definition of Package Pinouts 


1.1 Control 
Signals 
(All control 
signals 
are level 
actuated.) 
cs: Chip Select - 
active low, it will 
enable WR 


(DAC1003-1008)or WR, (DAC1000-1002). 


WR or WR1: Write - 
The active low WR (or WR1 - 
DAC1000-1002)is used to load the digital data bits (01) 
into the input latch. The data in the input latch is 
latched when WR (or WR1) is high. The 10-bit input latch 
is split into two latches; one holds 8 bits and the other 
holds 2 bits. The BytellByte2 
control pin is used to 
select both input latches when Byte1/Byte2 = 1 or to 
overwrite the 2·bit input latch when in the low state. 


WR2: Extra Write (DAC1000-1002) - 
The active low 


WR2is used to load the data from the input latch to the 
DAC register while XFER is low. The data in the DAC 
register is latched when WR2is high. 


BytellByte2: 
Byte Sequence Control 
- 
When this 


control is high, all ten locations of the input latch are 
enabled. When low, only two locations of the input latch 
are enabled and these two locations are overwritten on 
the second byte write. On the DAC1006,1007,and 1008, 
the Byte1/Byte2 must be low to transfer the 10-bit data 
In the input latch to the DAC register. 


XFER:Transfer Control Signal, active low - 
This signal, 
in combination with others, is used to transfer the 10-bit 
data which is available in the input latch to the DAC 
register - 
see timing diagrams. 


LJ/RJ: Left Justify/Right 
Justify 
(DAC1000-1002) - 


When LJ/RJ is high the part is set up for left justified 
(fractional) data format. (DAC1006-1008havethis done 
internally.) When LJ/FWis low, the part is set up for right 
justified (integer) data. 


1.2 Other Pin Functions 


011 (i =0 to 
9): Digital 
Inputs 
- 
010 is the 
least 


significant bit (LSB)and Dig is the most significant bit 
(MSB). 


loun: DACCurrent Output 1 - 
loun is a maximum for a 


digital input code of all 1s and is zero for a digital input 
code of all Os. 


10uT2:DAC Current Output 2 - 
IOUT2is a constant 


minus loun, or 
1023VREF 


loun + louT2= 1024 
R 


where R ~ 15kQ. 


DIGITAL INPUT 


a. End Point Test After Zero and FS Adj. 


RFB:Feedback Resistor - 
This is provided on the IC 


chip for use as the shunt feedback resistor when an 
external op amp is used to provide an output voltage for 
the DAC. This on-chip resistor should always be used 
(not an external resistor) 
because it 
matches the 


resistors used in the on-chip R-2R ladder and tracks 
these resistors over temperature. 


VREF:ReferenceVoltage Input - 
This is the connection 


for the external precision voltage source which drives 
the R-2Rladder. VREFcan range from -10 to + 10volts. 
This is also the analog voltage input for a 4-quadrant 
multiplying DACapplication. 


Vcc: Digital Supply Voltage - 
This is the power supply 


pin for the part. Vcc can be from 
-1;5to + 15Voc. 


Operation is optimum for + 15V. The input threshold 
voltages are nearly independent of Vcc. (See Typical 
Performance 
Characteristics 
and 
Description 
in 
Section 3.0,T2L compatible logic inputs.) 


GND: Ground - 
the ground pin for the part. 


Resolution: Resolution is directly related to the number 
of switches or bits within the DAC. For example. the 
DAC1000has 2'0 or 1024steps and therefore has 10-bit 
resolution. 


Linearity Error: Linearity error is the maximum deviation 
from a straight 
line passing 
through 
the endpoints 
of 


the 
DAC 
transfer 
characteristic. 
It is measured after 


adjusting for zero and full-scale. Linearity error is a 
parameter 
intrinsic 
to 
the 
device 
and cannot 
be 


externally adjusted. 


National's linearity test (a) and the "best straight line" 
test (b) used by other suppliers are illustrated below. 
The "best straight line" requires a special zero and FS 
adjustment for each part, which is almost impossible 
for the user to determine. The "end point test" uses a 
standard zero and FS adjustment procedure and is a 
much more stringent test for DAC linearity. 


Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full·scale output (Whichis the worst case). 


Power Supply 
Sensitivity: 
Power supply 
sensitivity 
is a 
measure 
of the effect 
of power 
supply 
changes 
on the 
DAC full-scale 
output 
(which 
is the worst 
case). 


Settling 
Time: Settling 
time 
is the time 
required 
from a 
code 
transition 
until 
the 
DAC output 
reaches 
within 
± V. 
LSB of the 
final 
output 
value. 
Full-scale 
settling 
time 
requires 
a zero to 
full-scale 
or full-scale 
to zero 
output 
change. 


Full·Scale 
Error: Full scale error is a measure 
of the out- 
put error 
between 
an ideal 
DAC and the actual 
device 
output. 
Ideally, 
for 
the 
DAC1000 
series, 
full·scale 
is 
VREF- 1 LSB. For VREF= -10V 
and unipolar 
operation, 
VFULL'SCALE= 10.0000V - 9.8 mV = 9.9902V. 
Full-scale 
error is adjustable 
to zero. 


Monotonlclty: 
If the output 
of a DAC increases 
for 
in- 


creasing 
digital 
input 
code, then the DAC is monotonic. 


A 10·bit 
DAC with 
10·bit 
monotonicity 
will 
produce 
an 
increasing 
analog 
output 
when all 10 digital 
inputs 
are 
exercised. 
A 10-bit DAC with 
9-bit monotonicity 
will 
be 
monotonic 
when 
only 
the 
most 
significant 
9 bits 
are 
exercised. 
Similarly, 
8-bit 
monotonicity 
is guaranteed 
when only the most 
significant 
8 bits are exercised. 


These 
DACs are double·buffered, 
microprocessor 
com- 
patible 
versions 
of the DAC1020 10-bit multiplying 
DAC. 
The addition 
of the buffers 
for the digital 
input 
data not 


only allows 
for storage 
of this data, but also provides 
a 


way to assemble 
the 
10-bit 
input 
data 
word 
from 
two 


write 
cycles 
when 
using 
an 8-bit 
data 
bus. Thus, 
the 
next data 
update 
for the DAC output 
can be made with 


the complete 
new set of 10·bit data. 
Further, 
the double 
buffering 
allows 
many 
DACs 
in 
a 
system 
to 
store 


current 
data and also the next data. The updating 
of the 


new data for each DAC is also not time critical. 
When all 
DACs are updated, 
a common 
strobe 
signal 
can then be 
used to cause 
all 
DACs to switch 
to their 
new analog 


output 
levels. 


3.0 T2L Compatible 
Logic Inputs 


To 
guarantee 
T2L voltage 
compatibility 
of 
the 
logic 
inputs, 
a novel 
bipolar 
(NPN) regulator 
circuit 
is used. 


This 
makes 
the 
input 
logic 
thresholds 
equal 
to 
the 


forward 
drop 
of 
two 
diodes 
(and 
also 
matches 
the 


temperature 
variation) 
as occurs 
naturally 
in T2L. The 
basic 
circuit 
is shown 
in Figure 
1. A curve 
of 
digital 
input 
threshold 
as a function 
of power supply 
voltage 
is 
shown 
in 
the 
Typical 
Performance 
Characteristics 
section. 


The DC stability 
of the VREFsource 
is the most 
impor- 


tant 
factor 
to maintain 
accuracy 
of the 
DAC over time 
and temperature 
changes. 
A good 
single 
point 
ground 
for the analog 
signals 
is next in importance. 


These 
MICRO-DAC™ 
converters 
are 
CMOS 
products 


and 
reasonable 
care 
should 
be exercised 
in handling 


them 
prior to final 
mounting 
on a PC board. The digital 
inputs 
are protected, 
but permanent 
damage 
may occur 


if the part is subjected 
to high electrostatic 
fields. 
Store 


unused 
parts 
in conductive 
foam or anti-static 
rails. 


4.1 Power Supply Sequencing 
& Decoupling 


Some 
IC amplifiers 
draw 
excessive 
current 
from 
the 


Analog 
inputs 
to V - 
when the supplies 
are first 
turned 
on. 
To 
prevent 
damage 
to 
the 
DAC 
- 
an 
external 
Schottky 
diode connected 
from 
10uT1or 10UT2to ground 


may be required 
to prevent 
destructive 
currents 
in 10uT1 


or IOUT2.If an LM741 or LF356 is used - 
these 
diodes 


are not required. 


The standard 
power supply 
decoupling 
capacitors 
which 
are used for the op amp are adequate 
for the DAC. 


4.2 Op Amp Bias Current 
& Input Leads 


The op amp bias current 
(18) CAN CAUSE DC ERRORS. 
BI-FETTM op amps have very low bias current, 
and there- 


(3+ +VTHN) 


./ 
VBIAS 
(TO OTHER INPUTS) 


LOGIC INPUT 


o S- -VTHRESHOLO; 
2~ 


The distance 
from the IOUTl pin of the OAC to the invert- 
ing input of the op amp should 
be kept as short as pos- 
sible to prevent 
inadvertent 
noise pickup. 


The analog 
section 
of these 
OACs uses an R-2R ladder 


which 
can 
be operated 
both 
in the 
current 
switching 


mode and in the voltage 
switching 
mode. 


The major product changes (compared 
with the OAC1020) 


have been made in the digital 
functioning 
of the OAC. 


The analog 
functioning 
is reviewed 
here for complete- 


ness. For additional 
analog 
applications, 
such as multi- 


pliers, 
attenuators, 
digitally 
controlled 
amplifiers 
and 


low frequency 
sine wave oscillators, 
refer to the OAC1020 


data sheet. Some basic circuit 
ideas are presented 
in this 


section 
in addition 
to complete 
applications 
circuits. 


5.1 Operation 
in Current Switching 
Mode 


The 
analog 
circuitry, 
Figure 
2, consists 
of 
a silicon- 


chromium 
(Si-Cr) 
thin 
film 
R-2R 
ladder 
which 
is 


deposited 
on the surface 
oxide 
of the monolithic 
chip. 
As a result, 
there is no parasitic 
diode connected 
to the 


VREFpin as would 
exist 
if diffused 
resistors 
were used. 


The reference 
voltage 
input 
(VREF)can therefore 
range 


from 
-10Vto 
+10V. 


The digital 
input 
code to the 
OAC simply 
controls 
the 


position 
of the SPOT current 
switches, 
SWO to SW9. A 


logical 
1 digital 
input causes the current 
switch 
to steer 


-:>111(111 VUIlc1Y~ 
UIUJ,J 
i::llilU::sti 1I1tHII 
ana 
can 
InereTore 


switch 
currents 
of either 
polarity. 
This 
is the basis 
for 


the 4-quadrant 
mUltiplying 
feature 
of this 
OAC. 


5.1.1 Providing a Unipolar Output Voltage with the 


DAC in the Current Switching Mode 


A voltage 
output 
is 
provided 
by 
making 
use 
of 
an 


external 
op amp as a current-to-voltage 
converter. 
The 


idea is to use the internal 
feedback 
resistor, 
RFB, from 


the output 
of the op amp to the inverting 
(-) 
input. 
Now, 


when 
current 
is 
entered 
at 
this 
inverting 
input, 
the 


feedback 
action 
of 
the 
op 
amp 
keeps 
that 
input 
at 


ground 
potential. 
This causes 
the applied 
input current 


to 
be 
diverted 
to 
the 
feedback 
resistor. 
The 
output 


voltage 
of the op amp is forced 
to a voltage 
given by: 


VOUT = -(I0UT1 X RFB) 


Notice 
that 
the sign of the output 
voltage 
depends 
on 


the 
direction 
of 
current 
flow 
through 
the 
feedback 


resistor. 


In current 
switching 
mode 
applications, 
both 
current 


output 
pins 
(IOUTl and 
IOUT2)should 
be operated 
at 


OVDC' This 
is accomplished 
as shown 
in Figure 
3. The 
capacitor, 
Ce, is used 
to 
compensate 
for 
the 
output 


capacitance 
of the 
OAC and the input 
capacitance 
of 


the 
op 
amp. 
The 
required 
feedback 
resistor, 
RFB, is 


available 
on the chip (one end is internally 
tied to louT1) 


and 
must 
be used since 
an external 
resistor 
will 
not 


provide the needed matching 
and temperature 
tracking. 


This 
circuit 
can 
therefore 
be simplified 
as shown 
in 


OIGITAl 
INPUT CODE 
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Dig 
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011 
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0 
1 
0 
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TERMINATION 
R 
R 
R 
±YREF 
----- 
2R -= 
2R 
2R 
2R 
2R 
2R 
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Cc 
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t. 
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22 
lF351 
24 
4 
-= -= 
lF357 
10 
Uk 
1.5 


Figure 
4, where 
the 
sign 
of the 
reference 
voltage 
has 


been changed 
to provide 
a positive 
output 
voltage. 
Note 


that 
the 
output 
current, 
IOUT1, now 
flows 
through 
the 
RFB pin. 


5.1.2 
Providing 
a Bipolar 
Output 
Voltage 
with 
the 


DAC in the Current 
Switching 
Mode 


The addition 
of a second 
op !Imp to the circuit 
of Figure 


4 can be used to generate 
a bipolar 
output 
voltage 
from 


a fixed 
reference 
voltage 
(Figure 
5). This, in effect, 
gives 


sign significance 
to the MSB of the digital 
input word to 


allow 
two 
quadrant 
multiplication 
of 
the 
reference 


voltage. 
The 
polarity 
of 
the 
reference 
can 
also 
be 


reversed 
to realize 
the full four-quadrant 
multiplication. 


The applied 
digital 
word 
is offset 
binary 
which 
includes 


a code to output 
zero volts 
without 
the need of a large 


valued 
resistor 
common 
to existing 
bipolar 
multiplying 


DAC circuits. 
Offset 
binary 
code can be derived 
from 2's 


complement 
data 
(most 
common 
for signed 
processor 


arithmetic) 
by inverting 
the 
state 
of the 
MSB 
in either 


software 
or hardware. 
After 
doing 
this 
the output 
then 


responds 
in accordance 
to thll 
following 
expression: 
o 
VO=VREFX 
512 


2'5 Comp. 
(Decimal) 


+511 


+256 
o 
-1 


-256 


-512 


2'5 Compo 


(Bi~ary) 


0111111111 


0100000000 


0000000000 


1111111111 


1100000000 


1000000000 


Applied 
Digital 
Input 


1111111111 


1100000000 


1000000000 


0111111111 


0100000000 


0000000000 


with' 
1 LSB =IVREFI 
. 
512 


Vcc 


(+15Vocl 


where VREFcan be positive 
or negative 
and 0 is the signed 


decimal 
equivalent 
of the 2's complement 
processor 
data. 
(-512" 
0" 
+511 or 1000000000" 
0" 
0111111111). 
If 


the 
applied 
digital 
input 
is interpreted 
as the 
decimal 


::u~v:~::t(~ 
~~:~) 
binary 
word, 
VOUTcan :e"f:u;~::3 


With 
this configuration, 
only the offset 
voltage 
of ampli- 


fier 1 need be nulled 
to preserve 
linearity 
of the DAC. The 
offset 
voltage 
error of the second 
op amp has no effect 
on linearity. 
It presents 
a constant 
output 
voltage 
error 
and should 
be nulled only if absolute 
accuracy 
is needed. 


Another 
advantage 
of this configuration 
is that the values 
of the external 
resistors 
required 
do not have to match 


the value of the internal 
DAC resistors; 
they need only to 


match 
and temperature 
track 
each other. 


A thin 
film 
4 resistor 
network 
available 
from 
Beckman 


Instruments, 
Inc. 
(part 
no. 
694-3-R10K-D) 
is 
ideally 


suited 
for this application. 
Two of the four available 
10 kQ 


resistor 
can be paralleled 
to form 
R in Figure 
5 and the 
other 
two 
can 
be used 
separately 
as the 
resistors 
la- 


beled 
2R. 


Applied 
True Binary 
(Decimal) 


1023 


768 


512 


511 


256 
o 


+VREF 


VREF-1 
LSB 


VREF/2 
o 


-1 
LSB 


-VREF/2 


-VREF 


-VREF 


-IVREFI + 1 LSB 


-IVREFI/2 
o 


+1 LSB 


+IVREFI/2 


+IVREFI 


DIGITALINPUTCODE 


018 
017 ••••• 
011 


1 
0 


R 
R 
----- 


2R 
2R 
2R 


5.2 Analog Operation 
in the Voltage 
Switching 
Mode 


Some useful application 
circuits 
result 
if the R-2R ladder 
is operated 
in the voltage 
sWitching 
mode. There are two 
very important 
things 
to remember 
when using the DAC 
in the voltage 
mode. 
The reference 
voltage 
(+V) 
must 
always 
be positive 
since 
there 
are parasitic 
'diodes 
to 
ground 
on 
the 
10Ull 
pin 
which 
would 
turn 
on 
if the 
reference 
voltage 
went negative. 
To maintain 
a degrada- 
tion 
of linearity 
less than 
±0.005%, 
keep 
+ V •• 3 VDC 
and Vcc 
at least 
10V 
more positive 
than 
+ V. Figures 
6 
and 7 show these errors for the voltage 
sWitching 
mode. 
This 
operation 
appears 
unusual, 
since 
a 
reference 
voltage 
(+ V) is applied 
to the 
10Ull pin and the voltage 
output 
is the 
VREF 
pin. 
This 
basic 
idea 
is shown 
in 
Figure 8. 


This VOUT range can be scaled 
by use of a non-inverting 
gain stage 
as shown 
in Figure 9. 
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Notice 
that this is unipolar 
operation 
since 
all voltages 
are positive. 
A bipolar 
output 
voltage 
can be obtained 
by using 
a single 
op amp as shown 
in Figure 
10. For a 
digital 
input 
code of all zeros, the output 
voltage 
from 
the VREF pin is zero volts. The external 
op amp now has 
a single 
input of +V and is operating 
with 
a gain of -1 
to this 
input. The output 
of the op amp therefore 
will be 
at - V for a digital 
input of all zeros. As the digital 
code 
increases, 
the output 
voltage 
at the VREF pin increases. 


Notice 
that the gain of the op amp to voltages 
which 
are 
applied 
to the (+) 
input 
is + 2 and the gain to voltages 
which 
are applied 
to the 
input 
resistor, 
R, is -1. The 
output 
voltage 
of the op amp depends 
on both of these 
inputs 
and is given by: 


VOUT = (+V)(-1)+VREF(+2) 


Tl> LINEARITYERROR 
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The output 
voltage 
swing 
can be expanded 
by adding 
2 
resistors 
to Figure 10 as shown in Figure 11. These added 


resistors 
are used 
to 
attenuate 
the 
+V voltage. 
The 


overall gain, Av( -), from the + V terminal 
to the output of 


the op amp determines 
the most negative output voltage, 


-4(+V) 
(when the VREFvoltage 
at the + input of the op 
amp is zero) with the component 
values shown. The com· 
plete 
dynamic 
range 
of VOUT is provided 
by the 
gain 
from the (+) 
input 
of the op amp. As the voltage 
at the 
VREFpin ranges from OVto +V(1023/1024) 
the output 
of 
the op amp will range from 
-10Voc 
to +10V(1023/1024) 
when 
using 
a +V 
voltage 
of 
+2.500Voc. 
The 2.5Voc 
reference 
voltage 
can be easily 
developed 
by using the 


LM336 
zener 
which 
can 
be 
biased 
through 
the 
RFB 
internal 
resistor, 
connected 
to Vcc. 


5.3 
Op Amp Vas Adjust (Zero Adjust) for Current 
Switching 
Mode 


Proper operation 
of the ladder requires 
that all of the 2R 
legs 
always 
go 
to 
exactly 
OVoc 
(ground). 
Therefore 


offset 
voltage, 
Vos, of the external 
op amp cannot 
be 


tolerated 
as every millivolt 
of Vos will 
introduce 
0.01 % 
of added 
linearity 
error. 
At first 
this 
seems 
unusually 


sensitive, 
until it becomes 
clear the 1mV is 0.01 % of the 


10V 
reference! 
High 
resolution 
converters 
of 
high 


accuracy 
require 
attention 
to 
every 
detail 
in 
an 


application 
to achieve the available 
performance 
which 


is inherent 
in the part. To prevent 
this 
source 
of error, 


the Vos of the op amp has to be initially 
zeroed. This is 


the "zero 
adjust" 
of the DAC calibration 
sequence 
and 


should 
be done first. 


If the Vos is to be adjusted 
there 
are a few points 
to 


consider. 
Note 
that 
no 
"dc 
balancing" 
resistance 


should 
be used in the grounded 
positive 
input 
lead of 


the op amp. This resistance 
and the input current 
of the 


op amp can also 
create 
errors. 
The low 
input 
biasing 


current 
of the BI·FET™ op amps 
makes 
them 
ideal for 
use in DAC current 
to voltage 
applications. 
The Vos of 
the op amp should 
be adjusted 
with a digital 
input of all 
zeros 
to 
force 
lOUT= 0 mA. 
A 
1KQ resistor 
can 
be 
temporarily 
connected 
from 
the 
inverting 
input 
to 


ground 
to provide 
a dc gain of approximately 
15 to the 


Vos of the op amp and make the zeroing easier to sense. 


5.4 
Full-Scale 
Adjust 


The full·scale 
adjust 
procedure 
depends 
on the applica· 


tion circuit 
and whether 
the DAC is operated 
in the cur· 
rent switching 
mode or in the voltage 
switching 
mode. 
Techniques 
are given below for all of the possible 
appli- 
cation 
circuits. 


5.4.1 
Current 
Switching 
with 
Unipolar 
Output 
Voltage 


After 
doing 
a "zero 
adjust," 
set all of the digital 
input 


levels HIGH and adjust 
the magnitude 
of VREFfor 


. 
1023 
VOUT = -(Ideal 
VREF) 1024 


This completes 
the DAC calibration. 


at the inverting 
input 
(pin 2) of OA1. Next, with 
a code of 
all zeros 
still 
applied, 
adjust 
"-FS 
adj.", 
the reference 


voltage, 
for VOUT= ±I(ideal 
VREFll. The sign of the output 


voltage 
will 
be opposite 
that 
of the applied 
reference. 


Finally, 
set all of the digital 
inputs 
HIGH and adjust 
"+FS 
adj." 
for VOUT= VREF(511/512). The sign of the output 
at 


this time will be the same as that of the reference voltage. 
The addition 
of the 200Q resistor 
in series 
with the VREF 


pin of the DAC is to force the circuit 
gain error from the 
DAC to be negative. 
This insures 
that adding 
resistance 


to RIb, with 
the 500Q pot, will 
always 
compensate 
the 


gain error of the DAC. 


set all digital 
inputs 
HIGH 
and trim 
the "FS Adj." 
for: 


(, 
R1) 1023 
VOUT = (+V) 
\ 
+R; 
1024 


5.4.4 
Voltage 
Switching 
with 
a Bipolar 
Output 
Voltage 


Refer to Figure 
14 and set all digital 
inputs 
LOW. Trim 


the "- 
FS Adj." 
for VOUT= -2.5 
Vac. Then set all digital 
inputs 
HIGH 
and trim 
the 
"+ 
FS Adj." 
for VOUT= +2.5 
(511J512)VDC. Test 
the 
zero 
by setting 
the 
MS digital 
input 
HIGH 
and all the rest LOW. Adjust 
Vos of amp #3, 


if necessary, 
and recheck 
the full-scale 
values. 


VCC 


( +15VDCI 


VDUT 


DVDC" 
VDUT" 2.5VDC (1 +~)G~) 


R' 
MATCH TO 0.01 % 


R' 
R' 


The DAC1000 series 
of products 
can be used in a wide 


variety 
of operating 
modes. 
Most 
of 
the 
options 
are 


shown 
in 
Table 
I. Also 
shown 
in this 
table 
are 
the 


section 
numbers 
of this 
data 
sheet 
where 
each of the 


operating 
modes 
is discussed. 
For example, 
if your 


main interest 
is interfacing 
to a "P with an B-bit data bus 


you will 
be directed 
to Section 
6.1.0. 


The first 
consideration 
is "will 
the DAC be interfaced 
to 


a "P with 
an B-bit or a 16-bit data 
bus or used in the 


stand-alone 
mode?" 
For the 
B-bit data 
bus, a second 


selection 
is made on how the 2nd digital 
data buffer (the 


DAC Latch) is updated 
by a transfer 
from the 1st digital 


data 
buffer 
(the 
Input 
Latch). 
Three 
options 
are 


provided: 
1) an automatic 
transfer 
when 
the 2nd data 


byte is written 
to the DAC, 2) a transfer 
which 
is under 


the 
control 
of the "P and can 
include 
more than 
one 


DAC in a simultaneous 
transfer, 
or 3) a transfer 
which 
is 


under 
the 
control 
of external 
logic. 
Further, 
the 
data 


format 
can be either 
left justified 
or right justified. 


When interfacing 
to a "P with a 16·bit data bus only two 


selections 
are available: 
1) operating 
the 
DAC with 
a 


single 
digital 
data buffer 
(the transfer 
of one DAC does 


not have to be synchronized 
with any other 
DACs in the 
system), 
or 2) operating 
with a double digital 
data buffer 


for simultaneous 
transfer, 
or updating, 
of more than one 


DAC. 


For operating 
without 
a "P in the 
stand 
alone 
mode, 


three options 
are provided: 
1) using only a single 
digital 


data buffer, 
2) using both digital 
data buffers 
- 
"double 


buffered," 
or 3) allowing 
the input 
digital 
data to "flow 


through" 
to provide 
the analog 
output 
without 
the use 


of any data latches. 


To reduce 
the 
required 
reading, 
only 
the 
applicable 


sections 
of 6.1 through 
6.4 need be considered. 


6.1 Interfacing 
to an a·Bit Data Bus 


Transferring 
10 bits 
of data 
over an B·bit bus requires 


two 
write 
cycles 
and provides 
four 
possible 
combina· 


tions 
which 
depend 
upon 
two 
basic 
data 
format 
and 


protocol 
decisions: 


1. Is the data 
to be left 
justified 
(considered 
as frac· 


tional 
binary data with the binary 
point to the left) or 


right 
justified 
(considered 
as binary 
weighted 
data 


with the binary 
point 
to the right)? 


2. Which 
byte will be transferred 
first, 
the most signifi· 


cant 
byte (MS byte) or the least 
significant 
byte (LS 


byte)? 


"P Control 
Transfer 


Figure 
No. 
Section 
(24-Pln) 
(20.Pln) 
Figure 
No. 
(24·Pln) 
(20·Pln) 
Figure 
No. 


(24·Pln) 
(20·Pln) 


B·Bit Data Bus (6.1.0) 


Right Justified 
(6.1.1) 
6.2.1 
16 
6.2.2 
16 
6.2.3 
16 


Left Justified 
(6.1.2) 
6.2.1 
17 
1B 
6.2.2 
17 
18 
6.2.3 
17 
18 


Single 
Buffered 
Double 
Buffered 
Flow Through 


16·Blt Data Bus (6.3.0) 
6.3.1 
19 
20 
6.3.2 
19 
20 
Not Applicable 


Single 
Buffered 
Double 
Buffered 
Flow Through 


Stand 
Alone 
(6.4.0) 
6.4.1 
19 
20 
6.4.2 
19 
20 
6.4.3 
19 
NA 


8·163 


These 
data 
possibilities 
are shown 
in Figure 
15. Note 


that 
the justification 
of data depends 
on how the 10·bit 


data word is located 
within 
the 16·bit data source 
(CPU) 


register. 
In either 
case, there 
is a surplus 
of 6 bits and 


these 
are 
shown 
as "don't 
care" 
terms 
("X") 
in this 
figure. 


All of these 
DACs load 10 bits on the 1st write 
cycle. 
A 


particular 
set of 2 bits 
is then 
overwritten 
on the 2nd 


write 
cycle, 
depending 
on the justification 
of the data. 


This requires 
the 1st write cycle to contain 
the LS or LO 


Byte data group 
for all right justified 
data options. 
For 


all left justified 
data options, 
the 1st write 
cycle 
must 


contain 
the MS or Hi Byte data group. 


6.1.1 
Providing 
for Optional 
Data Format 


The DAC1000/1/2 
(24·pin parts) 
can be used for either 


data 
formatting 
by tying 
the 
LJ/RJ 
pin either 
high 
or 


low, 
respectively. 
A 
simplified 
logic 
diagram 
which 


shows 
the external 
connections 
to the data bus and the 


internal 
functions 
of both 
of the data 
buffer 
registers 


(Input 
Latch and DAC Register) 
is shown in Figure 16 for 


the 
right 
justified 
data 
operation. 
Figure 
17 is for left 


justified 
data. 


6.1.2 
For Left Justified 
Data 


For 
applications 
which 
require 
left 
justified 
data, 


DAC1006-1008 
(20-pin parts) can be used. A simplified 


logic diagram 
which 
shows 
the external 
connections 
to 


the data 
bus and the internai 
functions 
of both of the 


data buffer 
registers 
(Input 
Latch 
and DAC Register) 
is 


shown 
in Figure 
18_ These 
parts 
require 
the 
MS or Hi 
Byte data group to be transferred 
on the 1st write cycle. 


6.2 Controlling 
Data Transfer for an 8·Bit Data 
Bus 


Three operating 
modes 
are possible 
for controlling 
the 


transfer 
of 
data 
from 
the 
Input 
Latch 
to 
the 
DAC 


Register, 
where it will update the analog 
output 
voltage. 


The 
simplest 
is the 
automatic 
transfer 
mode, 
which 


causes 
the data transfer 
to occur 
at the time of the 2nd 
write cycle. This is recommended 
when the exact timing 
of 
the 
changes 
of 
the 
DAC 
analog 
output 
are 
not 
critical. 
This 
typically 
happens 
where 
each 
DAC 
is 


operating 
individually 
in 
a 
system 
and 
the 
analog 


updating 
of one DAC is not required 
to be synchronized 


to any other 
DAC. For synchronized 
DAC updating, 
two 


options 
are provided: 
~P control 
via a common 
X'FER 
strobe 
or external 
update 
timing 
control 
via an external 


strobe. 
The details 
of these 
options 
are now shown. 
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complete 
10-bit word from the input 
latch 
to the DAC register. 
This is shown 
in the following 
timing 
diagrams; 
the point 
in time 
where 
the analog 
output 
is updated 
is also 
indicated 
on these 
diagrams. 


LOAD Byte 1 


-ViR 
& XFER ----\--, 
-,- 
~_ 
LATCH 
\JJ-~e~~ 


LOAD Bytt 
1 
LOAD Byte 2 


·m 
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../ -,.- 
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~H 
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ANAlOG 


~\ 
DUTPUT 


Byte 1/1Yiil 
& 
UPDATED 


Jlm' 
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6.2.2 
Transfer 
Using 
lAP Write 
Strobe 


The input 
latch 
is loaded 
with the first two write 
strobes. 
The XFER signal 
is provided 
by external 
logic, 
as shown 
below, 
to cause 
the transfer 
to be accomplished 
on a third 
write 
strobe. 
This 
is shown 
in the following 
diagrams: 


Cl\ 
__ 
t\_~tLG 


OUTPUT 
LATCH 
DAC 


LOAD Byte 1 
LOAD Byte 2 
UPDATED 
REGISTER 
m.m\JP.~~ 
LATCH 
Byte 2 
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LATCH DAC 
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1 
LOAD Byte 2 
UPOATED 
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ft~B~~ 


LATCH 
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~W 
mJi Ics,l 
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~\ 
I~(----- 
~\ 
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Byto lIByiO! 
I 
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6.2.3 
Transfer 
Using 
an External 
Strobe 


This is similar 
to the previous 
operation 
except 
the XFER signal 
is not provided 
by the lAP. The timing 
diagram 
for this is: 


~lDA~Byt. 
/---te---\DAD:yto 
'r-f,2.•...•---- 


WIi1 
~, 
LATCH Byt. 1 D' LATCH Byt. , 
~~ 
r---- 
- 
~~----- 
~~F," 
~~~~~ 
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UPDATED 
LATCH DAC 
REGISTER 


(~ 
,'----- 


~(L_----- 
(l\ 
r 


ANALOG 
~ 


~~~:D 
...- 
t 
LATCH DAC 


XF£R 
REGISTER 


6.3 
Interfacing to a 16·Bit Data Bus 


The interface 
to a 16-bit data bus is easily 
handled 
by connecting 
to 10 of the available 
bus lines. This allows 
a wiring 
selected 
right justified 
or left justified 
data format. 
This is shown 
in the connection 
diagrams 
of Figures 
19 and 20, where 
the use of OB6 to OB15 gives left justified 
data operation. 
Note that any part number 
can be used and the Byte1/Byte2 
control 
should 
be wired 
Hi. 
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LOGIC 
SHOWN 
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OAC 
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WHEN: 


illCH 
ENABLE = 1.Q 
OUTPUTS 
FQLLQW 
0 INPUTS. 


rnl:iHNAliIT = 0, 
DATA 
AT 0 IS LATCHED. 


Three operating 
modes are possible: 
flow through, 
single buffered, 
or double 
buffered. 
The timing 
diagrams 
for these are 
shown 
below: 
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6.4 Stand Alone Operation 


For applications 
for a DAC which 
are not under !'P control 
(stand 
alone) there 
are two basic 
operating 
modes, 
single 
buffered 
and double 
buffered. 
The timing 
diagrams 
for these 
are shown 
below: 
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7.0 
Microprocessor 
Interface 


The logic 
functions 
of the 
DAC1000 family 
have been 


oriented 
towards 
an ease of interface 
with 
all popular 


lAPs. The 
following 
sections 
discuss 
in detail 
a few 
useful 
interface 
schemes. 


The circuit 
will perform 
an automatic 
transfer 
of the 10 
bits of output 
data from the CPU to the DAC register 
as 
outlined 
in Section 
6.2.1, "Controlling 
Data Transfer 
for 
an 8-Bit Data Bus." 


Since 
a double 
byte write 
is necessary 
to control 
the 
DAC 
with 
the 
INS8080A, 
a 
possible 
instruction 
to 
achieve this is a PUSH of a register 
pair onto a "stack" 


in memory. The 16-bit register 
pair word will contain 
the 
10 bits 
of the eventual 
DAC input 
data 
in the 
proper 
Figure 
21 illustrates 
the 
simplicity 
of 
interfacing 
the 
DAC1000 to an INS8080A based microprocessor 
system. 


NOTE: 
OOUBLE BYTE STORES CAN BE USEO. 
~'~Gl:iol~~T:~~~~: 
~~~~ ~:101;2T~~~S 
THE L 


TRANSFERS 
THE RESULT 
TO THE DAC REGISTER. 
THE OPERAND OF THE SHLD 
INSTRUCTION 
MUST 
BE AN ODD ADDRESS 
FOR PROPER TRANSFER. 


output 
the 
higher 
order 
byte 
of the 
register 
pair 
(i.e., 
register 
B of the 
BC pair) 
first. 
The DAC will 
actualiy 


appear as a two-byte 
"stack" 
in memory to the CPU. The 


auto-decrementing 
of the stack 
pointer 
during 
a PUSH 


aliows 
using 
address 
bit 0 of the stack 
pointer 
as the 
Byte1/Byte2 
and 
XFER 
strobes 
if 
bit 
0 of 
the 
stack 


pointer 
address-1, 
(SP-1), 
is a "1" as presented 
to the 


DAC. Additional 
address 
decoding 
by the DM8131 wili 


generate 
a unique 
DAC chip select (CS) and synchronize 
this 
CS to the two 
memory 
write 
strobes 
of the PUSH 
instruction. 


To reset the stack 
pointer 
so new data may be output 
to 


the same 
DAC, a POP instruction 
foliowed 
by instruc· 


tions 
to 
insure 
that 
proper 
data 
is in the 
DAC data 


register 
pair before 
it is "PUSHED" 
to the DAC should 


be executed, 
as the POP instruction 
will arbitrarily 
alter 


the contents 
of a register 
pair. 


Another 
double 
byte write 
instruction 
is Store 
Hand 
L 


Direct 
(SHLD), where the HL register 
pair would 
tempo- 


rarily 
contain 
the 
DAC 
data 
and 
the 
two 
sequential 


addresses 
for the DAC are specified 
by the instruction 


op code. The auto incrementing 
of the DAC address 
by 


the SHLD instruction 
permits 
the same simple 
scheme 


of using 
address 
bit 0 to generate 
the byte number 
and 


transfer 
strobes. 


7.2 
DAC1000 to MC6820/1 
PIA Interface 


In Figure 
22 the 
DAC1000 
is interfaced 
to an M6800 


system 
through 
an 
MC6820/1 
Peripheral 
Interface 


Adapter 
(PIA). In this 
case 
the 
CS pin of the 
DAC is 


grounded 
since 
the PIA is already 
mapped 
in the 6800 


system 
memory 
space 
and no decoding 
is necessary. 


Furthermore, 
by using both Ports A and B of the PIA the 


10-bit data transfer, 
assumed 
right justified 
again in two 


8-bit 
bytes, 
is 
greatly 
simplified. 
The 
HIGH 
byte 
is 


occur 
simultaneously 
upon 
CB2 
going 
LOW 
under 


program 
control. 
The 
10-bit 
data 
word 
in 
the 
DAC 


register 
will 
be latched 
(and hence 
Your wili 
be fixed) 


when CB2 is brought 
back 
HIGH. 


If both 
output 
ports 
of the 
PIA are not available, 
it is 


possible 
to interface 
the DAC1000 through 
a single 
port 


without 
much 
effort. 
However, 
additional 
logic 
at the 


CB2 (or CA2) lines or access to some of the 6800 system 
control 
lines wili 
be required. 


A typical 
digital/microprocessor 
bus environment 
is a 


tremendous 
potential 
source 
of high 
frequency 
noise 


which 
can be coupled 
to sensitive 
analog 
circuitry. 
The 


fast edges of the data and address 
bus signals 
generate 


frequency 
components 
of 
10's of megahertz 
and can 


cause noise spikes 
to appear 
at the DAC output. 
These 


noise spikes 
occur 
when the data bus changes 
state or 


when 
data 
is transferred 
between 
the 
latches 
of the 


device. 


In low frequency 
or DC applications, 
low pass filtering 


can reduce these noise spikes. 
This is accomplished 
by 


over-compensating 
the 
DAC 
output 
amplifier 
by 
in- 


creasing 
the 
value 
of 
the 
feedback 
capacitor 
(Cc 
in 


Figure 3). 


In applications 
requiring 
a fast transient 
response 
from 


the DAC and op amp, filtering 
may not be feasible. 
Add- 


ing a latch, 
DM74LS374, 
as shown 
in Figure 23 isolates 


the 
device 
from 
the 
data 
bus, 
thus 
eliminating 
noise 


spikes that occur every time the data bus changes 
state. 


Another 
method 
for eliminating 
noise spikes 
is to add a 


sample 
and hold after 
the 
DAC op amp. This 
also has 


the advantage 
of eliminating 
noise spikes 
when chang- 


ing digital 
codes. 
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SYSTEM 
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SYSTEM 
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(LOW FOR BYTE 1 
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7.4 Digitally 
Controlled 
Amplifier/Attenuator 


An unusual application 
of the DAC, Figure 24, applies 


the Input voltage via the on-ehip feedback resistor. The 
lower op amp automatically 
adjusts the VREF INvoltage 


such that IOUT1Is equal to the input current (V1N/RfB). 
The magnitUde of this VREF IN voltage depends on the 
digital 
word which 
is In the DAC register. 
IOUT2then 


depends upon both the magnitude of VINand the digital 
word. The second op amp converts lOUT2to a voltage, 
VOUT,which is given by: 


11023 - N) 
VOUT= VIN\--N-- 
,where 0 < N •• 1023. 


Note that 
N =0 (or a digital 
code of all zeros) is not 


allowed 
or this 
will 
cause 
the 
output 
amplifier 
to 


saturate at either ± VMAX, depending on the sign of V1N. 


To provide a digitally 
controlled 
divider, the output op 


amp can be eliminated. Ground the IOUT2pin of the DAC 
and VOUTIs now taken from the lower op amp (which 
also drives the VREF input of the DAC). The expression 
for VOUTIs now given by 


VOUT= - ~ 
where M = Digital 
input 
(expressed as a 


fractional 
binary number). 
0< 
M <1. 


1. All 
Logic 
Features 
- 
24-pin 
package. 


Temperature 
Range 


-40"C 
to 
+8S"C 
-SS"C 
to 
+12S"C 
Accuracy 


0.05% 
(10-bit) 


0.10% 
(9-bit) 


0.20% 
(8-bit) 


Package 
Outline 


DAC1000LCD 


DAC1001LCD 


DAC1002LCD 


D24C 


DAC1000LD 


DAC1001LD 


DAC1002LD 


D24C 


DAC 
1000LCN 


DAC1001LCN 


DAC1002LCN 


~24 


2. 
For Left 
Justified 
Data 
- 
20-pin 
package. 
(See package 
outline 
D20C.) 


Temperature 
Range 


Accuracy 
-40"C 
to 
+8S"C 
-SS"C 
to 
+12S"C 
O"to 
+70"C 


0.05% 
(10-bit) 


0.10% 
(9-bit) 


0.20% 
(8-bit) 


Package 
Outline 


DAC1006LCD 


DAC1007LCD 


DAC1008LCD 


D20C 


DAC1006LD 


DAC1007LD 


DAC1008LD 


D20C 


DAC1006LCN 


DAC1007LCN 


DAC1008LCN 


N20 


~National 
~ 
Semiconductor 
DAC1020, DAC1021, DAC1022 10·Bit 
Binary Multiplying 
D/A Converter 
DAC1220, DAC1221, DAC122212·Bit 
Binary Multiplying 
D/A Converter 


General 
Description 


The 
DAC1020 
and 
the 
DAC1220 
are, respectively, 
10 and 12-bit 
binary 
multiplying 
digital-to-analog 
con- 


verters. A deposited thin film 
R-2R resistor ladder divides 
the reference current 
and provides the circuit 
with 
ex- 


cellent 
temperature 
tracking 
characteristics 
(0.0002%/ 
°c 
linearity 
error 
temperature 
coefficient 
maximum). 


The 
circuit 
uses CMOS 
current 
switches 
and 
drive 


circuitry 
to 
achieve low 
power 
consumption 
(30 mW 
maxI 
and 
low 
output 
leakages (200 
nA 
maxI. 
The 


digital 
inputs are compatible 
with 
DTLITTL 
logic levels 


as well as full 
CMOS logic level swings. This part, com- 


bined with 
an external 
amplifier 
and voltage reference, 


can be used as a standard 
D/A 
converter; 
however, 
it 


is also very attractive 
for multiplying 
applications 
(such 


as digitally 
controlled 
gain blocks) 
since its 
linearity 


error 
is essentially 
independent 
of 
the voltage 
refer- 


ence. 
All 
inputs 
are protected 
from 
damage due to 
static discharge by diode clamps to V+ and ground. 


and 
B-bit 
(0.20%) 
non-linearity 
guaranteed over tem- 


perature 
(note 
1 
of 
electrical 
characteristics). 
The 


DAC1020, 
DAC1021 
and DAC1022 
are direct 
replace- 


ments for 
the 
lO-bit 
resolution 
AD7520 
and AD7530 
and equivalent 
to the AD7533 
family. 
The DAC1220, 


DAC1221 
and DAC1222 
are direct replacements for the 


12-bit resolution 
AD7521 
and AD7531 
family. 


Features 
• Linearity 
specified with 
zero and full-scale adjust only 


• Non-linearity 
guaranteed over temperature 


• Integrated thin film on CMOS structure 


• 1O-bit or 12-bit resolution 


• Low power dissipation 
10 mW@15V typ 


• Accepts variable or fixed reference -25V~VREF~25V 


• 4-quadrant multiplying 
capability 


• Interfaces directly 
with DTL, TTL and CMOS 


• Fast settling time-500 
ns typ 


• Low feedthrough 
error-1 
/2 LSB @ 100 kHz typ 
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TEMPERATURE 
RANGE 
ooc to looe 
--40"C 
to +8SoC 
-5S"C 
to +12S"C 


0.05% 
DAC1020LCN 
AD7520LN 
DAC1020LCD 
AD7520LD 
DAC1020LD 
A07520UO 
A07530LN 
AD7530LD 


ACCURACY 
0.10% 
DAC1021 
LeN 
AD7520KN 
QAC1021LCD 
AD7520KD 
OAC1021l0 
A07520TO 
AD7530KN 
AD753QKD 


0.20% 
DAC1022LCN 
AD7520JN 
QAC1022LCD 
AD7520JO 
DAC1022LO 
A07520SD 
AD7530JN 
AD7530JO 


PACKAGE 
OUTLINE 
N16A 
D16C 
O16e 


TEMPERATURE 
RANGE 
OCto 
looe 
-40°C 
to +8S"C 
-5S"C 
to +12S"C 


0.05% 
DAClnOLCN 
AD7521 
LN 
DAC1220LCO 
AD7521 
LD 


A07531 
LN 
AD7531 
LD 
DAC1220LD 
AD7521UD 


ACCURACY 
0,10% 
DACl221 
LCN 
AD7521KN 
DAC1221 
LCD 
AD7521KD 
DAC1221 
LD 
AD7521TD 


AD7531 
KN 
AD7531KD 


0.20% 
DACl222LCN 
AD7521JN 
DAC1222LCD 
AD7521JD 
DACl222LD 
AD7521SD 
AD7531JN 
AD7531JD 


PACKAGE 
OUTLINE 
N18A 
018A 
O18A 


cc 
~~~9 
NO 
NN 
00 
.. 
'" 


~ 
NN 
ON 
,... ,... 
UU 
<t<t 
cc 
00 
NN 
ON 
00 
<t<t 
cc 


V+ to Gnd 
17V 
Temperature 
(TA) 


VREF to Gnd 
±25V 
DAC1020LD, DAC1021LD, 
-55 
+125 
·C 


Digital 
Input Voltage Range 
V+ to Gnd 
DAC1022LD, DAC1220LD, 
-55 
+125 
·C 
DCVoltageat Pin 1 or Pin 2 INote 31 
-100 mV to V+ 
DAC1221LD, DAC1222LD 
-55 
+125 
·C 


Storage Temperature 
Range 
-55·C to +150·C 
DAC1020LCD, DAC1021LCD, 
-40 
+85 
·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 
DAC1022LCD, DAC1220LCD, 
-40 
+85 
·C 


DAC1221LCD, DAC1222LCD 
-40 
+85 
·C 


DAC1020LCN, DAC1021LCN 
0 
+70 
·C 


DAC1022LCN, DACl220LCN 
0 
+70 
·C 


DAC1221LCN, DAC1222LCN 
0 
+70 
·c 


Electrical Characteristics 


(v+ = 15V, VREF = 10.000V, 
TA = 25·C unless otherwise specified) 


DAC1020, DAC1021, 
DAC1220. DAC1221, 


PARAMETER 
CONDITIONS 
DAC1022 
DAC1222 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Resolution 
10 
12 
Bits 


Linearity Error 
TMIN < TA < TMAX. 


-10V 
< VREF < +10V. 


INote 1I End Point Adjustment Only 


(See Linearity 
Error 
in Definition 
of Terms) 


1O-Bit Parts 
DAC1020. DAC1220 
0.05 
0.05 
% FSR 


9-Bit Parts 
DAC1021. DAC1221 
0.10 
0.10 
% FSR 


B-Bit Parts 
DAC1022. DAC1222 
0.20 
0.20 
% FSR 


Linearity Error Tempco 
-10V:; 
VREF:; 
+10V. 
0.0002 
0.0002 % Fsfc 


(Notes 1 and 2) 


Full·Scale Error 
-10V:; 
VREF:; 
+10V, 
03 
1.0 
0.3 
1.0 
% FS 


INotes 1 and 2) 


Full·Scale Error Tempco 
TMIN < TA < TMAX, 
0.001 
0.001 
% Fsfc 


(Note 2) 


Output LeakageCurrent 
TMIN:; 
TA:; 
TMAX 


lOUT 1 
All Digital Inputs Low 
200 
200 
nA 


I-oUT 2 
All Digital Inputs High 
200 
200 
nA 


Power Supply Sensitivity 
All Digital Inputs High, 
0.005 
0.005 
0.005 
0.005 
% FSIV 


14V:; 
V+:; 
16V, (Note 2), 


(Figure 2) 


VREF Input Resistance 
10 
15 
20 
10 
15 
20 
kn 


Full-Scale Current Settling 
RL = lOOn from 0 to 99.95% 


Time 
FS 


All Digital Inputs Switched 
500 
500 
ns 


Simultaneously 


VREF Feedthrough 
All Digital Inputs Low, 
10 
10 
mVp-p 


VREF = 20 Vp-p @ 100 kHz 


D Package(Note 4) 
6 
9 
6 
9 
mVp-p 


N Package 
2 
5 
2 
5 
mVp-p 


Output Capacitance 


lOUT 1 
All Digital Inputs Low 
40 
40 
pF 
All Digital Inputs High 
200 
200 
pF 


lOUT 2 
All Digital Inputs Low 
200 
200 
pF 
All Digital Inputs High 
40 
40 
pF 


Digital Input 
(Figure I) 


Low Threshold 
TMIN<TA<TMAX 
O.B 
0.8 
V 


High Threshold 
TMIN<TA<TMAX 
2.4 
2.4 
V 


DAC1020, 
DAC1021 
DAC1220, 
DAC1221 


CONDITIONS 
DAC1022 
DAC1222 
UNITS 
PARAMETER 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Digital 
Input Current 
TMIN~TA~TMAX 


Digital 
Input High 
1 
100 
1 
100 
j.J.A 


Digital Input 
Low 
-50 
-200 
-50 
-200 
j.J.A 


Supply Current 
All Digital 
Inputs High 
0.2 
1.6 
0.2 
1.6 
mA 


All Digital 
Inputs Low 
0.6 
2 
0.6 
2 
mA 


Operating Power Supply 
(Figures 1 and 2) 
5 
15 
5 
15 
V 


Range 


Note 1: VREF 
= ±10V and VREF 
= ±lV. 
A linearitY error temperature coefficient 
of 0.0002% FS for a 45°C rise only guarantees 0.009% maxi- 
mum change in linearity 
error. For instance, if the linearitY error at 2SoC 
is 0.045% FS it could increase to 0.054% at 70ce and the DAC will be no 
longer a 10·bit part. Note, however, that the linearity 
error is specified over the device full temperature range which is a more stringent specifica- 
tion since it includes the linearity error temperature coefficient. 


Note 2: 
Using internal feedback resistor as shown in Figure 3. 


Note 
3: 
Both lOUT 
1 and lOUT 2 must go to ground or the virtual 
ground of an operational 
amplifier. 
If VAEF 
= 10V, every millivolt 
offset 
between lOUT 1 or lOUT 2' 0.005% linearity 
error wilt be introduced. 


Note 4: To achieve this low feedthrough 
in the 0 package, the user must ground the metal lid. 


Typical Performance 
Characteristics 
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FIGURE 
1. Digital 
Input Threshold vs 
FIGURE 
2. Gain Error Variation 
vs V+ 
Ambient 
Temperature 
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The 
following 
applications 
are also valid 
for 
12-bit 
systems using the 
DAC1220 
and 2 additional 
digital 
inputs. 


The op amp bias current, 
Ib, flows 
through 
the 
15k 
internal 
feedback 
resistor. 
BI-FET 
op amps have low 
Ib and, therefore, 
the 
15k x Ib error they introduce 
is 
negligible; 
they 
are 
strongly 
recommended 
for 
the 
DAC1020 applications. 


The output 
impedance, 
ROUT, 
of the DAC is modu- 
lated by the digital input code which causesa modulation 
of the operational amplifier 
output 
offset. It is therefore 
recommended 
to 
adjust 
the 
op amp VOS. 
ROUT 
is 


-15k 
if 
more than 
4 digital 
inputs 
are high; 
ROUT 


is -45k 
if 
a single digital 
input 
is high, 
and ROUT 
approaches infinity 
if all inputs are low_ 


Connect 
all 
digital 
inputs, 
A1-A10, 
to 
ground 
and 
adjust the 
potentiometer 
to 
bring the op amp VOUT 
pin to within 
±1 mV from ground potential. 
If VREF is 
less than 10V, a finer VOS adjustment 
is required. 
It is 
helpful 
to 
increase the 
resolution 
of 
the 
VOS adjust 
procedure 
by connecting 
a 1 kfl 
resistor between the 
inverting 
input of the op amp to ground. After VOS has 
been adjusted, remove the 1 kfl. 


Switch high all the digital inputs, A 1-A 10, and measure 
the op amp output 
voltage. Use a 500fl 
potentiometer, 


as shown, to bring IIVoUTl1 to a voltage equal to VREF x 
1023/1024. 


p 
Vw 
CIRCUIT 
SETTLING 
CIRCUIT 
SMALL 
OPAMPFAMILY 
CF 
Ri 
TIME, ts 
SIGNAL 
BW 


LM357 
10 pF 
2.4k 
25k 
V+ 
1.5/1s 
1M 


LM356 
22 pF 
00 
25k 
V+ 
3/1s 
0.5M 


LF351 
24 pF 
00 
10k 
V- 
4/1s 
0.5M 


LM741 
0 
00 
10k 
V- 
40/1s 
200 kHz 


( 
A1 
A2 
A3 
AlO) 
VOUT=-VREF 
2 
+4 +8+'" 
1024 


-10V 
S VREF S 10V 
1023 
V 
OS VOUT S - 
1024 
REF 


where 
AN = 1 if the AN digital input is high 


AN = 0 if the AN digital 
input 
is low 


FIGURE 3. Basic Connection: 
Unipolar or 2-Quadrant Multiplying 
Configuration 
(Digital Attenuatod 
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2 
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8 
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where 
V REF can be an AC signal 


FIGURE 
6. Precision 
Analog-to-Digital 
Multiplier 
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( 
A1 
A2 


VOUT= 
-VAEF 2 
+4 
+ .. 


where: 
AN = +1 if AN input 
is high 


AN = -1 
if AN input is low 


A10 
1) 
+ 1024 - 
1024 


OIGITALINPUT 
VOUT 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+VREF 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
VREFx 1022/1024 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
VREFx 2/1024 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
-VREF x 2/1024 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VREF (1022/10241 


.IOUT1+IOUT2= 
VAEF 
x(1023) 
-R-L-A-O-O-E-R1024 


• 
By doubling 
the output 
range we get half the resolution 


• 
The 
10M resistor,addsa 
1 LSB "thump", 
to allow full 


offset binary operation 
where the output 
reaches zero 


for the half-scale code. If symmetrical 
output 
excursions 
are required, 
omit the 10M resistor. 


a) 
Switch 
all the digital 
inputs 
high; adjust the Vas 


potentiome1er 
of op amp B to bring its output 
to a 
value equal to -(VREF/1024) 
(V). 


b) 
Switch 
the 
MSB 
high 
and 
the 
remaining 
digital 
inputs 
low. 
Adjust 
the 
Vas 
potentiometer 
of op 


amp A, to bring its output 
value to within 
a 1 mV 


from 
ground 
potential. 
For VREF < 10V, a finer 


adjust 
is necessary, as already 
mentioned 
in the 
previous application. 


OIGITALINPUT 
VOUT 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
VREFx 1022/1024 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-VREF 


Assuming that the external 
10k resistors are matched to 


better 
than 
0.1%, the gain adjust of the circuit 
is the 


same with the one previously discussed. 


A2 
=~ 
• 
A4 = 12AV- - 1lA, AI 
AV- 
_ t 


A3 + A1IIA2 = A; AV- = VOUT(PEAKI ,A = 20k 


VAEF 
• 
Example: VAEF = 2V, VOUT 'swing)~ 110V: AV- = 5V 
Then A4 = 9A, At = 0.8 A2. If A1 = 0.2A then A2 = 0.25A, 
A3 = 0.64A 


-VREF 


VOUT =(A1 
A2 
A3 
-+-+-+ 
.. 
248 
A10) 
1024 


where: 
V REF can be an AC signal 


• 
By connecting 
the DAC 
in the feedback 
loop of an operational 
amplifier 
a linear digitally 
control 
gain block can be realized 


• 
Note that with all digital 
inputs low, the gain of the amplifier 
is infinity, 
that is, the op amp will 
saturate. 
In other words, we cannot divide the VREF 
by zero! 


[ 


A1 
A2 
-+-+ 
2 
4 


VREF 
~ 
+ A2 + 


2 
4 


A10 
] 
... +-- 
1024 
1023 - 
N 
or VOUT 
= VREF (----) 
A10 
N 
... 
+ 
1024 


where: 
0 ~ N ~ 1023 
N = 0 for AN 
= C111zeros 
N = 1 for A 10 = 1, A 1-A9 
= 0 
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• 
Output frequency 
= """"51"2; 
fMAX 
"'" 2 kHz 


• 
Output 
voltage range = OV-1 OV peak 


• 
THD < 0.2% 


• 
Excellent 
amplitude 
and frequency 
stability 
with 
temperature 


• 
Low passfilter shown has a 1 kHz corner (for output frequencies below 10 Hz, filter corner should be reduced) 


• 
Any periodic function 
can be implemented by modifying 
the contents of the look up table ROM 


• 
No start up problems 


MM74COO - 
NAND 
gates 
MM74C32 
- 
OR gates 


MM74C74 
- 
D flip-flop 
MM74C193 
- 
Binary upi 
down counters 


• 
Binary up/down counter digitally "ramps" the DAC output 


• 
Can stop counting 
at any desired 1O-bit input code 


• 
Senses up or down count overflow 
and automatically 
reverses direction 
of count 
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d:t 
lilt:: 
I t::l,..11J1 Ul.dl 
VI 
the 
number 
of discrete steps in the D/A 
output. 
It is 
directly 
related to the number of switches or bits within 


the D/A. 
For example, the DAC1020 
has 210 or 1024 


steps while the DAC1220 
has 212 or 4096 steps. There- 
fore, 
the 
DAC1020 
has 10-bit 
resolution, 
while 
the 


DAC1220 has 12-bit resolution. 


Linearity 
Error: 
Linearity 
error is the maximum 
devia- 


tion 
from a straight line passing through the endpoints 
of the O/A transfer characteristic. 
It is measured after 


calibrating 
for 
zero (see Vas 
adjust in typical 
applica- 


tions) and full-scale. Linearity 
error is a design parameter 


intrinsic 
to the device and cannot be externally 
adjusted. 


ruvvt::r 
oi)UJJPIY 
oi)tI'lI:tlllYILY. 
ruvvt:1 
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:tt:II:tlllV 
Ily 
1:10CI 


measure of the effect 
of power supply 
changes on the 


D/A full-scale output. 


Settling 
Time: 
Full-scale settling time requires a zero to 


full-scale 
or full-scale 
to 
zero output 
change. Settling 


time 
is the time 
required 
from 
a code transition 
until 


the D/A 
output 
reaches within 
±1/2 LSB of final output 


value. 


Full-Scale 
Error: 
Full-scale error 
is a measure of 
the 
output 
error between an ideal D/A and the actual device 


output. 
Ideally, 
for the DAC1020 
full-scale is VREF 
- 


1 
LSB. 
For 
VREF 
= 
10V 
and 
unipolar 
operation, 


VFULL.SCALE 
= 
10.0000V 
- 
9.8 
mV 
= 9.9902V. 


Full-scale error is adjustable to zero as shown in Figure 5. 


(b) By shifting the full-scale calibration on of the DAC 
of 
Figure 
(b 1) 
we 
could 
pass 
the 
"best 
straight 


line" 
(b2) 
test 
and 
meet 
the 
±1/2 
LSB 
linearity 
error specification 


Note. 
(a), 
(b1l 
and 
(b2) 
above 
illustrate the difference 
between 
"end 
point" 
National's linearity 
test 
(a) and "best 
straight 
line" test. 
Note that both devices in (a) and (b2) meet the ±1/2 
LSB linearity error specification but the end' point test is a more "real life" way 
of characterizing the DAC. 
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DAC1200, DAC120112·Bit 
Digital·to·Analog 
Converters 


The 
DAC1200 
series of D/A 
converters is a family 
of 


precision low-cost converter building 
blocks intended to 


fulfill 
a 
wide 
range 
of 
industrial 
and 
military 
D/A 


applications. 
These 
devic.es are 
complete 
functional 


blocks requiring only application 
of power for operation. 
The design combines a precision 12-bit weighted current 
source (12 current switches and 12-bit thin-film 
resistor 
network), 
a 
rapid-settling 
operational 
amplifier, 
and 
10.24V buffered reference. 


Input 
coding is complementary 
binary. 
In all instances, 


a logic "low" 
(,;;;0.8V) turns a given bit ON, and a logic 


"high" 
(> 2.0V) turns the bit OFF. Output format may 


be programmed 
for 
bipolar 
(±10V) 
or unipolar 
(0 to 
10V) 
operation 
using 
internally 
supplied 
thin-film 
resistor pin strap options. 
Current mode operation 
is 


also available from 0 to 2 mA. 


• 
Circuit completely 
self-contained 


• 
Both current and voltage-mode outputs 


• 
Standard power supplies: 
±15V and +5V 


• 
Internal buffered reference: 
10.24V 


• 
0 to 2 mA, ± 1OV or 0 to 10V output 
by strapping 


internal 
resistors; other 
scales by external 
resistors 


• 
±1/2 LSB linearity 


• 
Fast settling time: 
1.51ls in current mode 
2.5 IlS in voltage mode 


High slew rate: 15 V/IlS 


• 
TTL 
and CMOS compatible 
complementary 
binary 


input logic 


• 
12 bit linearity 


• 
Standard 0.6" 24-pin DIP package 


REF lS' 
MS' 
VREF 
INPUT 
COMP 
2.122-11 
2.10 ,., ,., ,., 
,·6 
'S ,., 
,·3 
" 


,·1 


14 
IS 
1 , 
3 
5 
, , • 
10 
11 
12 


R25 
so> 


23 22124~ 


-15V 
+15'0' 
GND 


11 
OFFSET 


16 FEEDBACK 


16 CURRENT 


MODE 
OUTPUT 


19 VOLTAGE 


MODE 
OUTPUT 


Dual-In-Line 
Package 


lSB 
1 
24 
2-12 , 
23 


ANALOG 
AND 
DIGITAL 
GND 


2-11 
3 
22 


-15'0' 


2-10 , 
21 


+15'0' 
,-. 
5 
20 
VREF 
OUTPUT 
,-8 
6 
19 
'5V 
,., 
) 
18 
VOLTAGE 
MODE 
OUTPUT 


,·6 , 
11 
CURRENT 
MODE OUTPUT 


,·5 • 
16 
OFFSET 
,-, 


10 
15 


FEEDBACK 


,-3 


11 
14 
REF 
COMP 
,., 
12 
13 
VREf 
INPUT 


,·1 
FULL 
SCALE 
AOJ 


MSB 


Order Number OAC1200HO, 
OAC1200HCO, 


OAC1201HO 
or OAC1201HCO 


See NS Package 
0240 


S 
No 
<tco 
o 
N 
,...o 
<tc 


Supply 
Voltage 
(v+ 
& V-I 


Logic Supply 
Voltage (V CCI 


Logic Input 
Voltage 


Reference Input 
Voltage 


Power Dissipation 


±18V 


+10V 


-0.7 V to +18V 


-OV, 
+18V 


(see graphs) 


Operating Temperature 
Range 


DAC1200HD, 
DAC1201HD 
DAC1200HCD, 
DAC1201HCD 


_55°C to +125°C 


-25°C 
to +85°C 


-65°C 
to +150°C 


300°C 


Storage Temperature 
Range 


Lead Temperature 
(soldering, 
10 sec.1 


Voltage 
Mode 
Full-Scale 
Error 


Monolonicity 
(Notes 
3, 4) 


Voltage 
Mode Power Supply 


Sensitivity 


Output 
Voltage 
Range 


Voltage 
Mode Output 
Short Circuit 


Current LImit 


Current 
Mode Voltage 
Compliance 


Current 
Mode Output 
Impedance 


Reference 
Voltage 


Logic "1" 
Input 
Voltage 
IBit 
OFF) 


Logic "0" 
Input 
Voltage 
IBit 
ON) 


Logic "'" 
Input 
Current 
(Bit OFFl 


Logic "0" 
Input 
Current 
(Bit ON) 


1+ 


Power 
Supply 
Current 
1- 


lee 


.,V+="2V 


.,V- 
= ±2V 


"Vee=±lV 


A L = 5k 


T A = 25 e 


VREF 
= 10.240V 


DAC1200/1200C 
DAC1201/1201C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


12 
12 
Bits 


'0.0122 
±0.0488 
:0 FS 


+0.0244 
!0.0976 
% FS 


1 
5 
1 
10 
mV 


10 


I 


15 
mV 


001 
01 


I 


0.02 
0.2 
% FS 


01 
06 
0.1 
0.7 
% FS 


Gualantee(i 
over 
the 
temperature 
range 


1 


0 


. 


002 
0.02 
0.002 
0.02 
% FSIV 


0.002 
0.02 
0002 
002 
% FS/V 


0.002 
0.02 
0.002 
0.02 
% FSIV 


±10.5 
+12 
±10.5 
'.12 
V 


20 
50 
20 
50 
mA 


±2.5 
±2.5 
V 


15 
15 
kl! 


10190 
10240 
10.290 
10.190 
10.240 
10.290 
V 


2.0 
2.0 
V 


0.8 
08 
V 


1 
10 
1 
10 
~A 


·10 
-100 
-10 
-100 
~A 


10 
15 
10 
15 
mA 


25 
30 
25 
30 


I 


mA 


20 
25 
20 
25 
mA 


Voltage Mode 
±1 LSB Settling Time (Note 5) 


Voltage Mode Full-Scale 
Change Settling Time (Note 5) 


Current Mode 
Full-Scale Settling Time 


Voltage Mode Slew Rate 


VIN 
= 2.5V 


VIN 
= OV 


v+= 
15.0V 


V-=-15.0V 


VCC = 5.0V 


MIN 
TYP 
MAX 
UNITS 


1.5 
3.0 
IlS 


1 
3.0 
IlS 


2.5 
5.0 
IlS 


2.0 
5.0 
IlS 


1.5 
IlS 


15 
V Ills 


Note 1: 
Unless otherwise 
noted, 
these specifications 
apply 
for V+ '" 15.0V. 
V 
= 
15.0V, 
and VCC 
= 5.0V 
over the temperature 
range 
55°C to 


+12S 


oC 
for the DAC1200HD/1201 
HD and -25°C 
to +85°C for the DAC1200HCD/1201 
HCD. 


Note 
2: 
All typical 
values are for T A = 25°C. 
. 


Note 
3: 
Unless 
otherwise 
noted, 
this 
specification 
applies 
for 
VREF 
= 
10.24V, 
and over 
the 
temperature 
range -25°C 
to +85°C. 
Testing 


conditions 
include adjustment 
of offset 
to OV and full-scale 
to 10.2375V. 


Note 
4: 
The 
OAC1200 
is tested 
for monotonicity 
by stimulating 
all bits,the 
OAC1201 
is tested for monotonicity 
by stimulating 
only 
the 10 


MS8, and holding 
the 2 LS8, at 2.0V 
li.e., 2 LS8, are OFFI. 


Note 
5: 
Not tested - 
guaranteed 
hy design. 


CONDITIONS 
(T A = 25°CI 


DAC1200, 
Vf,;;; 1.25 mV 


DAC1201, 
Vf';;; 5.0 mV 


DAC1200, 
Vf 
,;;;1.25 mV 


DAC1201, 
Vf';;;5.0mV 


RL = 1kn, CL ,;;;20 pF 


0';;;6IOUT';;;2mA 


-10V';;; 
6VOUT';;; 
+10V 


2.25 


2.0 


~ 1.75 
z 
1.50 
0 
~ 1.25 
i!l 
1.0 
i5~ 0.75 
~ 
0.' 
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Supply Current vs Temperature 


30 


1 LSB Transition 
1011 ... 
1-+1100 
... 
0 


VO~O,10V 
CF ~ 30pF 
TA ~ 25°C 


1. Introduction 


The 
DAC1200 
series D/A 
converters are designed to 
minimize 
adjustments 
and user-supplied external com- 


ponents. 
For example, 
included 
in the package are a 


buffered 
reference, offset 
nulled output 
amplifier, 
and 


application 
resistors as well as the basic 12-bit current 


mode D/A. 


However, the DAC1200 series is a sophisticated building 
block. 
Its 
principles 
of 
operation 
and the 
following 


applications 
information 
should be read before applying 


power to the device. 


The user is referred to National Semiconductor 
Applica· 


tion 
Notes AN-156 and AN-157 for additional 
informa- 


tion. 


2. Power Supply Selection & Decoupling 


Selection of power supplies is important 
in applications 


requiring 0.01 % accuracy. The ±15V supplies should be 
well regulated (±15V ± 0.1%1with 
less than 0.5 mVrms 


of output 
noise and hum. 


To realize the full speed capability of the device, all three 
power 
supply 
leads should 
be 
bypassed with 
11lF 


tantalum 
electrolytic 
capacitors 
in shunt with 
0.011lF 


ceramic disc capacitors no farther than % inch from the 
device package. 


3. Unipolar and Bipolar Operation 


The DAC1200 series D/A's may be configured for either 
unipolar 
or 
bipolar 
operation 
using resistors provided 
with 
the device. Figure 1A illustrates the proper con- 


nection for unipolar operation. 


Bipolar 
operation 
is accomplished 
by 
offsetting 
the 
output amplifier A3 asshown in Figure 2A. 


'VOUT 
= (IZERa 
to IFULLSCALEII~~~ 
+ RR2}21 


= IOmA to 2.0475mA1I5kS1l 


= OV to +10.2375V 


*Vatues shown are for VREF 
= 10.240V. 


LSB Voltage Step ~ 1046~~V ~ 2.5mV. 


LSB Current Step = i6~ri 
= O.5~A 


FIGURE 
1A. DAC1200/DAC1201 
Unipolar 
Operation 


• 
VREF 
VOUT 
= (0 to 2.0475mA)R22 
- 
R22 
R21 


= (0 to 2.0475mA)R22 
- VREF, 
R21 "R22 


= -10.240 
to + 10.235V 


·Values 
shown are for VREF 
= 10.24QV 


1 LSB = 5mV. 


FIGURE 
2A, DAC1200/DAC1201 
Bipolar 
Operation 


External 
resistors 
may 
be used 
to achieve 
alternate 
zero 
and 
full·scale 
voltages. 
It is advantageous 
to 
utilize 
R21 


and 
R22 
even 
in these 
applications 
since 
they 
are closely 


matched 
in TCR 
and 
temperature 
to the 
internal 
array. 


Figure 
3 illustrates 
the 
recommended 
circuit 
for zero to 
5V 
operation. 
R EXT 
should 
be 
of 
metal 
film 
or wire· 
wound 
construction 
with 
a TCa 
of less than 
10ppmfC. 


RTOTAL 
= IR211111R22111 
(REXT) 
= VFULLSCALE 
= 2.5kr!. 


2.0475mA 


4. 
Offset 
and 
Full·Scale 
Adjust 


If higher 
precision 
is required 
in the 
zero 
and 
full·scale, 
external 
adjustments 
may 
be made. 
The 
circuit 
of figure 


4 illustrates 
the 
recommended 
circuit 
to adjust 
offset 
and 
full-scale 
of 
the 
DAC1200 
series. 
The 
circuit 
will work 
equally 
well for unipolar 
or bipolar 
operation. 


In bipolar 
operation, 
the offset 
is adjusted 
at minus 
full· 
scale; 
in the 
unipolar 
case at zero scale. 


'''V§ 
" 
lOOk 


10rURN 


-15V 


OFFSET 
§ 


'''V 


R2 


tOOk!! 


-ISV 
FUll 
SCALE 


For 
the 
values 
shown 
in figure 
4, 
R 1 will allow 
a ±7 mV 


offset 
adjustment 
for 
the 
unipolar 
case and 
±15 mV for 


the 
bipolar 
case. 
R2 will allow 
a ±50mV 
adjustment 
of 


full 
scale. 


around 
A3 should 
not 
be closed 
in current 
mode 
opera· 


tion. 
There 
is a ±2.5V 
maximum 
compliance 
voltage 
at 
A2's 
output 
(pin 
18) which 
restricts 
the 
maximum 
size 


of 
the 
load 
resistor; 
i.e., 
RL 
x 
IFULLSCALE 
.;; 2.5V. 


6. 
Settling 
Time 
& Glitch 
Minimization 


The 
settling 
time 
of the 
DAC1200 
series 
and 
the 
glitch 
which 
occurs 
between 
major 
input 
code 
changes 
may 
be 


improved 
by 
placing 
a 10 to 
30 pF 
capacitor 
between 


pins 
18 
(current·mode 
output) 
and 
19 
(voltage 
mode 
outputl. 
The 
capacitor 
is used 
to cancel 
output 
capaci- 


tance 
of the 
current 
mode 
Of A and stray 
capacitance 
at 


pin 
18. 


7. 
Current 
Output 
Boosting 


The 
DAC1200 
series 
may 
be operated 
as a "power 
Of A" 


by 
including 
a current 
buffer 
such 
as the 
LH0002 
or 


LH0063 
in 
the 
loop 
with 
A3 
as 
shown 
in 
figure 
5. 


8. 
Logic 
Input 
Coding 


The 
sense 
of 
the 
logic 
inputs 
to 
the 
DAC1200 
series 
is 


complementary; 
i.e., 
a given 
bit 
is turned 
ON 
by 
an 


active 
"low" 
input. 
Table 
I summarizes 
input 
status 
for 


the 
unipolar 
and bipolar 
complementary 
binary 
and 
BCD 
codes. 


Other 
input 
codes 
may 
also 
be used. 
For 
example, 
the 


twos 
complement 
code, 
which 
is used 
extensively 
in 


computer 
and 
microprocessor 
applications, 
may 
be con- 


verted 
to the DAC1200 
complementary 
bipolar 
format 
by 


inverting 
all bits 
except 
the 
MSB. The 
inversion 
may be 


accomplished 
in the 
microprocessor 
by software 
control, 


or by hardware 
using standard 
hex-inverters. 


9. 
Reference 
Voltage 


External 
reference 
voltages 
may 
be 
used 
with 
the 


DAC1200 
series. 
Voltages 
other 
than 
10.240 
or 10.000V 


in 
the 
range 
of 
+5.0V 
to 
11 V will 
work 
satisfactorily 


for 
voltage 
mode 
operation. 
Full-scale 
voltage 
is always 


VREF 
- 
1 LSB where 
1 LSB 
= VREFf4096. 
Full-scale 


current 
may 
be predicted 
by: 


IFULLSCALE 
= (VREF)(0.19995117)mA 


(Note 8) 
CODE TYPE 
INPUT CODE 
OUTPUT 
STATE 
OUTPUT 
VOLTAGE 
OUTPUT 
CURRENT 
MSB 
LSB 
VREF = 10.240V 


0000 
0000 
0000 
Full-Scale 
+10.2375V 
2.0475mA 


Unipolar Complementary 
Binary 
1111 
1111 
1110 
1 LSB ON 
+2.500mV 
0.5001lA 


1111 
1111 
1111 
Zero Scale 
Zero 
Zero 


0000 
0000 
0000 
Full-Scale 
+10.235V 
+1.0235mA 


0111 
1111 
1111 
Half Full-Scale 
-O.OOOV 
O.OOOmA 
Bipolar Complementary 
Binary 


1111 
1111 
1110 
1 LSB ON 
-10.235V 
-1.0235mA 


1111 
1111 
1111 
Zero Scale 
-10.240V 
-1.0240mA 


Resolution 


Resolution 
is defined as the reciprocal of the number of 


discrete 
steps in the 
D/A 
output 
(as designed). 
It 
is 
directly 
related to the number of switches or bits within 
the D/A. 
For example, 
the DAC1200 
has 212 or 4096 
steps. Resolution 
may therefore 
be expressed variously 


as 12 bits, as 1 part 
in 212, as 1 part in 4096, or as a 
percentage (1/4096x 
100= 0.0244%). 


Power Supply Sensitivity 


Power supply 
sensitivity 
is a measure of the effect 
of 


power 
supply 
changes on 
the 
D/A 
full·scale 
output. 


Settling Time 


Two 
settling 
time 
parameters 
are 
specified 
for 
the 


DAC1200 series. Full-scale settling time requires a zero to 
full-scale or full-scale to zero output 
change. One LSB 
settling 
time 
requires one LSB output 
change. In both 


instances, settling time is the time required from a code 
transition 
until 
the D/A output 
reaches within 
±Y2 LSB 
of final output 
value. 


Monotonicity 


Monotonicity 
is a characteristic 
of the D/A 
which 
re- 
quires a non-negative output 
step for an increasing input 


digital 
code. Monotonicity, 
therefore, 
demands no back 
steps or changes in sign of the slope of the D/A transfer 
characteristic. 


Linearity 
Error 


Linearity 
error is the maximum 
deviation from a straight 
line passing through 
the endpoints 
of the D/A transfer 


characteristic. 
It is measured after 
calibrating 
for zero 
and full-scale. The linearity 
error of the DAC1200 
series 
is guaranteed to be lessthan ±Y. LSB or 0.0122% of F.S. 
for 
the DAC1200/1200C 
and ±0.0488% of 
F.S. for the 


DAC1201/DAC1201C. 
Linearity 
error 
is a design para- 
meter intrinsic 
to 
the device and cannot 
be externally 
adjusted. 
Full-Scale Error 


Full-scale error is a measure of the output 
error between 
an ideal D/A 
and the actual device output. 
Ideally, for 


the DAC1200 
full-scale is VREF 
- 
1 LSB. For VREF = 


10.240V 
and 
unipolar 
operation, 
VFULLSCALE 
= 


10.240V 
- 
2.5mV 
= 10.2375V. 
Departures from 
this 


value include internal gain, scaling, and reference errors. 
Full-scale error 
is adjustable to zero as discussed in the 


Applications 
section. 


Offset Voltage 


Offset voltage is an output 
voltage other than zero volts 
for 
unipolar 
operation 
(and other than minus full-scale 
for 
bipolar 
operation) 
with 
all bits turned 
OFF. 
In the 


DAC1200 
series this error resides primarily 
in the output 


amplifier, 
A3. 
Offset 
voltage 
is adjustable 
to 
zero as 


discussed in the applications 
section. 


lOOk 
FULL·SCALE 
f~¥~~~r 


IOOkn 


MTADJUST 


@ 
IDVM 
I 
100k!/ 


lOT 


FUll 
SCALE 
-15V 
::~r 
-15V 


+5V 


+15V 


-15V 


25°C 
OPERATING 
PART NUMBER 
PACKAGE 
LINEARITY 
TEMPERATURE 
ERROR 
RANGE 


DAC1200HD 
Ceramic DIP 
0.01% 
-55°C 
to +125°C 


DAC1201HD 
Ceramic DIP 
0.05% 
-55°C 
to +125°C 


DAC1200HCD 
Ceramic DIP 
0.01% 
-25°C 
to +85°C 


DAC1201HCD 
Ceramic DIP 
0.05% 
-25°C 
to +85°C 


~National 
~ 
Semiconductor 


MICRO-DAC™ DAC1208, DAC1209, DAC1210, DAC1230, 
DAC1231, DAC123212-Bit, p,P Compatible, Double-Buffered 
D to A Converters 
General Description 


The DAC1208 
and the DAC1230 
series 
are 12·bit multiply· 
ing D to A converters 
designed 
to interface 
directly 
with 
a 


wide 
variety 
of microprocessors 
(8080, 8048, 8085, Z-80, 
etc.). Double 
buffering 
input registers 
and associated 
con- 


trol 
lines 
allow 
these 
DACs 
to 
appear 
as 
a two-byte 


"stack" 
in the system's 
memory 
or I/O space 
with 
no addi- 


tional 
interfacing 
logic 
required. 


The 
DAC1208 
series 
provides 
all 
12 input 
lines 
to allow 


single 
buffering 
for maximum 
throughput 
when 
used with 


16-bit processors. 
These 
input 
lines can also be externally 
configured 
to permit 
an 8-bit data interface. 
The DAC1230 


series 
can be used with 
an 8-bit data 
bus directly 
as it in- 
ternally 
formulates 
the 12-bit 
DAC 
data 
from 
its 8 input 


lines. All of these 
DACs accept 
left·justified 
data from the 


processor. 


The analog 
section 
is a precision 
silicon-chromium 
(Si-Cr) 
R-2R ladder 
network 
and twelve 
CMOS 
current 
switches. 
An inverted 
R-2R ladder 
structure 
is used with 
the binary 


weighted 
currents 
switched 
between 
the 10UTl and IOUT2 
maintaining 
a constant 
current 
in each 
ladder 
leg inde- 


pendent 
of the switch 
state. 
Special 
circuitry 
provides 
TIL 


logic 
input 
voltage 
level compatibility. 


The 
DAC1208 
series 
and 
DAC1230 
series 
are the 
12·bit 


members 
of a family 
of microprocessor 
compatible 
DACs 


(MICRO-DACsTM). 
For applications 
requiring 
other 
resolu- 
tions, 
the 
DAC1000 
series 
for 10-bit and DAC0830 
series 


for 8-bit are available 
alternatives. 


CONTROL BUS 


cs 


WR' 


WR2 


BYTE l/BYTE 2 


XFER 


• 
Linearity 
specified 
with 
zero and full-scale 
adjust 
only 


• 
Direct 
interface 
to all popular 
microprocessors 


• 
Double-buffered, 
single-buffered 
or flow through 
digital 


data 
inputs 


• 
Logic 
inputs 
which 
meet TIL 
voltage 
level specs 
(l.4V 


logic 
threshold) 


• 
Works 
with 
± 10V 
reference-full 
4-quadrant 


multiplication 


• 
Operates 
stand-alone 
(without 
I'P) if desired 


• 
All parts 
guaranteed 
12-bit monotonic 


• 
DAC1230 
series 
is pin 
compatible 
with 
the 
DAC0830 


series 
8-bit MICRO-DACs 


Key Specifications 


• 
Current 
Settling 
Time 


• 
Resolution 


• 
Linearity(Guaranteed 
over temperature) 


• 
GainTempco 


• 
Low Power Dissipation 


• 
Single 
Power Supply 


11's 
12 Bits 


10,11, or12 Bitsof 
FS 


1.5ppm/OC 


20mW 


5VDCto15VDC 


SD.n 


FULL-SCALE 


ADJUST 


Package 
Accuracy 
20·Pin 
24·Pin 
D20A 
D24C 


0.012% 
DAC1230LCD 
DAC1208LCD 


0.024% 
DAC1231 LCD 
DAC1209LCD 


0.05% 
DAC1232LCD 
DAC1210LCD 


<to 
0' 
N,..o 
<to 
arN 
o ('I) 
NN 
,.. ,.. 
00 
<t<t 
00 
as,.. 
0('1) 
NN 
00 
<t<t 
00 


VUlldY~ 
Clll"Uly 
UIQUallnpUl 
Vccto 
liNlJ 
Hangeof 
Vcc 
4.75 Vact016 
Vac 


Voltage 
at VREFInput 
±25V 
Voltage 
at Any Digital 
Input 
VcctoGND 


Storage 
Temperature 
Range 
- 65"C to + 150"C 


Package 
Dissipation 
atTA = 25"C (Note 3) 
500mW 
* MIlitary temperature 
range device will be available 
In future. 


DC Voltage 
Applied 
to 10UTlor 10UT2 
-100mVtoVcc 


(Note 
4) 


Lead Temperature(Soldering, 
10 seconds) 
300"C 


Electrical Characteristics 
TA= 25"C, VREF= 10.000 Vac, Vcc = 11.4 Vac to 15.75 Vac unless 
otherwise 
noted. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 
Notes 


Resolution 
12 
12 
12 
Bits 


Linearity 
Error 
Zero and Full-Scale 
4, 7 


(End Point 
Linearity) 
Adjusted 


TMIN<TA<TMAX 
6 


-10V:5 
VREF:510V 
5 


DAC1208, 
DAC1230 
0.012 
% 01 FSR 


DAC1209,DAC1231 
0.024 
% 01 FSR 


DAC1210,DAC1232 
0.05 
% 01 FSR 


Differential 
Non-Linearity 
Zero and Full-Scale 
4,7 


Adjusted 


TMIN<TA<TMAX 
6 
-10V:5 
VREF:510V 
5 


DAC1208, 
DAC1230 
0.012 
% 01 FSR 


DAC1209, 
DAC1231 
0.024 
% 01 FSR 


DAC1210, DAC1232 
0.05 
% 01 FSR 


Monotonicity 
TMIN<TA<TMAX 
4,6 


-10V:5 
VREF:510V 
12 
12 
12 
Bits 
5 


Gain 
Error 
Using 
Internal 
RFb 
-10V:5 
VREF:510V 
-0.2 
-0.01 
0.0 
% olFS 
5 


Gain 
Error Tempco 
TMIN< TA< TMAX 
6, 7 


Using 
Internal 
RFb 
±1.3 
±6.0 
ppm 01 FS'"C 
10 


Power 
Supply 
Rejection 
All Digital 
Inputs 
±3.0 
ppm 01 FSRIV 
7 


Latched 
High 


Relerence 
Input 
Resistance 
10 
15 
20 
kG 


Output 
Feedthrough 
Error 
VREF= 20 Vp-p, 1= 100 kHz 
3 
mVp-p 
9 


All Data 
Inputs 
Latched 


Low 


Output 
Capacitance 
All Data 
Inputs 
10UTl 
200 
pF 
Latched 
High 
IOUT2 
70 
pF 
All Data Inputs 
10UTl 
70 
pF 
Latched 
Low 
IOUT2 
200 
pF 


Supply 
Current 
Drain 
TMIN:5 TA:5 TMAX 
1.2 
2.0 
mA 
6 


Output 
Leakage 
Current 
TM1N:5TA:5 TMAX 
6,11 


10UTl 
All Data 
Inputs 
Latched 
15 
nA 
6,11 


Low 


IOUT2 
All Data 
Inputs 
Latched 
15 
nA 
High 


Digital 
Input 
Threshold 
TMIN:5TA:5TMAX 
6 


Low Threshold 
0.8 
Vac 


High Threshold 
2.0 
Vac 


Digital 
Input 
Currents 
TMIN:5 TA:5 TMAX 
6 


Digital 
Inputs 
<0.8V 
-50 
-200 
)'Aac 


Digital 
Inputs 
>2.0V 
0.1 
10 
)'Aac 


Electrical Characteristics 
(Continued) 


TA= 2S"C, VREF= 10.000 VDC, VCC = 11.4 VDC to lS.7S VDC unless 
otherwise 
noted. 


Parameter 
Condition~ 
Min 
Typ 
Max 
Units 
Notes 


ts 
Full-Scale 
Current 
RL = lOOn, Output 
Settled 
1 
P.s 


Settling 
Time 
to 0.01 % CS=WRl 
= 


WR2 = XFER = OV, Byte 1/ 


Byte 2 = SV, 010 through 


0111 Switched 
Simultaneously 
-- 
V,L = OV, V,H = SV 
320 
so 
8,10 
tw 
Write 
and XFER 
ns 


Pulse Width 
TM1N:sTA:s TMAX 
320 
80 
- 
ns 
6,8,10 


tDS 
Data Set-Up Time 
V,L = OV, V,H = SV 
320 
70 
ns 
10 


TMIN:STA:s TMAX 
320 
80 
- 
ns 
6,10 


tDH 
Data 
Hold Time 
V,L = OV, V,H = SV 
90 
so 
ns 
10 


TMIN:STA:s TMAX 
90 
60 
ns 
6,10 


tcs 
Control 
Set-Up Time 
V,L = OV, V,H = SV 
320 
60 
- 
ns 
10 


TM1N:sTA:sT MAX 
320 
100 
- 
ns 
6,10 


tCH 
Control 
Hold Time 
V,L=OV, 
V,H=SV 
10 
0 
ns 
10 


TMIN:sTA:sTMAX 
10 
0 
- 
ns 
6, 10 


Note 1: "Absolute 
Maximum 
Ratings" 
are those values beyond which 
the safety of the device cannot 
be guaranteed. 
These specifications 
are not meant to 
imply that the devices 
should 
be operated 
at these "Absolute 
Maximum" 
limits. 


Note 2: All voltages 
are measured 
with respect 
to GND, unless 
otherwise 
specified. 


Note 3: This 500 mW specification 
applies 
for all packages. 
The low intrinsic 
power dissipation 
of this part (and the fact that there is no way to significantly 
modify 
the power dissipation) 
removes concern 
for heat sinking. 


Note 4: Both 
'OUT1 and IOUT2 must 
go to ground 
or the virtual 
ground 
of an operational 
amplifier. 
The linearity 
error 
is degraded 
by approximately 
Vas 
+ VREF· For example, 
if VAEF = tOV then a 1 mV offset, 
VOS, on 'aun 
or IOUT2 will introduce 
an additional 
0.01 % linearity 
error. 
Not. 5: Guaranleed 
at VREF= ± 10VDCand VREF= ± 1 VDC' 


Nol.6: 
TMIN= - 40·C and TMAX= 85·C. 


Note 7: The unit FSR stands 
for full·scale 
range. Linearity 
Error and Power Supply 
Rejection 
specs are based on this unit to eliminate 
dependence 
on a par- 
ticularVREF 
value to indicate 
the true performance 
of the part. The Linearity 
Error specification 
of the OAC1208 is 0.012% of FSA(max). This guarantees 
that 


after performing 
a zero and full·scale 
adjustment, 
the plot of the 4096 analog 
voltage 
outputs 
will each be within 
0.012% 
x VREF of a straight 
line which 
passes through 
zero and full·scale. 
The unit ppm of FSR(parts 
per million 
of full·scale 
range) and ppm of FS(parts 
permillion 
of full-scale) 
are used forconven- 
ience to define 
specs of very small percentage 
values, typical 
of higher accuracy 
converters. 
In this instance, 
1 ppm of FSR = VREF/106 is the conversion 
fac- 


tor to provide 
an actual 
output 
voltage 
quantity. 
For example, 
the gain error tempco 
spec of 
± 6 ppm of FS/oC represents 
a worst-case 
full-scale 
gain error 
change 
with temperature 
from -40·C to + 85·Cof ± (6)(VREF/106)(125·C) 
or ±0.75 (10-3) VREFwhich 
is ±O.075%of VREF. 


Note 8: This spec implies 
that all parts are guaranteed 
to operate with a write pulse or transfer 
pulse width (tW) of320 ns. A typical 
part will operate with tw of 
only 100 ns. The entire write 
pulse must occur within 
the valid data interval 
for the specified 
tw, tos, 
tOH and ts to apply. 


Note 9: To achieve 
this low feedthrough 
ill the 0 package, 
the user must ground 
the metal 
lid. If the lid is left floating 
the feedthrough 
is typically 
6 mV. 


Note 10: Guaranteed 
by design 
but not tested. 


Note 11: A 10 nA leakage 
current 
with RFb = 20k and VREF = tOV corresponds 
to a zero error of (10 x 10-9 x 20 x 103) x 100% tOV or 0.002% of FS. 


Connection Diagrams 
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Switching Waveforms 
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Typical Performance Characteristics 


Digital 
Input 
Threshold 
Digital 
Input 
Threshold 
vs 
Gain 
and Linearity 
Error 
vs Vcc 
Temperature 
Variation 
vs Temperature 
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CONTROL 
SIGNALS 
(all 
control 
signals 
are 
level 


actuated) 
CS: Chip Select 
(active 
low). The CS will 
enable 
WR1. 


WR1: 
Write 
1. The active 
low WR1 is used to load the digit· 


al data 
bits (DI) into the input 
latch. 
The data 
in the input 


latch 
is latched 
when 
WR1 is high. The 12-bit 
input 
latch 


is split 
into two latches, 
one holds the first8 
bits, while 
the 


other 
holds 
4 bits. The Byte 1/Byte 2 control 
pin is used to 


select 
both 
latches 
when 
Byte 1/Byte 
2 is high or to over- 


write 
the 4·bit 
input 
latch 
when 
in the low state. 


Byte 1/Byte 
2: 
Byte Sequence 
Control. 
When 
this 
control 


is high, 
all 
12 locations 
of the 
input 
latch 
are enabled. 
When 
low, only the four 
least 
significant 
locations 
of the 


input 
latch 
are enabled. 


WR2: 
Write 
2 (active 
low). The WR2 will 
enable 
XFER. 


XFER: 
Transfer 
Control 
Signal 
(active 
low). This signai, 
in 


combination 
with 
WR2, 
causes 
the 
12·bit 
data 
which 
is 


available 
in 
the 
input 
latches 
to 
transfer 
to 
the 
DAC 


register. 


010 to 
0111: Digital 
Inputs. 
DID is the 
least 
significant 


digital 
input 
(LSB) and DI11 is the most 
significant 
digital 


input 
(MSB). 


IOUT1: DAC Current 
Output 
1. IOUT1 is a maximum 
for a 


digital 
code of all 1s in the DAC register, 
and is zero for all 


Os in the DAC register. 


IOUT2: DAC Current 
Output 
2. IOUT2 is a constant 
minus 


loun, 
or 
loun + IOUT2= constant 
(for 
a fixed 
reference 


voltage). 
This constant 
current 
is 


VREFX 
(1 
__ 
1 
) 


4096 


divided 
by the reference 
input 
resistance. 


RFb: Feedback 
Resistor. 
The feedback 
resistor 
is provid- 


ed on the Ie chip for use as the shunt 
feedback 
resistor 
for 


the external 
op amp 
which 
is used 
to provide 
an output 


voltage 
for the DAC. This 
on-chip 
resistor 
should 
always 


be used 
(not 
an external 
resistor) 
since 
it matches 
the 


resistors 
which 
are used 
in the on-chip 
R·2R ladder 
and 


tracks 
these 
resistors 
over temperature. 


VREF: Reference 
Voltage 
Input. This input connects 
an ex- 


ternal 
precision 
voltage 
source 
to the internal 
R-2R ladder. 
V REFcan be selected 
over the range of 1OV to -1 OV.This is 


also the analog 
voltage 
input 
for a 4-quadrant 
multiplying 


DAC application. 


a) End point 
test after 
zero 


and FS adjust 


Vcc: 
Digital 
Supply 
Voltage. 
This 
is the power 
supply 
pin 


forthe 
part. Vcc can be from 5 Voc to 15 Voc. Operation 
is 


optimum 
for 15 Voc. 


AGND: 
Analog 
Ground. 
This is the ground 
for the analog 


circuitry. 


DGND: 
Digital 
Ground. 
This 
Is the ground 
for the digital 


logic. 


Definition 
of Terms 


Resolution: 
Resolution 
is defined 
as the reciprocal 
of the 


number 
of discrete 
steps 
in the DAC output. 
It is directly 


related 
to the number 
of switches 
or bits within 
the DAC. 


For 
example, 
the 
DAC1208 
has 
212 or 4096 
steps 
and 


therefore 
has 12-bit resolution. 


Linearity 
Error: 
Linearity 
error 
is the maximum 
deviation 


from 
a straight 
line passing 
through 
the endpoints 
of the 


DAC transfer 
characteristic. 
It is measured 
after adjusting 


for zero and full-scale. 
Linearity 
error is a parameter 
intrin- 


sic to the device 
and cannot 
be externally 
adjusted. 


National's 
linearity 
test 
(a) and the best straight 
iine test 


(b) used by other 
suppliers 
are illustrated 
below. 
The best 


straight 
line (b) requires 
a special 
zero and FS adjustment 


for each 
part, which 
is almost 
impossible 
for the user to 


determine. 
The end point 
test uses a standard 
zero FS ad· 


justment 
procedure 
and is a much 
more stringent 
test for 


DAC linearity. 


Power 
Supply 
Sensitivity: 
Power 
supply 
sensitivity 
is a 


measure 
of the 
effect 
of 
power 
supply 
changes 
on the 


DAC full-scale 
output. 


Settling 
Time: 
Full-scale 
current 
settling 
time 
requires 


zero to full-scale 
or full-scale 
to zero output 
change. 
Set- 


tling 
time 
is the time 
required 
from 
a code transition 
until 


the DAC output 
reaches 
within 
± 1/2 LSB of the final 
out- 


put value. 


Full·Scale 
Error: 
Full-scale 
error 
is a measure 
of the out- 


put error between 
an ideal 
DAC and the actual 
device 
out· 


put. 
Ideally, 
for 
the 
DAC1208 
or 
DAC1230 
series, 
full- 


scale 
is VREF-1 LSB. For VREF= 10V and 
unipolar 
opera- 


tion, 
VFULL.SCALE= 10.0000V-2.44 
mV = 9.9976V. 
Full- 


scale 
error 
is adjustable 
to zero. 


Differential 
Non·Linearity: 
The 
difference 
between 
any 


two 
consecutive 
codes 
in the 
transfer 
curve 
from 
the 


theoretical 
1 LSB is differential 
non-linearity. 


Monotonic: 
If the output 
of a DAC increases 
for increas- 


ing digital 
input 
code, then the DAC is monotonic. 
A 12-bit 


DAC which 
is monotonic 
to 12 bits simply 
means 
that 
in- 


put increasing 
digital 
input codes 
will produce 
an increas- 


ing analog 
output. 


b) Shifting 
FS adjust 
to pass 


best straight 
line test 
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These DACs are designed 
to provide 
all of the necessary 
digital 
input circuitry \0 permit a direct 
interface 
to a wide 


variety 
of microprocessor 
systems. 
The timing 
and logic 


level convention 
of the 
input 
control 
signals 
allow 
the 
DACs to be treated 
as a typical 
memory device or 110 peri- 


pheral 
with 
no external 
logic 
required 
in most 
systems. 


Essentially 
these 
DACs 
can 
be mapped 
as a two-byte 


stack 
in memory (or 110 space) to receive their 12 bits of in- 


put data in two successive 
B-bit data writing 
sequences. 
The DAC1230 series is intended 
for use in systems 
with an 


B-bit data bus. The DAC120B series provides 
all 12 digital 


input 
lines which 
can be externally 
configured 
to be con· 


trolled 
from 
an B-bit bus or can be driven directly 
from a 


16-bit data bus. 
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In non-microprocessor 
based 
systems. 
To 


prevent 
damage 
to the 
chip 
from 
static 
discharge, 
all 
unused digital 
inputs should 
be tied to Vcc or ground. As a 
troubleshooting 
aid, 
if any of the 
digital 
inputs 
are in· 
advertently 
left floating, 
the DAC will interpret 
the pin as a 
logic "1". 


Double buffered 
digital 
inputs 
allow the DAC to internally 


format 
the 12-bit word 
used to set the current 
switching 
R-2R ladder 
network 
(see section 
2.0) from two B-bit data 
write 
cycles. 
Figures 
1 and 
2 show 
the 
internal 
data 
registers 
and their 
controlling 
logic 
circuitry. 
The timing 


diagrams 
for updating 
the DAC output 
are shown 
in sec- 
tions 1.1, 1.2 and 1.3 for three possible 
control 
modes. The 


method 
used 
depends 
strictly 
upon 
the 
particular 


application. 
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FIGURE 
2. 
DAC1230, 
DAC1231, 
DAC1232 
Functional 
Diagram 


B·194 


Application Hints (Continued) 


1.1 Automatic 
Transfer 


The 12·bit DAC word is automatically 
transferred 
to the DAC register 
and the R-2R ladder when the second 
write (the 4 LSBs of 


the data) 
occurs. 


DATA 
BUS 
---(" 
v_A_L_'o 
),.------(~ 
__ 
V_A_L_'o 
),.------- 


cs~ 
/ 
\_--_/ 
\_----- 
ANALOG 
OUTPUT 
/j 


PoATEo 


\ 
'ANALOG 
OUTPUT 
_._~___ 
LATCHED 
\_-_/ 


LOAD 
8-BIT 
INPUT 
LATCH 
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1.2 Independent 
Processor 
Transfer 
Control 


In this 
case 
a separate 
address 
is decoded 
to provide 
the XFER signal. 
This allows 
the processor 
to load the next required 
DAC word but not change 
the analog 
output 
until some time later, most useful 
for the simultaneous 
updating 
of several 
DACs 
in a system 
where 
their 
XFER 
lines 
would 
be tied together. 
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ANALOG 
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LOAD 
8-BIT 
INPUT 
LATCH 
(HIT 
INPUT 


LATCH 
ALSO 
CHANGED) 


1.3 Transfer 
via an External 
Strobe 


This 
method 
is basically 
the same 
as the previous 
operation 
except 
the XFER signal 
is provided 
by a device 
other 
than 
the 
processor. 
This allows 
the DAC to hold the code for a conditional 
analog 
output 
signal 
which 
will be required 
on demand 
from 
an external 
monitoring 
device 
(an analog 
voltage 
comparator 
for instance). 
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It is important 
to realize that the input 
registers 
of these 


DACs 
are arranged 
to accept 
a left-justified 
data 
word 


from the microprocessor 
with the most significant 
8 bits 


coming 
first 
(Byte 
1) and the 
lower 
4 bits 
second. 
Left 


justification 
simply 
means 
that 
the 
binary 
point 
is as- 


sumed to be located 
to the left of the most significant 
bit. 


Figure 
3 shows 
how the 12 bits of DAC data 
should 
be 


arranged 
in 2 8-bit registers 
of an 8-bit processor 
before 
being written 
to the DAC. 
I--HIBYTE--I-- 
LO BVTE--I 


I MSS-'OACOATAElS8 
x X x xl 
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1.5 16·Bit Data Bus Interface 


The DAC1208 series 
provides 
all 12 digital 
input 
lines to 


permit a direct parallel 
interface 
to a 16-bit data bus. In this 


instance, 
double 
buffering 
is not always 
necessary 
(un- 


less a simultaneous 
updating 
of several 
DACs or a data 


transfer 
via an external 
strobe is desired) so the 12-bit DAC 


register 
can be wired 
to flow-through 
whereby 
its Q out- 


puts always 
reflect 
the state of its D inputs. 
The external 


connections 
required 
and 
the 
timing 
diagram 
for 
this 


single 
buffered 
application 
are shown 
in Figure 
4. Note 


that 
either 
left or right-justified 
data 
from 
the processor 
can be accommodated 
with a 16-bit data bus. 


1.6 Flow·Through 
Operation 


Through 
primarily 
designed 
to provide 
microprocessor 


interface 
compatibility, 
the 
MICRO-DACs 
can easily 
be 
configured 
to allow 
the 
analog 
output 
to continuously 


reflect 
the state 
of an applied 
digital 
input. 
This is most 


useful 
in applications 
where 
the DAC is used in a con- 


tinuous 
feedback 
control 
loop and is driven by a binary up- 


down counter, 
or in function 
generation 
circuits 
where a 


ROM is continuously 
providing 
DAC data. 
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FIGURE 4. 16·Bit Data Bus Interface 
lor the DAC1208 Series 
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Only 
the DAC1208, 
DAC1209, 
DAC1210 
devices 
can have 
all 
12 inputs 
flow-through. 
Simply 
grounding 
CS, WR1, 


WR2 and XFER and tying 
Byte 
1/Byte 
2 high allows 
both 


internal 
registers 
to follow 
the applied 
digital 
inputs 
(flow- 
through) 
and directly 
affect 
the DAC analog 
output. 


1.7 Address 
Decoding 
Tips 


It is possible 
to map the MICRO·DACs 
into system 
ROM 
space 
to 
allow 
more 
efficient 
use 
of 
existing 
address 
decoding 
hardware. 
The 
DAC 
in effect 
could 
share 
the 
same 
addresses 
of any 
number 
of 
ROM 
locations. 
The 
ROM outputs 
will only be enabled 
by a READ of its address 
(gated 
by the system 
READ strobe) 
and the DAC will only 
accept 
data 
that 
is written 
to the same 
address 
(gated 
by 


the system 
WRITE 
strobe). 


The 
Byte 
1/Byte 
2 control 
function 
can easily 
be gener· 
ated 
by the processor's 
least 
significant 
address 
bit (AO) 
by placing 
the DAC at two consecutive 
address 
locations 
and 
utilizing 
double-byte 
WRITE 
instructions 
which 
automatically 
increment 
or decrement 
the 
address. 
The 
CS and XFER signals 
would 
then 
be decoded 
from the re- 
maining 
address 
bits. Care must 
be taken 
in selecting 
the 
actual 
address 
used 
for 
Byte 
1 of the 
DAC to prevent 
a 
carry 
(as a result 
of incrementing 
the address 
for Byte 2) 
from propagating 
through 
the address 
word and changing 
any of the 
bits 
being 
decoded 
for CS or XFER. Figure 5 
shows 
how to prevent 
this 
effect. 


The same problem 
can occur 
from a borrow 
when an auto- 
decremented 
address 
is used; 
but only 
if the processor's 
address 
outputs 
are inverted 
before 
being 
decoded. 


1.8 Control 
Signal 
Timing 


When 
interfacing 
these 
MICRO·DACs 
to 
any 
micropro- 


cessor, 
there 
are two 
important 
time 
relationships 
that 
must be considered 
to insure 
proper 
operation. 
The first 
is 


the minimum 
WR strobe 
pulse width 
which 
is specified 
as 
320 ns forVcc 
= 11.4V to 15.75V and operation 
overtemper- 
ature, 
but 
typically 
a pulse 
width 
of only 
250 ns is ade- 


quate. 
A second 
consideration 
is that 
the 
guaranteed 
minimum 
data 
hold time of 90 ns should 
be met or errone- 


ous data 
can be latched. 
This 
hold time 
is defined 
as the 


length 
of time data must be held valid on the digital 
inputs 
after 
a qualified 
(via CS) WR strobe 
makes 
a low to high 
transition 
to latch 
the applied 
data. 


If the 
controlling 
device 
or system 
does 
not 
inherently 
meet these timing 
specs 
the DAC can be treated 
as a slow 


memory 
or peripheral 
and utilize 
a technique 
to extend 
the 


write 
strobe. 
A simple 
extension 
of the write 
time, 
byadd- 


ing a wait state, 
can simultaneously 
hold the write 
strobe 
active 
and data 
valid 
on the bus to satisfy 
the minimum 
WR pulse 
width. 
If this 
does 
not provide 
a sufficient 
data 
hold time at the end of the write cycle, 
a negative 
edge trig- 


gered one-shot 
can be included 
between 
the system 
write 


strobe 
and 
the WR pin of the DAC. This 
is illustrated 
in 
':.!!lure 6 for an exemplary 
system 
which 
provides 
a 250 ns 
WR strobe 
time 
with 
a data 
hold time 
of only 
10 ns. 
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pulse width is within spec and the data is valid on the bus 
for the duration of the DAC WR strobe. 


1.9 Digital 
Signal Feedthrough 


A typical digital/microprocessor 
is a tremendous poten- 
tial source of high frequency noise which can be coupled 
to sensitive analog circuitry. The fast edges of the data 
and address bus signals generate frequency components 
of 10's of megahertz and may cause fast transients 
to 


appear at the DAC output, even when data is latched 
internally. 


In low frequency or DCapplications,low 
pass filtering can 


reduce the magnitude of any fast transients. This is most 
easily accomplished by over·compensating the DAC out- 
put amplifier 
by increasing 
the value of its feedback 


capacitor. 


u••.•• 
" ••"u up amp, TIttering may not be feasible. In this 


event, digital signals can be completely isolated from the 
DAC circuitry, by the use of a DM74LS374 latch, until a 
valid CS signal is applied to update the DAC. This is 
shown in Figure 
7. 


A single TRI·STATE'" data buffer such as the DM81LS95 
can be used to isolate any number of DACs in a system. 
Figure 8 shows this isolating circuitry and decoding hard· 
ware for a multiple 
DAC analog output 
card. Pull·up 


resistors are used on the buffer outputs to limit the imped· 
ance at the DAC digital 
inputs when the card is not 


selected. A unique feature of this card is that the DAC 
XFER strobes are controlled by the data bus. This allows 
a very flexible update of any combination of analog out- 
puts via a transfer word which would contain a zero in the 
bit position 
assigned to any of the DACs required to 


change to a new output value. 
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Application Hints (Continued) 


2.0 ANALOG 
APPLICATIONS 


The analog 
output 
signal 
for these 
DACs is derived 
from a 


conventional 
R-2R current 
switching 
ladder 
network. 
A 


detailed 
description 
of this 
network 
can be found 
on the 


DAC1000 
series 
data 
sheet. 
Basically, 
output 
IOUT1 


provides 
a current 
directly 
proportional 
to the product 
of 


the applied 
reference 
voltage 
and the digital 
input word. A 


second 
output, 
IOUT2will 
be a current 
proportional 
to the 
complement 
of the digital 
input. 
Specifically: 


I 
_ VREF x _~D_. 
OUT'- 
15k 
4096' 


I 
_ V REFx 4095 - D 


OUT2- 
15k 
4096 


where 
D is the 
decimal 
equivalent 
of the 
applied 
12·bit 


binary 
word 
(ranging 
from 
0 to 4095), VREF is the voltage 


applied 
to the VREFterminal 
and 15 kG is the nominal 
value 


of the internal 
resistance, 
R, of the R-2R ladder. 


2.1 
Obtaining 
a Unipolar 
Output 
Voltage 


To maintain 
linearity 
of output 
current 
with changes 
in the 


applied 
digital 
code, 
it is important 
that 
the voltages 
at 


both of the current 
output 
pins be as near ground 
potential 


(0 Voc) 
as 
possible. 
With 
VREF= + 10V every 
millivolt 


appearing 
at 
either 
IOUT1 or 
IOUT2 will 
cause 
a 0.01 % 
linearity 
error. In most 
applications 
this 
output 
current 
is 


converted 
to a voltage 
by using 
an op amp 
as shown 
in 


Figure 
9. 


The 
inverting 
input 
of 
the 
op 
amp 
is a virtual 
ground 


created 
by the feedback 
from 
its output 
through 
the inter- 


nal 
15 kG resistor, 
RFb. All 
of the 
output 
current 
(deter- 


mined 
by the digital 
input 
and the reference 
voltage) 
will 


flow 
through 
RFb to 
the 
output 
of 
the 
amplifier. 
Two- 


quadrant 
operation 
can 
be 
obtained 
by 
reversing 
the 


polarity 
of VREF thus 
causing 
lOUT' to flow 
into 
the DAC 


and be sourced 
from 
the output 
of the amplifier. 
The out- 
put voltage, 
in either 
case, 
is always 
equal 
to lOUT' x RFb 


and is the opposite 
polarity 
of the reference 
voltage. 


The reference 
can be either 
a stable 
DC voltage 
source 
or 


an AC signal 
anywhere 
in the range 
from 
-10V 
to + 10V. 


The DAC can be thought 
of as a digitally 
controlled 
attenu- 


ator: 
the output 
voltage 
is always 
less 
than 
the 
applied 


reference 
voltage. 
The 
V REF terminal 
of 
the 
device 


presents 
a nominal 
impedance 
of 15 kG to ground 
to exter- 


nal circuitry. 


Always 
use the internal 
RFb resistor 
to create 
an output 


voltage 
since 
this 
resistor 
matches 
(and tracks 
with 
tem- 


perature) 
the value 
of the resistors 
used to generate 
the 


output 
current 
(IOUT1). 


The selected 
op amp should 
have as Iowa 
value 
of input 


bias 
current 
as possible. 
The product 
of the bias current 


times 
the feedback 
resistance 
creates 
an output 
voltage 


error 
which 
can 
be significant 
in low 
reference 
voltage 


applications. 
BI_FET™ op amps 
are highly 
recommended 


for use with 
these 
DACs 
because 
of their 
very low input 


current. 


VOUT= - (lOUT' x RFb) 


-VREF(O) 
=~ 


forOsOs4095 
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Transient 
response 
and 
settling 
time 
of the op amp 
are 


important 
in fast 
data 
throughput 
applications. 
The larg- 


est stability 
problem 
is the feedback 
poie created 
by the 


feedback 
resistance, 
RFb, and the output 
capacitance 
of 


the DAC. This appears 
from 
the op amp output 
to the (-) 


input 
and 
includes 
the 
stray 
capacitance 
at this 
node. 
Addition 
of a lead 
capacitance, 
Cc 
in Figure 
g, greatly 


reduces 
overshoot 
and 
ringing 
at the 
output 
for 
a step 


change 
in DAC output 
current. 


2.1.1 Zero and Full-Scale 
Adjustments 


For accurate 
conversions, 
the input 
offset 
voltage 
of the 


output 
amplifier 
must 
always 
be nulled. 
Amplifier 
offset 


errors 
create 
an overall 
degradation 
of DAC linearity. 


The fundamental 
purpose 
of zeroing 
is to make 
the volt- 


age appearing 
at the DAC outputs 
as near a Voc as possi- 


ble. 
This 
is 
accomplished 
by 
shorting 
out 
RFb, 
the 


amplifier 
feedback 
resistor, 
and adjusting 
the Vos nulling 


potentiometer 
of the op amp 
until 
the output 
reads 
zero 


volts. 
This is done, of course, 
with 
an applied 
digital 
code 


of all zeros if IOUT1is driving 
the op amp (all ones for 10UTZ)' 
The short 
around 
RFb is then removed 
and the converter 
is 


zero adjusted. 


A unique 
feature 
of this 
series 
of DACs 
is that 
the full- 
scale 
or gain error 
is guaranteed 
to be negative. 
The gain 


error specification 
is a measure 
of how close 
the value of 


2. 


15V 
vcc 


DAC1208 


±VREF 
10 


(-FULL-SCALE 
VAEF 


ADJUSTI 


the 
internal 
feedback 
resistor, 
RFb, matches 
the 
R-2R 


ladder 
resistors. 
A negative 
gain error indicates 
that 
RFb is 


a smaller 
resistance 
value than it should 
be. To adjust 
this 


gain 
error, 
some 
resistance 
must 
always 
be added 
in 
series with 
RFb. The 500 potentiometer 
shown 
is sufficient 


to adjust 
the worst-case 
gain error for these 
devices. 


The addition 
of a second 
op amp to the unipolar 
output 
cir- 


cuit 
can 
generate 
a bipolar 
output 
voltage 
from 
a fixed 


reference 
voltage. 
This, 
in effect, 
gives 
sign 
significance 


to the MSB of the digital 
input word to allow 
two quadrant 


mUltiplication 
of the reference 
voltage. 
The polarity 
of the 


reference 
can also 
be reversed 
to realize 
full 
4-quadrant 


multiplication. 
This circuit 
is shown 
in Figure 
10. 


This 
configuration 
features 
several 
improvements 
over 


existing 
circuits 
for 
a bipolar 
output 
shown 
with 
other 


multiplying 
DACs. 
Only 
the offset 
voltage 
of amplifier 
1 


affects 
the linearity 
of the DAC. The offset 
voltage 
error of 


the second 
op amp (although 
a constant 
output 
error) has 


no effect 
on linearity. 
In addition, 
this configuration 
offers 


a non-interactive 
positive 
and negative 
full-scale 
calibra- 


tion 
procedure. 
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TO calibrate 
the bipolar 
output 
circuit, 
three 
adjustments 


are required. 
The first 
step 
is to set all of the digital 
input 


LOW (to force 
'OUT1to 0) then 
null the Vos of amplifier 
1 by 


setting 
the voltage 
at its inverting 
input (pin 2) to zero volts. 
Next, 
with 
a code 
of all zeros 
still 
applied, 
adjust 
"- 
full- 


scale 
adjust", 
the 
reference 
voltage, 
for VOUT= ± IVREF 


ideai I. The poiarity 
of the output 
voltage 
at this 
time 
will 


be opposite 
that of the applied 
reference. 
Finally, 
set all of 


the digital 
inputs 
HIGH and adjust "+ full-scale 
adjust" 
for 


VOUT= VREF 2047. 


2048 


I he pOlarity 
01 the output 
Will De the same 
as that 
01 the 


reference 
voltage. 


In this section 
the digital 
input 
word 
is represented 
by the 


letter 
D and is equal to the decimal 
equivalent 
of the 12-bit 


binary 
input. 
Hence 
D can be any integer 
value 
between 
0 


and 4095. 
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~National 
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Semiconductor 


DAC1218, DAC1219 12·Bit Binary Multiplying D/A Converter 


General Description 


The 
DAC1218 
and 
the 
DAC1219 
are 
12-bit 
binary, 
4-quadrant 
mUltiplying 
D to A converters. 
The linearity, 
dif- 


ferential 
non-linearity 
and monotonicity 
specifications 
for 
these 
converters 
are all guaranteed 
over temperature. 
In 


addition, 
these 
parameters 
are specified 
with 
standard 


zero and full-scale 
adjustment 
procedures 
as opposed 
to 


the impractical 
best fit straight 
line guarantee. 


This level of precision 
is achieved 
through 
the use of an 


advanced 
silicon-chromium 
(SiCr) 
R-2R resistor 
ladder 


network. 
This 
type 
of 
thin-film 
resistor 
eliminates 
the 


parasitic 
diode 
problems 
associated 
with 
diffused 


resistors 
to allow 
the applied 
reference 
voltage 
to range 


from 
- 25V 
to 
25V, 
independent 
of 
the 
logic 
supply 
voltage. 


CMOS 
current 
switches 
and drive 
circuitry 
are used to 


achieve 
low 
power 
consumption 
(20 mW 
typical) 
and 


minimize 
output 
leakage current 
errors (10 nA maximum). 
Unique 
digital 
input 
circuitry 
maintains 
TTL compatible 


input 
threshold 
voltages 
over the 
fUll operating 
supply 


voltage 
range. 


The DAC1218 and DAC1219 are direct 
replacements 
for 


the AD7541 series, AD7521 series, and AD7531 series with 
a significant 
improvement 
in the linearity 
specification. 
In 


applications 
where direct 
interface 
of the D to A converter 


to a microprocessor 
bus is desirable, 
the DAC1208 and 


DAC1230 
series 
eliminate 
the 
need 
for 
additional 


interface 
logic. 


• 
Linearity 
specified 
with zero and fUll-scale 
adjust 
only 


• 
Logic 
inputs 
which 
meet TTL voltage 
level specs (1.4V 


logic threshold) 


• 
Works 
with 
± 10V 
reference-full 
4·quadrant 


multiplication 


• 
All parts guaranteed 
12-bit monotonic 


• 
Current Settling 
Time 


• 
Resolution 


• 
Linearity(Guaranteed 
over temperature) 


• 
Gain Tempco 
• 
Low Power Dissipation 


• 
Single PowerSupply 


11's 
12Bits 


12 Bits(DAC1218) 
11 Bits(DAC1219) 


1.5ppm/oC 


20mW 


5 VDCto 15 VDC 


DIGITAL 


INPUT 


VOUT = - VREF 
(~ 
+ ~ 
+ ~ 
+ .. A12 ) 


2484096 


where: AN = 1 if digital input is high 


AN = 0 if digital input is low 


loun 


18 
• 
RFb 


IOUT2 


17 


VREF 


ANALOG 
GND 


16 


OUTPUT 
Vee 


AHMSB) 
15 
A12 


" 
15V 
A2 
All 


13 
Alo 
A3 


A4 


12 
A9 


A5 
11 
AS 


10 


A6 
A7 


Order Number DAC1218LD, DAC1218LCD, 


DAC1219LD or DAC1219LCD 


See NS Package D18A 


Absolute Maximum Ratings (Notes 
1 and 2) 
Operating Ratings 


Supply 
Voltage 
(Vecl 
17Voe 
Temperature 
Range 


Voltage 
at Any Digital 
Input 
VeetoGND 
DAC1218LD, 
DAC1219LD 
-55·Cto 
+125·C 


Voltage 
at VREFlnput 
±25V 
DAC1218LCD, 
DAC1219LCD 
-40·Cto 
+85·C 


Storage 
Temperature 
Range 
-65·Cto 
+ 150·C 
RangeofVec 
5 Voe to 16 Voe 


Package 
Dissipation 
atTA = 25·C (Note 3) 
500mW 
Voltage 
at Any Digital 
Input 
VeetoGND 


DC Voltage 
Applied 
to loun 
or IOUT2 
-100mVtoVee 
(Note 4) 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical Characteristics 
TA= 25·C, VREF= 10.000 Voc, Vee = 11.4 Voe to 15.75 Voe unless 
otherwise 
noted. 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 
Notes 


Resolution 
12 
12 
12 
Bits 


Linearity 
Error 
Zero and Full-Scale 
4, 7 


(End Point 
Linearity) 
Adjusted 


TMIN<TA <T MAX 
6 


-10V" 
VREF" 10V 
5 


DAC1218 
0.012 
% of FSR 


DAC1219 
0.024 
% of FSR 


Differential 
Non-Linearity 
Zero and Full-Scale 
4, 7 


Adjusted 


TMIN<TA<TMAX 
6 


-10V" 
VREF" 10V 
5 


DAC1218 
0.012 
% of FSR 


DAC1219 
0.024 
% of FSR 


Monotonicity 
TMIN<TA<TMAX 
4,6 


-10V 
"VREF" 
10V 
12 
12 
12 
Bits 
5 


Gain 
Error 
Using 
Internal 
RFb 


-10V 
"VREF" 
10V 
-0.2 
-0.01 
0.0 
% of FSR 
5, 7 


Gain 
Error Tempco 
TMIN<TA<TMAX 
6,7 


Using 
Internal 
RFb 
± 1.3 
±6.0 
ppm of FS/·C 
9 


Power 
Supply 
Rejection 
All Digital 
Inputs 
High 
±3.0 
ppm of FSRN 
7 


Reference 
Input 
Resistance 
10 
15 
20 
kn 


Output 
Feedthrough 
Error 
VREF= 20 Vp-p, f = 100 kHz 
3 
mVp-p 


All Data 
Inputs 
Low 


D Package 
3 
mVp-p 
8 


Output 
Capacitance 
All Data 
Inputs 
10UTl 
200 
pF 


High 
IOUT2 
70 
pF 


All Data 
Inputs 
'oun 
70 
pF 


Low 
'OUT2 
200 
pF 


Supply 
Current 
Drain 
TMIN"TA"TMAX 
1.2 
2.0 
mA 
6 


Output 
Leakage 
Current 
- 40·C to 
+ 85·C 
6,10 


IOUT1 
All Data 
Inputs 
Low 
10 
nA 


IOUT2 
All Data 
Inputs 
High 
10 
nA 


Output 
Leakage 
Current 
- 55·C to 
+ 125·C 


lOUT' 
All Data 
Inputs 
Low 
100 
nA 


IOUT2 
All Data 
Inputs 
High 
100 
nA 


Digital 
Input 
Threshold 
TMIN"TA"TMAX 
6 


Low Threshold 
0.8 
Voe 


High Threshold 
2.0 
Voe 


Digital 
Input 
Currents 
TMIN"TA"T 
MAX 
6 


Digital 
Inputs 
<0.8V 
-50 
-200 
I'Aoe 


Digital 
Inputs 
>2.0V 
0.1 
10 
I'Aoe 


ts 
Current 
Settling 
Time 
RL = 100n, Output 
Settled 
1 
I's 


to 0.01 %, All Digital 
Inputs 


Switched 
Simultaneously 


imply that the devices 
should 
be operated 
at these "Absolute 
Maximum" 
limits. 


Note 2: All voltages 
are measured 
with respect 
to GND, unless 
otherwise 
specified. 


Note 3: This 500 mW specification 
applies 
for all packages. 
The low intrinsic 
power dissipation 
of this part (and the fact that there is no way to significantly 
modify 
the power dissipation) 
removes 
concern 
for heat sinking. 


Note 4: 80th 
IOUT1 and IOUT2 must 
go to ground 
or the virtual 
ground 
of an operational 
amplifier. 
The linearity 
error 
is degraded 
by approximately 


VOS'" 
VREF· For example, 
if VREF = 10V then a 1 mV offset, 
VOS, on loun 
or IOUT2 will introduce 
an additional 
0.01 % linearity 
error. 


Noto 5: Guaranteed 
at YREF= ±,O YOCand YREF= ± 1 YOC' 


Note 6: TMIN= -'O"C 
and TMAX=8S"C for "LCD" suffix 
parts. 


Note 7: The unit FSR stands for full-scale 
range. Linearity 
Error and Power Supply 
Rejection 
specs are based on this unit to eliminate 
dependence 
on a par- 


ticular 
VREF value to indicate 
the true performance 
of the part. The Linearity 
Error specification 
of the DAC1218 is 0.012% of FSR. This guarantees 
that after 
performing 
a zero and full-scale 
adjustment, 
the plot of the 4096 analog voltage 
outputs 
will each be within 
0.012% 
x VREF of a straight 
line which 
passes 


through 
zero and full-scale. 
The unit ppm of FSR(parts 
per million 
of full-scale 
range) and ppm of FS (parts permillion 
of full-scale) 
are used for convenience 
to 
define specs of very small percentage 
values, typical 
of higher accuracy 
converters. 
1 ppm of FSR = VREF/106 is the conversion 
factor to provide an actual out- 
put voltage 
quantity. 
Forexample, 
the gain errortempco 
spec of ± 6 ppm of FS/oC 
represents 
a worst-case 
full-scale 
gain error change with temperature 
from 
-'O"C 
to +8S"C of ±(6)(VREF"o")('2S"C) or ±0.7S (10-3) YREFwhich 
is ±O.07S%of YREF. 


Note 8: To achieve 
this low feedthrough 
in the 0 package, 
the user must ground 
the metal lid. If the lid is left floating 
the feedthrough 
is typically 
6 mY. 


Note 9: 
Guaranteed 
by design 
but not tested. 


Note 10: A 10 nA leakage 
current 
with RFb = 20k and VREF = 10V corresponds 
to a zero error of (10 x 10-9 
x 20 x 103) x 100-/. 10V or 0.002% of FS. 


Typical Performance Characteristics 


Digital 
Input 
Threshold 
vs Vcc 


Digital 
Input 
Threshold 
vs 
Temperature 
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Gain 
and Linearity 
Error 
Variation 
vs Temperature 
Gain 
and Linearity 
Error 


Variation 
vs Supply 
Voltage 


g 
0.01 
'"~ 
0.005 


o 


Vee" 15 Voc 
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-j:"- 
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_" ". 
a lINEARITV 
~-o.oos 


~ 
-0.01 


~-0.005 


~ 
-0.01 


A1 
to 
A12: 
Digital 
Inputs. 
A12 
is the 
least 
significant 
digital 
input 
(LSB) and A1 is the most 
significant 
digital 


input 
(MSB). 


loun: 
DAC 
Current 
Output 
1. lOUT' is a maximum 
for a 
digital 
input of all1s. 
and is zero for a digital 
input of aliOs. 


IOUT2: DAC Current 
Output 
2. IOUT2 is a constant 
minus 


loun. 
or 
'oun + 'OUT2= constant 
(for 
a fixed 
reference 


Yoltage). 


RFtr 
Feedback 
Resistor. 
The feedback 
resistor 
is provid- 
ed on the IC chip for use as the shunt 
feedback 
resistor 
for 
the external 
op amp 
which 
is used 
to provide 
an output 
voltage 
for the DAC. This 
on-chip 
resistor 
should 
always 


be used 
(not 
an external 
resistor) 
since 
it matches 
the 
resistors 
which 
are used 
in the on-chip 
R-2R ladder 
and 
tracks 
these 
resistors 
over temperature. 


VREF: Reference 
Voltage 
Input. 
This input 
connects 
to an 
external 
precision 
voltage 
source 
to the internal 
R-2R lad- 


der. VREF can be selected 
over the range 
of 10V to 
-10V. 


This 
is also 
the 
analog 
Yoltage 
input 
for 
a 4-quadrant 
multiplying 
DAC application. 


Vcc: 
Digital 
Supply 
Voltage. 
This 
is the power 
supply 
pin 
for the part. Vcc can be from 5 Voc to 15 Voc. Operation 
is 
optimum 
for 15 Voc. 


GND: 
Ground. 
This 
is the ground 
for the circuit. 


Resolution: 
Resolution is defined as the reciprocal of the 


number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. 
For example, the DAC1218 has 2'2 or 4096 steps and 
therefore has 12-bit resolution. 


Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrin- 
sic to the device and cannot be externally adjusted. 


National's linearity test (a) and the best straight line test 
(b) used by other suppliers are illustrated below. The best 
straight line (b)requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 


Power Supply Sensitivity: 
Power supply sensitivity 
is a 


measure of the effect of power supply changes on the 
DAC full-scale output. 


a) End point test after zero 
and FS adjust 


Settling Time: Full-scale current settling 
time requires 
zero to full-scale or full-scale to zero output change. Set- 
tling time is the time required from a code transition until 
the DAC output reaches within ± 1/2 LSB of the final out- 
put value. 


Full-Scale Error: Full-scale error is a measure of the out- 
put error between an ideal DAC and the actual device out- 
put. Ideally, for the DAC1218full-scale is VREF-1LSB. For 
VREF= 10V and 
unipolar 
operation, 
VFULL-SCALE= 


10.0000V- 2.44mV = 9.9976V.Full-scale error is adjustable 
to zero. 


Differential 
Non-Linearity: 
The difference 
between any 


two consecutive 
codes in the transfer curve from the 


theoretical 1 LSB is differential 
non-linearity. 


Monotonic: 
If the output of a DAC increases for increas- 


ing digital input code, then the DAC is monotonic. A 12-bit 
DAC which is monotonic to 12 bits simply means that in- 
put increasing digital input codes will produce an increas- 
ing analog out.put. 


b) Shifting FS adjust to 
pass best straight line 
test 


~National 
~ 
Semiconductor 


The DAC1280 series 
is a family 
of precision, 
low cost, fully 


self-contained 
digital-to-analog 
converters. 
The devices 


include 
12 precision 
current 
switches, 
a 12-bit thin 
film 


resistor 
network, 
output 
amplifier, 
buffered 
internal 


reference, 
and several 
precision 
resistors, 
which 
allow 
the 


user to tailor 
his system 
needs to accommodate 
a variety 


of bipolar 
and unipolar 
output 
voltage 
and current 
ranges. 


Logic 
inputs 
are TTL, DTL and CMOS compatible, 
and are 


complementary 
binary 
(CBI) 
formal. 
In all 
instances, 
a 
logic 
low (sO.BV) 
turns 
a given 
bit ON, and a logic 
high 


('" 2V) turns 
a given 
bit OFF. Internally 
supplied 
resistor 


options 
provide 
low drift 
bipolar 
output 
voltage 
ranges 
of 


± 2.5V, ± 5V, ± 10V, and unipolar 
ranges 
of OV to 5V or OV 


to 10V. Current 
mode output 
is 0 mA to 2 mA. 


• 
Completely 
self-contained 
with 
internal 
reference 
and 


output 
amplifier 


• 
High 
reliability 
exact 
replacement 
for DACBO-CBI-V 
or 


DACBOZ-CBI-V 
• 
± 1/2 LSB linearity 
max over O·C to 70·C 
temperature 


range 
for DAC12BOA 
• 
± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V voltage 
outputs 


• 
0 mA to 2 mA current 
output 


• 
Fast 
settling 
time: 
300 ns current 
mode; 
2.5 p.s voltage 


mode 


• 
Standard 
24-pin 
IC package 


• 
Low cost 
• 
TTL 
CMOS 
compatible 
binary 
input 
logic 
over 


temperature 


'Vs 


2122 
11 


GAIN 
2J 


ADJUST 


REFERENCE 
16 


INPUT 


BIPOLAR 
17 


OFFSET 


1 
2 
J 
4 
~ 
6 
1 
8 
9 
10 
11 
12 


(MS8) 
(LSBI 


Connection Diagram 
Dual·ln·Line 
Package 


20 
CURRENT 
MODE 
OUTPUT 


(SUMMING 
JUNCTION) 


Order 
Number 
DAC1280ACD 
See NS Package 
D24G 


Absolute Maximum Ratings 


Supply Voltage (V + and V -) 
± 18V 
Short-Circuit 
Duration 
(Pins 15,20 and 24) 
Continuous 


Current Output (Pin 20) Voltage Compliance 
± 10V 
Operating 
Temperature 
Range 
O°C to +70°C 


Logic Input Voltage 
-0.7V,10V 
Storage Temperature 
Range 
-65·Cto 
+ 150·C 


Reference 
Input Voltage (VREF) 
OV,18V 
Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical Characteristics 
TA = O·C to 70·C, Vs = ± 11.4V to ± 15.75V for DAC1280A, Vs = ± 15V for DAC1280 unless otherwise 
noted. 


DAC1280A 
DAC1280 


Parameter 
Conditions 
Typ 
Typ 
Units 
Min 
Max 
Min 
Max 
(Note 1) 
(Note 1) 


CONVERTER 
CHARACTERISTICS 


Resolution 
12 
12 
Bits 


Linearity 
Error 
TA = 25·C 
± 1/4 
± 1/2 
±1/4 
± 1 


± 1/2 
±2 
LSB 


Differential 
Non-Linearity 
± 1/2 
±3/4 
±1/2 


Monotonicity 
12 
11 
12 
Bits 


Full-Scale 
(Gain) Error 
TA = 25·C (Note 2) 
±0.1 
±0.3 
±0.1 


% FSR 


Zero-Scale 
(Offset) 
Error 
TA = 25·C (Note 2) 
(Note 3) 
±0.02 
±0.15 
±0.02 


FUll-Scale 
(Gain) Tempco 
Internal 
Reference 
± 15 
±30 
±15 


External 
Constant 
±5 
±7 
±5 
ppm/·C 


Reference 


Zero-Scale 
(Offset) Tempco 
Unipolar 
+ 1 
+3 
+1 


Bipolar 
±3 
±10 
±3 
ppm 


Total 
Bipolar 
Tempco 
(Note 4 Includes 
Gain, Offset, 
± 10 
±20 
±10 
FSR/·C 


and Linearity 


Total Error (Note 5) 
Unipolar 
+0.08 
+0.15 
+0.08 
% FSR 
Bipolar 
±0.06 
±0.10 
±0.06 


Output 
Voltage 
Range 
Using Internally 
Supplied 
± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V 
Resistors 
(Note 6) 
V 


Output 
Voltage 
Swing 
RL"" 5 krl, Pin 15 
±10 
± 10 


Output 
Short Circuit 
Current 
Pin 15 
±5 
±25 
±50 
±5 
±25 
±50 
mA 


Output 
Resistance 
Pin 15, Closed 
Loop 
0.05 
0.05 
rl 


Current 
Mode Output 
Range 
Unipolar, 
Pin 20 
o to -2 
o to -2 
mA 
Bipolar, 
Pin 20 
± 1.0 
±1.0 


Current 
Mode Compliance 
±2.5 
±2.5 
V 


Current 
Mode Output 
Unipolar 
2 
2 
krl 
Impedance 
Bipolar 
1.5 
1.5 


REFERENCE 
CHARACTERISTICS 


Reference 
Voltage 
IREF:52 
mA, TA=25·C 
6.07 
6.2 
6.33 
6.2 
V 


Tempco 
of Drift 
± 10 
±20 
±10 
ppm/·C 


External 
Use Current 
2.5 
2.5 
mA 


Output 
Resistance 
0.05 
1.0 
0.05 
1_0 
rl 
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Parameter 
Conditions 
Typ 
Typ 
Units 


Min 
Max 
Min 
Max 
(Note 1) 
(Note 1) 


DIGITAL AND DC CHARACTERISTICS 


Logic "1" Input Voltage 
2.0 
2.0 


(Bit OFF) 
V 
Logic "0" 
Input Voltage 
0.8 
0.8 


(Bit ON) 


Logic "1" Input Current 
V1N=2.5V 
0.05 
1 
0.05 
1 
p.A 
Logic "0" 
Input Current 
V1N=OV 
-100 
-100 


Power Supply 
Current 
1+,TA=25'C 
10 
18 
10 
mA 
I 
, TA-25'C 
25 
30 
25 


Power Supply 
Sensitivity 
0.001 
0.002 
0.001 
% FSR/%V 


AC CHARACTERISTICS 


Voltage 
Mode Settling 
Time 
1 LSB Change 
400 
400 
ns 


FSR Change 
110V 
2.5 
2.5 


120V 
4 
4 
p's 


Voltage 
Mode Slew Rate 
TA = 25'C 
10 
15 
15 
V/p.s 


Current 
Mode Settling 
Time 
100 to 1000 Load 
300 
300 
ns 


Note 1: All typical values are for TA = 25°C. 


Note 2: Externally 
adjustable 
to zero. 


Note 3: FSR means "full·scale 
range" and is 20V for ± 10V range, 10V for ± 5V, etc. 


Note 4: See paragraph 2.0 for definition. 


Note 5: With gain and offset errors adjusted 
to zero at 25°C 


Note6: 
± Vs must have absolutevalue2Vgreaterthan 
VOUT. Output voltage ranges -lOVto 
+ 10VandOV to + lOV are not recommended withVS less than 12V. 


1.0 Definition of Terms 


1.1 Accuracy 


Accuracy 
of a D/A converter 
is the difference 
between 
the 
step sizes can range from 
1/2 LSB to 3/2 
LSB when the 
actual analog output that is measured 
when a given digital 
input changes 
from one adjacent 
input state to the next. 


code 
is applied 
and the analog 
output 
that 
is expected 
Monotonicity 
is 
guaranteed 
in 
the 
DAC1280A 
and 
with 
that code applied 
to the converter. 
Accuracy 
errors 
DAC1280 
to 
ensure 
that 
the 
analog 
output 
will 
not 
can be specified 
by the three 
parameters 
of gain or full- 
decrease 
with increasing 
input digital 
codes. 


scale error, zero-scale 
or offset 
error, and linearity 
error. 


1.4 Gain Tempco 


1.2 Linearity 
Error 
Gain tempco 
is a measure 
of the change 
in the full-scaie 
Linearity 
error is the maximum 
deviation 
from a straight 
range 
output 
over temperature 
expressed 
in parts 
per 
line 
passing 
through 
the endpoints 
of the DAC 
transfer 
million 
per 'C (ppm/'C). 


characteristic. 
It is measured 
after adjusting 
for zero and 


full-scale. 
Linearity 
error 
is a parameter 
intrinsic 
to the 
1.5 Offset 
Tempco 


device and cannot 
be externally 
adjusted. 


Offset tempco 
is a measure of the actual change in output 


1.3 Differential 
Linearity 
Error and Monotonicity 
with 
all "1"s on the input over the specified 
temperature 


range. The offset 
is measured 
at O'C, 25'C and 70'C. The 
Differential 
linearity 
error of a D/A converter 
is the devia- 
maximum 
change 
in offset 
is referenced 
to the offset 
at 
tion from an ideal 1 LSB voltage change from one adjacent 
25'C and is divided 
by the temperature 
range. This offset 
output 
state 
to 
the 
next. 
A differential 
linearity 
error 
change is expressed 
in parts per million 
of fUll-scale range 
specification 
of ± 1/2 LSB means that the output 
voltage 
per 'C (ppm of FSR/'C). 


1.6 Settling 
Time 


Settling 
time for each DAC1280A or DAC1280 is the total 


time (including 
slew time) required 
for the output 
to settle 


within 
an error band around its final value after a change in 


input (Figures 
1 and 2). 


Voltage 
Output. 
Three 
settling 
times 
are 
specified 
to 


± 0.01 % of full-scale 
range (FSR); two for maximum 
full- 


scale 
range 
changes 
of 20V, 10V and one for a 1 LSB 


change. The 1 LSB change 
is measured 
at the major carry 
(0111 ... 11 to 1000... 00), the point at which 
the worst case 


settling 
time occurs. 


Current 
Output. 
Settling 
time 
is specified 
to ± 0.01 % of 


FSR. This is given with a range of resistive 
loads: 
10lJ to 


100lJ. 


1.7 Compliance 


Compliance 
voltage 
is the 
maximum 
voltage 
swing 
al- 


lowed 
on the current 
output 
pin (pin 20). Note that 
the 


absolute 
current 
offset 
error 
with 
any 
DAC will 
be in- 


creased 
by an amount 
given by VouT/RoUT. In many situa· 
tions 
this will be a significant 
error term if the voltage 
on 


the current output 
pin is allowed to exceed a few millivolts. 


1.8 Power Supply Sensitivity 


Power supply 
sensitivity 
is a measure 
of the effect 
of a 


power 
supply 
change 
on the 
D/A 
converter 
output. 
It is 


defined 
as a percent of FSR per percent of change in either 
the positive, 
negative, or logic supplies 
about the nominal 


power supply 
voltages. 


1.9 Reference 
Supply 


The DAC1280A and DAC1280 are supplied 
with an internal 
6.2V reference 
voltage 
supply. 
This 
voltage 
(pin 24) is 


accurate 
to 
± 2% 
and 
must 
be 
connected 
to 
the 


Reference 
Input 
(pin 
16) for 
specified 
operation. 
This 


reference 
may also be used externally 
with external 
cur- 


rent drain 
limited 
to 2.5 mA. All gain adjustments 
should 


be made under constant 
load conditions. 
2.0 Analyzing Device Accuracy Over 
the Temperature Range 


For the purposes 
of temperature 
drift analysis, 
the major 


device components 
are shown 
in Figure 
3. The reference 
element 
and buffer 
amplifier 
drifts 
are combined 
to give 


the 
total 
reference 
temperature 
coefficient, 
which 
is 
specified 
as 
± 20 ppm/"C 
maximum 
for the 
DAC1280A. 


The input reference 
current 
to the DAC, IREF,is developed 


from the internal 
reference 
and will show the same drift 


rate as the 
reference 
voltage. 
The DAC output 
current, 


IOAc, which 
is a function 
of the 
digital 
input 
code, 
is 


designed 
to track 
IREF; if there 
is a slight 
mismatch 
in 
these 
currents 
over temperature, 
it will contribute 
to the 


gain TC. The bipolar 
offset 
resistor, 
Rep, and gain selling 
resistor, 
RGA1N,also have temperature 
coefficients 
which 
contribute 
to system 
drift errors. The input offset 
voltage 


drift of the output 
amplifier, 
OA, also contributes 
a small 


error. 


FIGURE 3. 
Bipolar Configuration 


There are three types of drift errors over temperature: 
off- 


set, 
gain, 
and 
linearity. 
Offset 
drift 
causes 
a vertical 


translation 
of the 
entire 
transfer 
curve; 
gain 
drift 
is a 


change 
in 
the 
slope 
of 
the 
curve; 
and 
linearity 
drift 


represents 
a change 
in the shape of the curve. The com- 


bination 
of 
these 
three 
drifts 
results 
in the 
complete 
specification 
for total error over temperature. 


Total error is defined 
as the deviation 
from a true straight 


line transfer 
characteristic 
from exactly zero at a digital 
in- 


put which calls for zero output 
to a point which 
is defined 


as full-scale. 
A specification 
for total error over tempera- 


ture assumes 
that both the zero and full-scale 
points have 


been trimmed 
for zero error at 25"C. Total error is normally 


expressed 
as a percentage 
of the full-scale 
range. In the 


bipolar situation, 
this means the total range from 
- VFs to 


+VFs· 


2.1 
Monotonicity 
and linearity 


The initial 
linearity 
error and the differential 
linearity 
error 


guarantee 
monotonic 
performance 
over the range 
of O·C 
to lO·C. It can therefore 
be assumed 
that 
linearity 
errors 


are 
insignificant 
in 
computation 
of 
total 
temperature 


errors. 


output 
amplifier 
(see Figure 
3) to generate 
a current 
which 
exactly 
balances 
the current 
of the MSB so that the output 
voltage 
is zero with 
only the MSB on. 


Note 
that 
if the DAC and application 
resistors 
track 
per- 
fectly, 
the 
bipolar 
offset 
drift 
will 
be zero 
even 
if the 


reference 
drifts. 
A change 
in the reference 
voltage, 
which 


causes 
a shift 
in the 
bipolar 
offset, 
will 
also 
cause 
an 
equivalent 
change 
in IREFand thus 
IOAC, so that 
IOACwill 
always 
be exactly 
balanced 
by Ispwith 
the MSB turned 
on. 
This 
effect 
is shown 
in Figure 
6. The 
net 
effect 
of the 
reference 
drift 
then 
is simply 
to cause 
a rotation 
in the 
transfer 
around 
bipolar 
zero. 
However, 
consideration 
of 
second 
order effects 
(which 
are often 
overlooked) 
reveals 
the errors 
in the bipolar 
mode. 
The unipolar 
offset 
drifts 
discussed 
before 
wi II have the same effect 
on the bipolar 
offset. 
A mismatch 
of Asp to the DAC resistors 
is usually 


the 
largest 
component 
of bipolar 
drift. 
Gain 
drift 
in the 
DAC also contributes 
to bipolar 
offset 
drift, 
as well as full- 


scale 
drift. 
In the bipolar 
ranges, 
full-scale 
is defined 
as 
the total 
range 
from 
- VFS to + VFS' 


2.2 
Unipolar 
Errors 


Temperature 
error 
analysis 
in 
the 
unipolar 
mode 
is 
straightforward: 
there is an offset 
drift and a gain drift. The 
offset 
drift, 
which 
comes 
from 
leakage 
currents 
and drift 
in the output 
amplifier, 
causes 
a linear shift 
in the transfer 


curve as shown 
in Figure 
4. The gain drift 
causes 
a change 
in the slope 
of the curve 
and results 
from 
reference 
drift, 


DAC drift, 
and drift 
in AGAIN relative 
to the DAC resistors. 


2.3 Bipolar 
Range 
Errors 


The analysis 
is slightly 
more complex 
in the bipolar 
mode. 
In this mode Asp is connected 
to the summing 
node of the 


", 


",,,." 
GAIN 
SHIFT 


", 
" 
,,"''''~\ 


,.'" - 


I 


I 
OFFSET 
SHIFT 


BIPOLAR 
(IDEAL 
CASE) 


VOUT 


VOUT= (0mA to 1.9995mAl (R20+ R21)-(6.2VIR23)(R21+ R22) 


= (0mA to 1.9995mAl (IOk)-(1mAl (10k) 
= -lOV to + 9.995V 
I LSS= 20Vl4096= 4.88mV 


:!: 10V Bipolar 
Operation 


I 


OAC1280.0AC1280A 
-= 
~ 
~------------------------~ 


r- 
I 
I 
II 
I 
I 
I 
I 
I 
I 


: 
DAC1280,DAC1280A 
":" 
I 
~------------------------~ 


VOUT 


VOUT= (0mA to 1.9995mAl (R20)-(R20IR23)(6.2V) 


= (0mA to 1.9995mAl (5k)-(5kI6.2k)(6.2V) 
= - 5Vto 4.9975V 
1LSS= 10V14096 
= 2.44mV 


:!: 5V Bipolar 
Operation 


3.0 Applications and Functional 
Description 


3.1 Voltage 
Mode 
Operation 


The DAC1280A 
and DAC1280 
D/As provide 
internal 
scaling 
resistors 
which 
permit 
a wide 
range 
of bipolar 
and 
uni- 


polar 
output 
configurations. 
Bipolar 
output 
formats 
of 
± 2.5V, ± 5V, ± 10V and unipolar 
formats 
of OV to 5V and 
OV to 
10V are 
possible 
using 
resistor 
strap 
options 
in- 


cluded 
within 
the device. 
Table 
I and 
Figures 
5, 6 and 
7 


summarize 
the proper 
pin connections 
required 
for these 
formats. 


3.2 
Current 
Mode 
Operation 


Current 
mode applications 
which 
make use of an external 
op amp, comparator, 
or a resistive 
load are possible 
with 


the DAC1280 series 
using 
pin 20. When an external 
op amp 
is used, the internal 
scaling 
resistors 
should 
be utilized 
to 


minimize 
full-scale 
drift. 
Configurations 
shown 
in Table 
I 


apply directly. 
Figure8shows 
one application 
using an ex- 


ternal 
fast 
operational 
amplifier. 


Current 
mode 
operation 
into a resistive 
load or open 
cir- 


cuit must account 
forthe 
DACs nominal 
output 
resistance 


of 2k at pin 20. With 
this 
in mind, 
the output 
will swing 
OV 


to 
- 4V open 
circuit 
and about 
- 1.5V to + 1.5V with 
the 


bipolar 
offset 
resistor 
connected. 
An 
external 
load 


resistor 
may be used as part of the load, but there will 
be 


an error due to temperature 
coefficients 
mistracking. 


Output 
Digital 
Input 
Connect 
Connect 
Connect 
Connect 
Voltage 
Code 
Pin 15 to 
Pin 16 to 
Pin 17 to 
Pin 19 to 
Range 


±10V 
Complementary 
Offset 
Binary 
19 
24 
20 
15 


±5V 
Complementary 
Offset 
Binary 
18 
24 
20 
NC 


±2.5V 
Complementary 
Offset 
Binary 
18 
24 
20 
20 


10V 
Complementary 
Binary 
18 
24 
21· 
NC 


5V 
Complementary 
Binary 
18 
24 
21· 
20 


±1 
mA 
Complementary 
Offset 
Binary 
NC 
24 
20 
NC 


-2mA 
Complementary 
Binary 
NC 
24 
21· 
NC 


I 


DACI2BD.DAC12BOA 
-=- 
~ 
~------------------------~ 


VOUT = (0 mA 
to 
1.9995 
mA)(A20) 


= (0 mA 
to 
1.9995 
mA)(5k) 


= OV to 
9.9976V 


1 LSB = 2.44 mV 


r- 
I 
I 
II 
I 
I 
I 
I 
I 
I 


vour: 
DAC12BO.DACI2BOA 
-=- 
I 
~------------------------~ 


FIGURE 
8. 
± 10V Bipolar 
Operation 
with 
External 
Operational 
Amplifier 


tary; 
Le., a given 
bit is turned 
UN 
oy an active 
lOW In~Ul. 


Table 
II summarizes 
input 
status 
for unipolar 
and bipolar 
codes. 


using 
the circuit 
shown 
in Figure 
9. Offset 
voltage 
should 
be adjusted 
first. A logic "1" (~2V) 
should 
be applied 
to all 


logic 
inputs. 
In bipolar 
mode, 
the 
offset 
is adjusted 
to 


equal 
minus 
full-scale. 
In unipolar 
mode, the offset 
is ad- 


justed 
to read OV at the output. 
Full-scale 
is then adjusted 
by applying 
a logic 
"0" (,;; 0.8V) to all inputs 
for operation. 
The range of R1 and R2 shown 
in Figure 
9 is approximately 
± 0.2% 
of full-scale 
for the values 
shown. 


3.5 
Reference 
Supply 


The 
DAC1280 
series 
is supplied 
with 
an 
internal 
6.2V 


reference 
regulator(pin 
24). In order to obtain 
the specified 


unadjusted 
performance, 
the 
reference 
output 
(pin 
24) 
should 
be connected 
to the reference 
input (pin 16). An ex- 


ternal 
reference 
voitage 
may 
be used 
with 
the 
DAC1280 
series 
if provision 
is made to calibrate 
full-scale 
as shown 


in Figure 
9. Since the reference 
is buffered, 
it may be used 
externally 
at currents 
up to 2.5 mA. 


A 30 second 
"warm-up" 
period 
should 
be allowed 
(after 


power 
turn-on) 
before 
making 
the above adjustments. 


+vs 


10M 
10k TO 


lOOk 


Input 
Code (Note 
7) 
Output 
Unipolar 
Output 
Ranges 


Code Type 
MSB 
LSB 
State 
o mA-2 
mA 
OV to 10V 
OV to 5V 
o mA-1.25 
mA 


Unipolar 
o 0 0 0 0 0 0 0 0 0 0 0 
Full·Scale 
9.9976V 
4.9988V 
-1.9995 
mA 


Complementary 
1 1 1 1 1 1 1 1 1 1 1 0 
1 LSB ON 
0.0024V 
0.0012V 
-0.0005 
mA 


Binary 
1 1 1 1 1 1 1 1 1 1 1 1 
Zero-Scale 
O.OOOOV 
O.OOOOV 
0.0000 mA 


Code Type 
Input 
Code (Note 
7) 
Output 
Bipolar 
Output 
Voltage 
Ranges 


MSB 
LSB 
State 
± 10V 
±5V 
±2.5V 
±1 
mA 


Bipolar 
o 0 0 0 000 
0 0 000 
Full-Scale 
9.9951V 
4.9976V 
2.4988V 
-0.9995 
mA 


Complementary 
0 1 1 1 1 1 1 1 1 1 1 1 
Haif-Scale 
O.OOOOV 
O.OOOOV 
O.OOOOV 
0.0000 mA 


Binary 
1 1 1 1 1 1 1 1 1 1 
1 0 
1 LSB ON 
-9.9951V 
- 4.9976V 
- 2.4988V 
0.9995 mA 


1 1 1 1 1 1 1 1 1 1 1 1 
Zero-Scale 
-10.0000V 
- 5.0000V 
- 2.5000V 
1.0000 mA 


3.6 Logic Input Compatibility 


The design of the current mode switches in the DAC1280 
series gives the device true TTL compatibility. 
It is TTL 


compatible over the entire operating temperature range 
and is independent of the reference voltage and Vcc. Fur· 
thermore, since the input breakdown ratings are in excess 
of 10V,the DAC1280 series may be driven directly from 
high (or low) voltage CMOS. 


3.7 ± 12Volt Supply Operation 


The DAC1280Awill operate with supply voltages as low as 
± 11.4V.It is recommended that output voltage ranges 
-10V 
to + 10V and OV to 10V not be used with the 


DAC1280A if the supply voltages are ever less than the 
recommended ± 12V.The output amplifier may saturate if 
IVsuPPLvl-1Your maximum 1<2.0V. 


3.8 Power Supply Connections 


For optimum 
performance 
power supply 
decoupling 
capacitors should be added as shown in the connection 
diagrams (Figure 
5). These capacitors (1 ",F electrolytic 


recommended) should be located close to the DAC1280A 
or DAC1280. Electrolytic 
capacitors, if used, should be 


paralleled with 0.01 ",F ceramic capacitors for optimum 
high frequency performance. 


~National 
~ 
Semiconductor 
DAC1280A·I, DAC1280·112·Bit Digital·to·Analog 
Converters 


•.- 


~ 
C'I 
(3 
c:s:c 


The 
DAC1280-1 series 
is a family 
of precision, 
low cost, 
fully 
self-contained 
digital-to-analog 
converters. 
The 


devices 
include 
12 precision 
current 
switches, 
a 12-bit thin 


film 
resistor 
network, 
buffered 
internal 
reference, 
and 


several 
precision 
resistors, 
which 
allow 
the user to tailor 
his system 
needs to accommodate 
a variety 
of bi polar and 


unipolar 
output 
voltage 
and current 
ranges. 
Logic 
inputs 


are TTL, DTL and CMOS compatible, 
and are complemen- 


tary 
binary 
(CBI) 
format. 
In all 
instances, 
a logic 
iow 


(,,; 0.8Y) turns 
a given bit ON, and a logic high (;;, 2V)turns 
a 
given 
bit OFF. Internally 
supplied 
resistor 
options 
provide 
low 
drift 
bipolar 
output 
voltage 
ranges 
of 
± 2.5V, ± 5V, 
± 10V, and unipolar 
ranges of OV to 5V orOV to 10V. Current 
mode output 
is 0 mA to 2 mA. 


• 
Self-contained 
with 
internal 
reference 


• 
High 
reliability 
replacement 
for 
DAC80-CBI-1 
or 


DAC80Z-CBI-1 
• 
± 1/2 LSB linearity 
max over O°C to 70°C temperature 


range 
for DAC1280A·1 
• 
± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V output 
voltage 


ranges 
with 
external 
op amp 


• 
0 mA to 2 mA current 
output 


• 
Fast settling 
time: 
300 ns current 


• 
Standard 
24-pin 
IC package 


• 
Low cost 


• 
TTL 
CMOS 
compatible 
binary 
input 
logic 
over 


temperature 


'Vs 
-vs 


2122 
" 


REFERENCE 
24 
6.ZV 
11 I 


OUT 
REFERENCE 


'= 


20 CURRENT 


OUTPUT 
(SUMMING 
JUNCTION) 


15 CURRENT 
OUTPUT 
(SUMMING JUNCTION) 


Connection Diagram 
Ordering Information 


Dual·in·Line 
Package 


Temperature 
Range 
O°C to 70°C 


I 
0.01% 


DAC1280AD-1 


Linearity 
(DAC80Z-CBI-I) 


I 
0.05% 
DAC1280HCD-1 


Package 
D24G 


Absolute Maximum Ratings 


Supply 
Voltage 
(V + and V -) 
±18V 


Current 
Output 
(Pins 15,20) Voltage 
Compliance 
±1OV 


Logic 
Input Voltage 
-0.7V,1OV 


Reference 
Input Voltage 
(VREF) 
OV,18V 


Short-Circuit 
Duration 
(Pins 15, 20 and 24) 
Continuous 


Operating 
Temperature 
Range 
-25'Cto 
+85'C 


Storage 
Temperature 
Range 
-65'Cto 
+15O'C 


Lead Temperature 
(Soldering, 
10 seconds) 
3Oo'C 


Electrical Characteristics 


TA = O'C to 7o'C, 
Vs = ± 11.4V to ± 15.75V for DAC128oA-I, 
Vs?: ± 15V for DAC128o-1 unless 
otherwise 
noted. 


DAC1280A-1 
DAC1280·1 


Parameter 
Conditions 
Typ 
Typ 
Units 
Min 
(Note 
1) 
Max 
Min 
(Note 
1) 
Max 


CONVERTER 
CHARACTERISTICS 


Resolution 
12 
12 
Bits 


Li nearity 
Error 
TA=25'C 
±1/4 
±1/2 
±1/4 
±1 
±1/2 
±2 
LSB 


Differential 
Non-Linearity 
±1/2 
±3/4 
±1/2 


Monotonicity 
12 
11 
12 
Bits 


Full-Scale 
(Gain) Error 
TA ~ 25'C 
(Note 2) 
±0.1 
±0.3 
±0.1 


% FSR 


Zero-Scale 
(Offset) 
Error 
TA= 25'C 
(Note 2) 
±0.02 
±0.15 
±0.02 
(Note 3) 


Full-Scale 
(Gain) Tempco 
Internal 
Reference 
± 15 
±30 
+ 15 
External 
Constant 
±5 
±7 
±5 
Reference 


Zero-Scale 
(Offset) 
Tempco 
Unipolar 
±1 
±3 
±1 
ppm 


Bipolar 
±3 
±1o 
±3 
FSR/'C 


Total 
Bipolar 
Tempco 
Includes 
Gain, Offset, 
± 10 
±20 
±10 


(Note 4) 
and Linearity 


Total 
Error (Note 5) 
Unipolar 
±0.08 
±0.15 
±0.08 
Bipolar 
±0.06 
±0.10 
±0.06 
% FSR 


Output 
Voltage 
Range 
Using 
Internally 
Supplied 
± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V 
V 
Resistors, 
External 
Op Amp 


Current 
Mode 
Output 
Range 
Unipolar, 
Pin 15 
o to 
-2 
Oto 
-2 
Bipolar, 
Pin 15 
± 1.0 
±1.0 
mA 


Current 
Mode Compliance 
±2.5 
±2.5 
V 


Current 
Mode 
Output 
Unipolar 
2 
2 


Impedance 
Bipolar 
1.5 
1.5 
kf! 


REFERENCE 
CHARACTERISTICS 


Reference 
Voltage 
IREF", 2 mA, TA= 25'C 
6.07 
6.2 
6.33 
6.2 
V 


Tempco 
of Drift 
±10 
±20 
±10 
ppm/oC 


External 
Use Current 
2.5 
2.5 
mA 


Output 
Resistance 
0.05 
1.0 
0.05 
1.0 
f! 


DAC1280A·1 
DAC1280·1 


Parameter 
Conditions 
Typ 
Typ 
Units 


Min 
(Note 1) 
Max 
Min 
(Note 1) 
Max 


DIGITAL AND DC CHARACTERISTICS 


Logic "1" Input Voltage 
2.0 
2.0 


(Bit OFF) 
V 


Logic "0" 
Input Voltage 
0.8 
0.8 


(Bit ON) 


Logic "1" Input Current 
V1N=2.5V 
0.05 
1 
0.05 
1 
~ 
Logic "0" 
Input Current 
VIN=OV 
-100 
-100 


Power Supply 
Current 
1+,TA=25°C 
10 
18 
10 
mA 
I 
, TA-25°C 
25 
30 
25 


Power Supply 
Sensitivity 
0.001 
0.002 
0.001 
% FSR/%V 


AC CHARACTERISTICS 


Current 
Mode Settling 
Time 
10n to lOOn Load 
300 
300 
ns 


Note 1: All typical 
values are for TA = 25°C. 


Note 2: Externally 
adjustable 
to zero. 


Note 3: FSR means full·scale 
range and is 20V for ± 10V range, 10V for ± SV, etc. 


Note 4: See paragraph 
1.6 for definition. 


Note 5: With gain and offset 
errors adjusted 
to zero at 25°C. 


1.0 Definition 
of Terms 


1.1 ACCURACY 
1.5 OFFSETTEMPCO 


Accuracy 
of a D/A converter 
is the difference 
between 
the 
Offset tempco 
is a measure of the actual change 
in output 
actual analog output 
that is measured 
when a given digital 
with all "l"s 
on the input over the specified 
temperature 


code 
is applied 
and the analog 
output 
that 
is expected 
range. The offset 
is measured 
at O°C, 25°C and lO°C. The 
with 
that code applied 
to the converter. 
Accuracy 
errors 
maximum 
change 
in offset 
is referenced 
to the offset 
at 
can be specified 
by the three parameters 
of gain or fUII- 
25°C and is divided 
by the temperature 
range. This offset 
scale error, zero-scale 
or offset 
error, and linearity 
error. 
change is expressed 
in parts per million 
of fUll-scale 
range 


1.2 LINEARITY 
ERROR 
per °C (ppm of FSR/°C). 


Linearity 
error is the maximum 
deviation 
from a straight 
1.6 TOTAL BIPOLAR TEMPCO 


line passing 
through 
the endpoints 
of the DAC transfer 
In the bipolar 
mode, 
the internal 
6.2 kn resistor 
is con· 


characteristic. 
It is measured 
after adjusting 
for zero and 
nected 
to the current 
output 
pin which 
is the summing 
full-scale. 
Linearity 
error 
is a parameter 
intrinsic 
to the 
junction 
of the output 
amplifier 
(external). 
This resistor 
in- 


device and cannot 
be externally 
adjusted. 
jects a current 
that exactly 
balances 
the output 
current 
of 


1.3 DIFFERENTIAL 
LINEARITY ERROR AND 
the DAC with only the MSB ON such that the output 
volt- 


MONOTONICITY 
age of the amplifier 
is OV. 


Differential 
linearity 
error of a D/A converter 
is the devia- 


If the internal 
resistors 
track perfectly, 
the cancellation 
ef- 


fect 
is also 
perfect, 
even if the reference 
voltage 
drifts. 


tion from an ideal 1 LSB voltage change from one adjacent 
Thus, any imperfection 
in resistor 
tracking 
gives rise to an 
output 
state 
to 
the 
next. 
A differential 
linearity 
error 
error term. 
specification 
of ± 1/2 LSB means that the output 
voltage 
The 
total 
bipolar 
mode 
tempco 
includes 
this 
tracking 
step sizes can range from 
1/2 LSB to 3/2 
LSB when the 


input changes 
from one adjacent 
input state to the next. 
tempco 
as well as offset 
tempco 
and linearity 
tempco 
as 


Monotonicity 
is 
guaranteed 
in 
the 
DAC1280A-1 
and 
defined 
above. 


DAC1280-1 to 
ensure 
that 
the 
analog 
output 
will 
not 
2.0 Functional 
Description 
decrease 
with increasing 
input digital 
codes. 


1.4 GAIN TEMPCO 
2.1 OFFSET AND FULL·SCALE 
ADJUST 


Gain tempco 
is a measure 
of the change 
in the full-scale 
The DAC1280-1 series may be offset and full-scaleadjusted 
range 
output 
over 
temperature 
expressed 
in parts 
per 
using the circuit 
shown 
in Figure 1. Offset 
voltage 
should 


million 
per °C (ppm/°C). This test uses the internally 
sup- 
be adjusted 
first. A logic "1" (~2V) 
should 
be applied 
to all 
plied DAC, feedback 
and offset 
resistors. 
logic 
inputs. 
In bipolar 
mode, 
the offset 
is adjusted 
to 


equal 
minus 
full-scale. 
In unipolar 
mode, 
the offset 
is ad- 
justed 
to read OV at the output. 
Full-scale 
is then adjusted 
by applying 
a logic 
"0" (,,; 0.8V) to all inputs 
for operation. 
The 
range 
of adjustment 
shown 
in Figure 
1 is approx- 


imately 
± 0.2% 
of full-scale 
for the values 
shown. 


A 30 second 
"warm·up" 
period 
should 
be allowed 
(after 


power 
turn-on) 
before 
making 
the above adjustments. 


The logic 
inputs 
to the DAC1280-1 series 
are complemen- 


tary; 
i.e., a given 
bit is turned 
ON by an active 
low input. 


Table 
I summarizes 
input 
status 
for unipolar 
and bipolar 


codes. 


The 
DAC1280-1 
series 
is supplied 
with 
an 
internal 
6.2V 


reference 
regulator 
(pin 24). In order to obtain 
the specified 


unadjusted 
performance, 
the 
reference 
output 
(pin 
24) 


should 
be connected 
to the reference 
input (pin 16). An ex- 


ternal 
reference 
voltage 
may be used with 
the DAC1280-1 


series 
if provision 
is made to calibrate 
full-scale 
as shown 


in Figure 
1. Since the reference 
is buffered, 
it may be used 


externally 
at currents 
up to 2.5 mA. 


The design 
of the current 
mode switches 
in the DAC1280-1 
series 
gives 
the 
device 
true 
TTL compatibility. 
It is TTL 


compatible 
over the entire 
operating 
temperature 
range 


and is independent 
of the reference 
voltage 
and Vcc. Fur· 


thermore, 
since the input breakdown 
ratings 
are in excess 


of 10V, the DAC1280-1 series 
may be driven 
directly 
from 
high (or low) voltage 
CMOS. 


The DAC1280A-1 will operate 
with 
supply 
voltages 
as low 


as ±11.4V. 


Pin 20 is internally 
connected 
to pin 15; either 
may be used 
as the current 
output. 
Standard 
DAC80-CBI-1 
devices 
use 


pin 20 as an alternate 
feedback 
resistor 
tap; this tap is not 


available 
on the DAC1280A-1 series. 


For optimum 
performance 
power 
supply 
decoupling 
ca· 


pacitors 
should 
be added 
as shown 
in the connection 
dia· 


gram. 
These 
capacitors 
(1 I'F electrolytic 
recommended) 


should 
be located 
close 
to the DAC1280A-1 or DAC1280-1. 


Electrolytic 
capacitors, 
if used, should 
be paralleled 
with 


0.01 I'F ceramic 
capacitors 
for optimum 
high 
frequency 


performance. 


Input Code (Note 6) 
Output 
Unipolar 
Output 
Ranges 
Code Type 
MSB 
LSB 
State 
OmA-2 
mA 
o mA-1.25 
mA 


Unipolar 
a a a a 0 0 0 a 0 0 0 0 
Full·Scale 
-1.9995 
mA 


Complementary 
1 1 1 1 1 1 1 1 1 1 1 0 
1 LSB ON 
-0.0005 
mA 


Binary 
111111111111 
Zero·Scale 
0.0000 mA 


Code Type 
Input Code (Note 6) 
Output 
Bipolar Output 
Ranges 
MSB 
LSB 
State 
±1 
mA 


Bipolar 
o 0 0 0 0 0 0 0 0 0 0 0 
Full-Scale 
-0.9995 
mA 


Complementary 
o 1 1 1 1 1 1 1 1 1 1 1 
Half-Scale 
0.0000 mA 


Binary 
1 1 1 1 1 1 1 1 1 1 1 0 
1 LSB ON 
0.9995 mA 


111111111111 
Zero-Scale 
1.0000 mA 


Note 6: Logic input sense is such that an active tow (VIN sO.BV) turns a given bit ON and is represented as a logic "0" in the table. 
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DAC1285A, DAC1285 (DAC85, DAC87) 
12·Bit Digital·to·Analog 
Converters 


General Description 


The OAC1285 series is a family of precision, 
low cost, fully 


self·contained 
digital·to·analog 
converters. 
The devices 
include 
12 precision 
current 
switches, 
a 12·bit thin 
film 


resistor 
network, 
output 
amplifier, 
buffered 
internal 


reference, 
and several precision 
resistors, 
which allow the 


user to tailor 
his system 
needs to accommodate 
a variety 


of bipolar 
and unipolar 
output 
voltage and current 
ranges. 


logic 
inputs are TTl, 
OTl and CMOS compatible, 
and are 


complementary 
binary 
(CBI) format. 
In all 
instances, 
a 
logic 
low (:s0.8V) turns 
a given bit ON, and a logic 
high 


(2: 2V) turns a given bit OFF. Internally 
supplied 
resistorop· 


tions 
provide 
low drift 
bipolar 
output 
voltage 
ranges 
of 
± 2.5V, ± 5V, ± 10V, and unipolar 
ranges of OV to 5V or OV 


to 10V. Current 
mode output 
is 0 mA to 2 mA. 


Lt) 
CO 
N 
,... 
()«c 


~ 
CO 
N 
,... 
()«c 


'Vs 


2122 
lr 


GAIN 
23 


ADJUST 


REFERENCE 
16 


INPUT 


BIPOLAR 
17 


OFFSET 


I 
2 
J 
4 
~ 
6 
1 
8 
9 
10 
11 
12 


(MS8l 
(lSB) 
Connection Diagram 


Order Number 
DAC1285ACD, 
DAC85lD·CBI·V, 
DAC1285HCD, 
DAC85·CBI·V, 
DAC1285AD 
or DAC87·CBI·V 
See NS Package 
D24G 


• 
Completely 
self·contained 
with 
internal 
reference 
and 
output 
amplifier 


• 
High 
reliability 
exact 
replacement 
for 
DAC85·CBI·V, 


DAC85lD·CBI·V, 
and OAC87·CBI·V 
• 
± 1/2 lSB 
linearity 
max over temperature 
range 
• 
± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V voltagE- outputs 


• 
0 mA to 2 mA current 
output 


• 
Fast settling 
time: 300 ns current 
mode; 2.51's voltage 
mode 


• 
Hermetic 
24·pin IC package 


• 
low 
cost 
• 
TTl 
CMOS 
compatible 
binary 
input 
logic 
over 
temperature 


• 
Parameters 
guaranteed 
over 
operating 
temperature 


range 
- 25'C to + 85'C or - 55'C to + 125'C 


20 CURRENT 
MODE 


OUTPUT 
(SUMMING 
JUNCTION 
I 


Absolute Maximum Ratings 


Supply 
Voltage 
(V + 
and 
V -) 
± 18V 
Operating 
Temperature 
Range 


Current 
Output 
(Pin 
20) Compliance 
± 10V 
DAC1285A 
-55·Cto 
+ 125·C 


Logic 
Input 
Voltage 
-0.7V,10V 
DAC1285AC 
-25·Cto 
+85·C 


DAC1285HC 
-25·Cto 
+85·C 
Reference 
Input 
Voltage 
(VREF) 
OV,18V 
Storage 
Temperature 
Range 
-55·Cto 
+150·C 
Short-Circuit 
Duration 
(Pins 
15, 20 and 
24) 
Continuous 


Lead 
Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical Characteristics 


TA = - 55·C 
to 
+ 125·C 
for 
DAC1285A 
and 
- 
25·C 
to 
+ 85·C 
for 
DAC1285AC 
and 
DAC1285HC, 
Vs = ± 11.4V 
to 
± 15.75V 


for 
DAC1285A 
and 
DAC1285AC 
and 
Vs = ± 15V 
for 
DAC1285HC 
unless 
otherwise 
noted. 


DAC1285A 
DAC1285AC 
DAC1285HC 


Parameter 
Conditions 
Typ 
Typ 
Typ 
Min 
(Note 
1) 
Max 
Min 
(Note 
1) 
Max 
Min 
(Note 
1) 
Max 
Units 


CONVERTER 
CHARACTERISTICS 


Resolution 
12 
12 
12 
Bits 


Linearity 
Error 
TA=25'C 
±114 
±112 
±114 
± 112 
± 114 
±112 


±3/4 
± 112 
± 112 
LSB 
Differential 
Non-Linearity 
TA=25'C 
±112 
±314 
±112 
± 112 


±1 


Monotonicity 
12 
12 
12 
Bits 


Full-Scale 
(Gain) 
Error 
TA = 25'C 
(Note 
2) 
±O.1 
±O.2 
±O.1 
±O.l 


% FSR 


Zero·Scale 
(Offset) 
Error 


(Note 
3) 


TA = 25'C 
(Note 
2) 
±0.02 
::to.l 
±0.02 
±0.02 


Full-Scale 
(Gain) 
Tempco 
With 
Internal 
Reference 
± 10 
±20 
±10 
±15 
±30 


Without 
Internal 
±5 
± 10 
±5 
±10 
±5 
",20 
ppml'C 


Reference 


Zero·Scale 
(Offset) 
Tempco 
Unipolar 
±1 
±3 
±1 
±1 


Bipolar 
±3 
±10 
±3 
±5 
±3 
±10 
ppm 


Total 
Bipolar 
Tempco 
Includes 
Gain, 
Offset, 
± 10 
±30 
± 10 
±10 
FSR/·C 


(Note 
4) 
and Linearity 


Total 
Error (Note 
5) 
Unipolar 
·0.08 
±0.3 
·0.08 
±0.08 
% FSR 
Bipolar 
±0.06 
±0.24 
±0.06 
±0.06 


Output 
Voltage 
Range 
Using 
Internally 
Supplied 
± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V 


Resistors 
(Note 
6) 
V 


Output 
Voltage 
Swing 
Rl", 5 k{l, Pin 15 
±10 
± 10 
±10 


Output 
Short 
Circuit 
Current 
Pin 15 
±5 
±25 
±50 
±5 
±25 
±50 
±5 
±25 
±50 
mA 


Output 
Impedance 
Pin 15, Closed 
Loop 
0.05 
0.05 
0.05 
{l 


Current 
Mode 
Output 
Range 
Unipoiar, 
Pin 20 
o to 
-2 
Oto 
-2 
Oto 
-2 
mA 


Bipolar, 
Pin 20 
± 1.0 
±1.0 
±1.0 


Current 
Mode 
Compliance 
±2.S 
±2.S 
±2.5 
V 


Current 
Mode 
Output 
Unipolar 
2 
2 
2 
k{l 
Impedance 
Bipolar 
1.5 
1.5 
1.5 


REFERENCE 
CHARACTERISTICS 


Reference 
Voltage 
IAEF" 
2 mA, TA = 25'C 
6.07 
6.2 
6.33 
6.07 
6.2 
6.33 
6.2 
V 


Tempco 
of Drift 
±5 
± 10 
± 10 
±20 
±10 
±20 
ppml'C 


External 
Use Current 
2.5 
2.5 
2.5 
mA 


Output 
Impedance 
0.05 
1.0 
0.05 
1.0 
0.05 
1.0 
{l 


c»n 
"..\, 
I\) 
00 
CJ1 
}> 
c»n 
"..\, 
I\) 
00 
CJ1-c»n 
00 
~CJ1 
c»n 
00 
.:::I 
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dilU 
VS = ::t: 
lav 
IUI U,",V I~oanv 
unless OlnerWlse nOleo. 


DAC1285A, 
DAC1285AC 
DAC1285HC 


Parameter 
Conditions 
Typ 


Units 


Min 
Typ 
Max 
Min 
Max 


(Note 
1) 
(Note 
1) 


DIGITAL 
AND 
DC CHARACTERISTICS 


Logic 
"1" Input 
Voltage 
2.0 
2.0 


(Bit OFF) 
V 
Logic 
"0" 
Input 
Voltage 
0.8 
0.8 


(Bit ON) 


Logic 
"1" 
Input 
Current 
V1N= 2.5V 
0.05 
1 
0.05 
1 
p.A 
Logic 
"0" 
Input 
Current 
V1N=OV 
-100 
-100 


Power 
Supply 
Current 
1+, TA=25°C 
10 
18 
10 
mA 
I 
, TA=25°C 
25 
30 
25 


Power 
Supply 
Sensitivity 
0.001 
0.002 
0.001 
% FSR/%V 


AC CHARACTERISTICS 


Voltage 
Mode Settling 
Time 
1 LSB Change 
400 
400 
ns 


FSR Change 
110V 
2.5 
2.5 


120V 
4 
4 
p's 


Voltage 
Mode Slew 
Rate 
TA = 25'C 
10 
30 
30 
Vh's 


Current 
Mode Settling 
Time 
10n to lOon Load 
300 
300 
ns 


Note 1: A1I1ypical 
values are for TA = 2SoC. 


Note 2: Externally 
adjustable 
to zero. 


Note 3: FSR means "full-scale 
range" 
and is 20V for ± 10V range, 10V for ± SV, etc. 


Note 4: See paragraph 
2.0 for definition. 


Note 5: With gain and offset 
errors adjusted 
to zero at 2SoC 


Note 6: ± Vs must have absolute 
value 2V greater than VOUT. Output voltage 
ranges -10V 
to+ 10V and OV to + 10V are not recommended 
with Vs less than ± 12V. 


1.0 Definition 
of Terms 


1.1 Accuracy 


Accuracy 
of a D/A converter 
is the difference 
between 
the 
step 
sizes 
can 
range 
from 
1/2 LSB to 3/2 LSB when 
the 
actual 
analog 
output 
that is measured 
when a given digital 
input 
changes 
from 
one adjacent 
input 
state 
to the next. 


code 
is applied 
and the 
analog 
output 
that 
is expected 
12-bit 
monotonicity 
is 
guaranteed 
to 
ensure 
that 
the 
with 
that 
code 
applied 
to the converter. 
Accuracy 
errors 
analog 
output 
will 
not 
decrease 
with 
increasing 
input 
can be specified 
by the three 
parameters 
of gain 
or full- 
digital 
codes. 
scale 
error, zero-scale 
or offset 
error, and linearity 
error. 


1.4 Gain Tempco 


1.2 Linearity 
Error 
Gain tempco 
is a measure 
of the change 
in the full-scale 
Linearity 
error 
is the maximum 
deviation 
from 
a straight 
range 
output 
over 
temperature 
expressed 
in parts 
per 
line 
passing 
through 
the endpoints 
of the DAC 
transfer 
million 
per °C (ppm/°C). 
characteristic. 
It is measured 
after 
adjusting 
for zero and 


full·scale. 
Linearity 
error 
is a parameter 
intrinsic 
to the 
1.5 Offset 
Tempco 


device 
and cannot 
be externally 
adjusted. 


Offsettempco 
is a measure 
of the actual 
change 
in output 


1.3 Differential 
Linearity 
Error and Monotonicity 
with 
all "1"s 
on the input 
over the specified 
temperature 


range. The offset 
is measured 
at low and high temperature. 
Differential 
linearity 
error of a D/A converter 
is the devia- 
The maximum 
change 
in offset 
is referenced 
to the offset 
tion from an ideal 1 LSB voltage 
change 
from one adjacent 
at 25°C and is divided 
by the temperature 
range. This off- 
output 
state 
to 
the 
next. 
A 
differential 
linearity 
error 
set change 
is expressed 
in parts 
per million 
of full-scale 
specification 
of ± 1/2 LSB means 
that 
the output 
voltage 
range 
per °C (ppm of FSR/°C). 
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1.6 Settling 
Time 


Settling 
time for each DAC1285 series part is the total time 


(including 
slew 
time) 
required 
for 
the 
output 
to 
settle 


within 
an error band around its final value after a change in 


input (Figures 
1 and 2). 


Voltage 
Output. 
Three 
settling 
times 
are 
specified 
to 
± 0.01 % of full·scale 
range (FSR); two for maximum 
full· 
scale 
range 
changes 
of 20V, 10V and one for a 1 LSB 


change. 
The 1 LSB change 
is measured 
at the major carry 


(0111 ... 11 to 1000 ... 00), the point at which 
the worst case 
settling 
time occurs. 


Current 
Output. 
Settling 
time 
is specified 
to 
± 0.01 % of 


FSR. This is given with a range of resistive 
loads: 
10n to 
100n. 


Compliance 
voltage 
is the 
maximum 
voltage 
swing 
al· 
lowed 
on the current 
output 
pin (pin 20). Note 
that 
the 
absolute 
current 
offset 
error 
with 
any 
DAC will 
be in- 
creased 
by an amount 
given by VouT/RoUT. In many situa- 
tions 
this will be a significant 
error term if the voltage 
on 


the current output 
pin is allowed to exceed a few millivolts. 


1.8 Power Supply 
Sensitivity 


Power supply 
sensitivity 
is a measure 
of the effect 
of a 


power 
supply 
change 
on the 
D/A converter 
output. 
It is 


defined 
as a percent of FSR per percent of change in either 


the positive, 
negative, or logic supplies 
about the nominal 


power supply 
voltages. 


1.9 Reference 
Supply 


The DAC1285 
series 
are supplied 
with 
an internal 
6.2V 
reference 
voltage 
supply. This voltage (pin 24) is accurate 
to ± 2% and must 
be connected 
to the Reference 
Input 
(pin 16)for specified 
operation. 
This reference 
may also be 


used externally 
with external 
current 
drain 
limited 
to 2.5 


mA. All gain adjustments 
should 
be made under constant 


load conditions. 


2.0 Analyzing Device Accuracy Over 


the Temperature Range 


For the purposes 
of temperature 
drift analysis, 
the major 
device components 
are shown 
in Figure 
3. The reference 
element 
and buffer 
amplifier 
drifts 
are combined 
to give 


the 
total 
reference 
temperature 
coefficient, 
which 
is 
specified 
as a maximum. 
The input 
reference 
current 
to 


the DAC, IREF, is developed 
from 
the internal 
reference 
and will show the same drift rate as the reference 
voltage. 


The DAC output 
current, 
IDAe, which 
is a function 
of the 


digital 
input code, 
is designed 
to track 
IREF; if there is a 
slight 
mismatch 
in these currents 
over temperature, 
it will 
contribute 
to the gain TC. The bipolar offset 
resistor, 
Rsp, 


and gain 
setting 
resistor, 
RGA1N, 
also 
have temperature 
coefficients 
which 
contribute 
to system 
drift 
errors. The 


input offset 
voltage 
drift of the output 
amplifier, 
OA, also 
contributes 
a small error. 


FIGURE 3. Bipolar 
Configuration 


There are three types of drift errors over temperature: 
off- 
set, 
gain, 
and 
linearity. 
Offset 
drift 
causes 
a vertical 


translation 
of the 
entire 
transfer 
curve; 
gain 
drift 
is a 
change 
in 
the 
slope 
of 
the 
curve; 
and 
linearity 
drift 
represents 
a change 
in the shape of the curve. The com- 


bination 
of 
these 
three 
drifts 
results 
in the 
complete 
specification 
for total error over temperature. 


Total error is defined 
as the deviation 
from a true straight 
line transfer 
characteristic 
from exactly zero at a digital 
in- 


put which calls for zero output 
to a point which 
is defined 


as full-scale. 
A specification 
for total 
error 'over tempera- 


ture assumes 
that both the zero and full-scale 
points have 


been trimmed 
for zero error at 25'C. Total error is normally 


expressed 
as a percentage 
of the full-scale 
range. In the 


bipolar 
situation, 
this means the total range from 
- VFS to 


+VFS' 


-c» 
() 
CO 
",CJ1 


F:- 
co 
()«c 
llf 
co 
()«c- 
Lt) 


~,.. 
()«c 
:t 


~[) 


~ 


2.1 
Monotonicity 
and Linearity 


The initial 
linearity 
error and the differential 
linearity 
error 


guarantee 
monotonic 
performance 
over 
the 
operating 


temperature 
range. 
It 
can 
therefore 
be 
assumed 
that 


linearity 
errors 
are insignificant 
in computation 
of total 


temperature 
errors. 


output 
amplifier 
(see Figure 
3) to generate 
a current 
which 


exactly 
balances 
the current 
of the MSB so that the output 
voltage 
is zero with 
only the MSB on. 


Note 
that 
if the DAC and application 
resistors 
track 
per- 


fectly, 
the 
bipolar 
offset 
drift 
will 
be zero 
even 
if the 
reference 
drifts. 
A change 
in the reference 
voltage, 
which 
causes 
a shift 
in the 
bipolar 
offset, 
will 
also 
cause 
an 
equivalent 
change 
in IREFand thus 
IOAC, so that 
'OAC will 
always.be 
exactly 
balanced 
by IBPwith the MSB turned 
on. 
ThJs eUect 
is shown 
in Figure 
6. The 
net effect 
of the 


reference 
drift 
then 
is simply 
to cause 
a rotation 
in the 


transfer 
around 
bipolar 
zero. 
However, 
consideration 
of 


second 
order effects 
(which 
are often 
overlooked) 
reveals 


the errors 
in the bipolar 
mode. 
The unipolar 
offset 
drifts 


discussed 
before 
will 
have the same effect 
on the bipolar 


offset. 
A mismatch 
of RBP to the DAC resistors 
is usually 


the 
largest 
component 
of bipolar 
drift. 
Gain 
drift 
in the 


DAC also contributes 
to bipolar 
offset 
drift, 
as well as full- 


scale 
drift. 
In the bipolar 
ranges, 
full-scale 
is defined 
as 


the total 
range 
from 
- VFS to + VFS' 


2.2 
Unipolar 
Errors 


Temperature 
error 
analysis 
in 
the 
unipolar 
mode 
is 
straightforward: 
there is an offset 
drift and a gain drift. The 
offset 
drift, 
which 
comes 
from 
ieakage 
currents 
and drift 


in the output 
amplifier, 
causes 
a linear shift 
in the transfer 


curve as shown 
in Figure 4. The gain drift 
causes 
a change 
in the slope 
of the curve 
and results 
from 
reference 
drift, 
DAC drift, 
and drift 
in RGA1Nrelative 
to the DAC resistors. 


2.3 Bipolar 
Range 
Errors 


The analysis 
is slightly 
more complex 
in the bipolar 
mode. 


In this mode RBP is connected 
to the summing 
node of the 


j 


I 
OFFSET 
SHIFT 


BIPOLAR 
llDEAl 
CASE) 


VOUT= (0mA to 1.9995mA)(R20+ R21)-(6.2V/R23)(R21+ R22) 
= (0mA to 1.9995mAl (10k)-(1mA)(10k) 
= -10V to + 9.995V 
1LSB= 20V/4096= 4.88mV 


± 10V Bipolar 
Operation 


I 
I, 
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I 
I 
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: 
DAC1285. 
DAC1285A 
-= 
. 
~------------------------~ 


vour 


Your = (0 mA to 1.9995mAl (R20)-(R20/R23)(6.2V) 


= (0 mAto 19995mAl (5k)-(5k/6.2k)(6.2V) 
= - 5Vto 49975V 


1LSB= 1DV/4096= 2.44mV 


± 5V Bipolar 
Operation 


3.0 Applications and Functional 
Description 


3.1 Voltage 
Mode 
Operation 


These D/As provide 
internal 
scaling 
resistors 
which 
permit 


a wide 
range 
of 
bipolar 
and 
unipolar 
output 
configura- 


tions. 
Bipolar 
output 
formats 
of ± 2.5V, ± 5V, ± 10V and uni- 
polar 
formats 
of OV to 5V and OV to 10V are possibl~using 


resistor 
strap 
options 
included 
within 
th~device. 
Table 
I 
and Figures 
5, 6 and 7 summarize 
the proper 
pin connec- 


tions 
required 
for these 
formats. 


the DAC1285 series 
using 
pin 20. When an external 
op amp 
is used, the internal 
scaling 
resistors 
should 
be utilized 
to 


minimize 
fUll-scale 
drift. 
Configurations 
shown 
in Table 
I 
apply directly. 
Figure 
8 shows 
one application 
using an ex- 


ternal 
fast operational 
amplifier. 


3.2 
Current 
Mode Operation 


Current 
mode applications 
which 
make use of an external 


op amp, comparator, 
or a resistive 
load are pos:;oible with 


Current 
mode 
operation 
into a resistive 
load or open 
cir· 


cuit must account 
for the DACs nominal 
output 
resistance 
of 2k at pin 20. With 
this 
in mind, the output 
will swing 
OV 


to 
-4V 
open 
circuit 
and about 
-1.5V 
to + 1.5V with 
the 


bipolar 
offset 
resistor 
connected. 
An 
external 
load 


resistor 
may be used as part of the load, but there 
will be 


an error due to temperature 
coefficients 
mistracking. 


Output 
Digital 
Inpu! 
Connect 
Connect 
Connect 
Connect 
Rang, 
Code 
Pin 15 to 
Pin 16 to 
Pin 17 to 
Pin 19 to 


±10V 
Complementary 
Offset 
Binary 
19 
24 
20 
15 


±5V 
Complementary 
Offset 
Binary 
18 
24 
20 
NC 


±2.5V 
Complementary 
Offset 
Binary 
18 
24 
20 
20 


10V 
Complementary 
Binary 
18 
24 
21' 
NC 


5V 
Complementary 
Binary 
18 
24 
21' 
20 


±1 
mA 
Complementary 
Offset 
Binary 
NC 
24 
20 
NC 


-2 
mA 
Complementary 
Binary 
NC 
24 
21' 
NC 


I 


DAC1285,DAC1285A 
":' 
: 
~------------------------~ 


I 


DAC1285.0AC1285A 
":'" 
~ 
-------------------------~ 


VOUT=(O 
mA to 1.9995 mA)(R20) 


= (0 mA to 1.9995 mAl 15k) 
= OV to 9.9976V 


1 LSB =2.44 mV 


FIGURE 
8. 
± 10" 
Bipolar 
Operatlon 
with 
External 
Operational 
Amplifier 


-c»o 
CO 
~CJ1 
c»o 
CO 
.:::f 


lo-gi;·i-np~ts. 
In bi·P~I~; mOd;,-th;~ff-~;t-i~-;dj~~t~d 
t~ 


equal 
minus 
full-scllle. 
In unipolar 
mode, 
the offset 
is ad- 


justed 
to read OV at the output. 
Full-scale 
is then adjusted 
by applying 
a logic 
"0" (:s0.8V) 
to all inputs 
for operation. 
The range of R1 and R2 shown 
in Figure 9 is approximately 
± 0.2% 
of full·scale 
for the values 
shown. 


A 30 second 
"warm-up" 
period 
should 
be allowed 
(after 


power 
turn-on) 
before 
making 
the above adjustments. 


codes. 


3.5 
Reference 
Supply 


The 
DAC1285 
series 
is supplied 
with 
an 
internal 
6.2V 


reference 
regulator(pin 
24). In orderto 
obtain 
the specified 


unadjusted 
performance, 
the 
reference 
output 
(pin 
24) 


should 
be connected 
to the reference 
input (pin 16). An ex· 


ternal 
reference 
voltage 
may 
be used 
with 
the DAC1285 
series 
if provision 
is made to calibrate 
full-scale 
as shown 


in Figure 
9. Since the reference 
is buffered, 
it may be used 
externally 
at currents 
up to 2.5 mA. 


+vs 


10M 
10k TO 


lOOk 


Input 
Code (Note 
7) 
Output 
Unipolar 
Output 
Ranges 


Code Type 
MSB 
LSB 
State 
o mA-2 
mA 


OV to 10V 
OV to 5V 
o mA-1.25 
mA 


Unipolar 
o 0 0 0 0 0 0 0 0 0 0 0 
Full-Scale 
9.9976V 
4.9988V 
-1.9995 
mA 


Complementary 
1 1 1 1 1 1 1 1 1 1 1 0 
1 LSB ON 
0.0024V 
0.0012V 
-0.0005 
mA 


Binary 
1 1 1 1 1 1 1 1 1 1 1 1 
Zero-Scale 
O.OOOOV 
O.OOOOV 
0.0000 mA 


Code Type 
Input 
Code (Note 7) 
Output 
Bipolar 
Output 
Voltage 
Ranges 


MSB 
LSB 
State 
±10V 
±5V 
±2.5V 
±1 
mA 


Bipolar 
o 0 0 0 0 0 0 0 0 000 
Full-Scale 
9.9951V 
4.9976V 
2.4988V 
-0.9995 
mA 


Complementary 
0 1 1 1 1 1 11 
1 1 1 1 
Half-Scale 
O.OOOOV 
O.OOOOV 
O.OOOOV 
0.0000 
mA 


Binary 
11 
1 1 1 1 1 1 1 1 1 0 
1 LSBON 
-9.9951V 
- 4.9976V 
- 2.4988V 
0.9995 mA 


11 
1 1 1 1 1 1 1 1 1 1 
Zero-Scale 
-10.0000V 
- 5.0000V 
- 2.5000V 
1.0000 mA 


3.6 Logic Input Compatibility 


The design 
of the current 
mode switches 
in the DAC1285 
series 
gives 
the device 
true TTL compatibility. 
It is TTL 


compatible 
over the entire 
operating 
temperature 
range 


and is independent 
of the reference 
voltage 
and Vcc. Fur· 


thermore, 
since the input breakdown 
ratings 
are in excess 
of 10V, the 
DAC1285 series 
may be driven 
directly 
from 
high (or low) voltage 
CMOS. 


3.7 
± 12 Volt Supply Operation 


These DACs will 
operate 
with 
supply 
voltages 
as low as 


± 11.4V. It is recommended 
that 
output 
voltage 
ranges 


-10V 
to 
+10V 
and OV to 10V not be used if the supply 


voltages 
are ever less than the recommended 
± 12V. The 


output 
amplifier 
may saturate 
if IVsuPPLvl-1 VOUT maxi- 


muml 
<2.0V. 


3.8 Power Supply Connections 


For 
optimum 
performance 
power 
supply 
decoupling 
capacitors 
should 
be added 
as shown 
in the connection 
diagrams 
(Figure 
9). These 
capacitors 
(1 iLF electrolytic 


recommended) 
should 
be located 
close 
to the 
device. 


Electrolytic 
capacitors, 
if used, should 
be paralleled 
with 


0.01 iLF ceramic 
capacitors 
for optimum 
high frequency 


performance. 
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~National 
~ 
Semiconductor 
DM2502, 
DM2503, 
DM2504 Successive 
Approximation 


Registers 


General 
Description 


The DM2502, 
DM2503 
and DM2504 
are B-bit and 12-bit 
TTL 
registers 
designed 
for 
use in successive approxima- 


tion 
AID 
converters_ 
These devices contain 
all the logic 
and 
control 
circuits 
necessary 
in 
combination 
with 
a 


DIA 
converter 
to 
perform 
successive 
approximation 


analog-to-digital 
conversions. 


The DM2502 
has B bits with 
serial capability 
and is not 


expandable_ 


The DM2503 
has B bits and is expandable 
without 
serial 
capabil ity. 


The 
DM2504 
has 
12 
bits 
with 
serial 
capability 
and 


expandability. 


All 
three 
devices 
are available 
in ceramic 
DIP, ceramic 
flatpak, 
and 
molded 
Epoxy-S 
0 IPs. 
The 
DM2502, 


DM2503 
and 
DM2504 
operate 
over -55°C 
to +125°C; 


the 
DM2502C, 
DM2503C 
and 
DM2504C 
operate 
over 


O°C to 
+70°C. 


• 
Complete 
logic 
for 
successive 
approximation 
AID 
converters 


• 
B-bit 
and 
12-bit 
registers 


• 
Capable 
of 
short 
cycle 
or expanded 
operation 


• 
Continuous 
or start-stop 
operation 


• 
Compatible 
with 
01A converters 
using any logic code 


• 
Active 
low or active high logic outputs 


• 
Use as general 
purpose 
serial-to-parallel 
converter 
or 


ring counter 


Logic Diagram 


DO 


(OM2501. 


DM25(4) 
Ql(l1l 


r'(SEENOTED 
- 
- 
- 
- 
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- 
- 
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I BlTSS(9ITO 
1 
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I 
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Connection 
Diagrams 
(Dual-In-Line 
and Flat 
Packages) 


DM2502. 
DM2503 
DM2504 


Vet 
01 
01 
05 
OS 
Cp 
Vec 
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Ne 
QIl 
010 
09 
DB 
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06 
He 
CP 
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Drder Number DM2502J 
DM2502CJ. 
DM2503J 
or DM2503CJ 
See NS Package J16A 
Order Number DM2502CN 
or DM2503CN 
See NS Package N16A 
Order Number DM2502W. 
DM2502CW. 
DM2503W. 


or DM2503CW 
See NS Package W16A 
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Operating Conditions 


MIN 
MAX 
UNITS 


Supply 
Voltage, 
VCC 


DM2502C, 
DM2503C, 
4.75 
5.25 
V 


DM2504C 


DM2502, 
DM2503, 
4.5 
5.5 
V 


DM2504 


Temperature, 
T A 


DM2502C, 
DM2503C, 
0 
+70 
·C 


DM2504C 


DM2502, 
DM2503, 
--55 
+125 
·C 


DM2504 


Supply 
Voltage 


Input 
Voltage 
Output 
Voltage 
Storage Temperature Range 


Lead Temperature 
(Soldering, 
10 seconds) 


7V 


5.5V 


5.5V 


-65·C 
to +150·C 


300·C 


Electrical Characteristics 
(Notes 2 and 3) 
Vcc = 5.0V, TA = 25°C, CL = 15 pF, unless otherwise specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Logical .., •. Input Voltage (VIH) 
Vec 
= Min 
2.0 
V 


Logical •., •. Input Current (1IH) 
Vec 
= Max 
CP Input 
VIH 
'" 2.4V 
40 
~A 
D. E. S Inputs 
V1H 
::: 2.4V 
80 
~A 
Alt Inputs 
V1H 
= 5.5V 
1.0 
mA 


Logical "0" 
Input Voltage (V1L) 
Vec 
= Min 
0.8 
V 


Logical "a.. Input Current 
(tILl 
Vec 
'" Max 


CP, S Inputs 
VIL 
= O.4V 
-1.0 
-1.6 
mA 


0, Elnputs 
V1L 
= O.4V 
-1.0 
-3.2 
mA 


Logical "'" 
Output Voltage (VOH) 
Vec 
= Min, IOH = -0.48 mA 
2.4 
3.6 
V 


Output Short Circuit Current 
Vec 
= Max; 
VOUT = O.DV; 
-10 
'-20 
-45 
mA 
INote 41 (105) 
Output High; CP, 0, S. High; 
E Low 


Logical "0" 
Output Voltage (VOL) 
Vec 
= Min, IOl 
= 9.6 mA 
0.2 
0.4 
V 


Supply Current (lee) 
Vee = Max, All Outputs Low 
DM2502C 
65 
95 
mA 
DM2502 
65 
85 
mA 
DM2503C 
60 
90 
mA 
DM2503 
60 
80 
mA 
DM2504C 
90 
124 
mA 
DM2504 
90 
110 
mA 


Propagation Delay to a Logical "0" 
10 
18 
28 
n. 


From CP to Any Output (tPdO) 


Propagation Delay to a Logical "0" 
CP High. 5 Low 
16 
24 
n. 


From E to 07 (a") 
Output (tpdO) 
DM2503, 
DM2503C. 
DM2504. 


DM2504C 
Only 


Propagation Delay to a Logical "'" 
10 
26 
38 
n. 


From CP to Any Output (tpcn) 


Propagation Delay to a Logical "'" 
CP High. 5 Low 
13 
19 
n. 


From E to Q7 lOll) 
Output 
Itpd,l 
DM2503. 
DM2503C. 
DM2504. 


DM2504C 
Only 


Set-Up Time Data Input (t'IOl) 
-10 
n. 


Set-Up Time Start Input (t,ISI) 
16 
n. 


Minimum 
Low CP Width (tPWL) 
30 
42 
n. 


Minimum 
High CP Width (tPWH) 
17 
24 
n. 


Maximum Clock Frequency (fMAx) 
15 
21 
MHz 


Note 1: "Absolute 
Maximum 
Ratings" 
are those 
values beyond 
which 
the safety 
of 
the device 
cannot 
be guaranteed. 
Except 
for 
"Operating 
Temperature 
Range" 
they 
are not 
meant to imply 
that 
the devices should 
be operated 
at these limits. 
The table of 
"Electrical 
Olaracteristics" 


provides 
conditions 
for actual 
device operation. 


Not. 
2: 
Unless otherwise 
specified 
minimax 
limits 
apply across the -5SoC 
to +'2SoC 
temperature 
range for the DM2S02, 
DM2S03 
and DM2504, 
and across the O·C to +70·C 
range for 
the DM2502C, 
DM2503C 
and DM2504C. 
All 
typicals 
are given for 
VCC = 5.0V 
and T A: 
25·C. 
Not. 3: 
All 
currents 
into 
device pins shown as positive, 
out of device pins as negative, all voltages referenced 
to ground 
unless otherwise 
noted. 
All 


values shown 
as max or min on absolute 
value basis. 
Not. 4: 
Only 
one output 
at a time should 
be shorted. 


The 
registers 
consist 
of 
a set of master 
latches 
that 
act 
as the 
control 
elements 
in the 
device 
and 
change 
state 
on 
the 
input 
clock 
high-to-Iow 
transition 
and 
a set 
of 
slave 
latches 
that 
hold 
the 
register 
data 
and 
change 
on 
the 
input 
clock 
low-to-high 
transition. 
Externally 
the 
device 
acts as a special 
purpose 
serial-to-parallel 
converter 


that 
accepts 
data 
at the 
D input 
of the 
register 
and sends 


the 
data 
to the 
appropriate 
slave 
latch 
to appear 
at the 


register 
output 
and 
the 
DO output 
on the 
DM2502 
and 
DM2504 
when 
the 
clock 
goes 
from 
low·to-high. 
There 


are 
no restrictions 
on the 
data 
input; 
it can change 
state 


at any time 
except 
during 
a short 
interval 
centered 
about 
the 
clock 
low-to-high 
transition. 
At the 
same 
time 
that 
data 
enters 
the 
register 
bit 
the 
next 
less significant 
bit 


register 
is set to a low ready 
for the next 
iteration. 


The 
register 
is reset 
by holding 
the 
S (Start) 
signal 
low 


during 
the 
clock 
low-to-high 
transition. 
The 
register 
synchronously 
resets 
to 
the 
state 
07 
(11) 
low, 
and 
all 


the 
remaining 
register 
outputs 
high. 
The 
0cc 
(Conver- 
sion 
Complete) 
signal 
is also set 
high 
at this time. 
The S 
signal 
should 
not 
be 
brought 
back 
high 
until 
after 
the 


clock 
low-to-high 
transition 
in 
order 
to 
guarantee 


correct 
resetting. 
After 
the 
clock 
has gone 
high resetting 


the 
register, 
the S signal 
must 
be removed. 
On the 
next 


clock 
low-to-high 
transition 
the 
data 
on the 
D input 
is 


set 
into 
the 
07 
(11) 
register 
bit and the 
06 
(101 register 
bit 
is set 
to a low ready 
for the 
next 
clock 
cycle. 
On the 


next 
clock 
low-to-high 
transition 
data 
enters 
the 06 
(101 


register 
bit and 
05 
(9) is set 
to a low. 
This 
operation 
is 
repeated 
for 
each 
register 
bit 
in turn 
until 
the 
register 


has 
been 
filled. 
When 
the 
data 
goes 
into 
00, 
the 
0cc 
signal 
goes 
low, and the 
register 
is inhibited 
from 
further 
change 
until 
reset 
by a Start 
signal. 


The 
DM2502, 
DM2503 
and 
DM2504 
have 
a specially 


tailored 
two-phase 
clock 
generator 
to 
provide 
non- 


overlapping 
two-phase 
clock 
pulses 
(i.e., 
the 
clock 
waveforms 
intersect 
below 
the 
thresholds 
of 
the 
gates 


clock 
input 
(such 
as from 
relatively 
weak 
comparator 


outputs), 
improper 
logic operation 
will not 
result. 


All 
three 
registers 
can 
be 
operated 
with 
various 
logic 


codes. 
Two's 
complement 
code 
is used 
by offsetting 
the 


comparator 
1/2 
full 
range 
+ 1/2 
LSB 
and 
using 
the 


complement 
of the 
MSB (07 
or (11) 
with 
a binary 
D/A 
converter. 
Offset 
binary 
is used 
in the 
same 
manner 
but 


with 
the 
MSB 
(07 
or 011). 
BCD D/A converters 
can 
be 


used 
with 
the 
addition 
of 
illegal 
code 
suppression 
logic. 


The 
register 
can 
be used 
with 
either 
D/A converters 
that 
require 
a low voltage 
level to turn 
on, or D/A converters 
that 
require 
a high 
voltage 
level to turn 
the switch 
on. 
If 


D/A 
converters 
are used 
which 
turn 
on with 
a low logic 
level, 
the 
resulting 
digital 
output 
from 
the 
register 
is 


active 
low. 
That 
is, a logic 
"1" 
is represented 
as a low 
voltage 
level. 
If D/A 
converters 
are 
used 
that 
turn 
on 
with 
a high 
logic 
level 
then 
the 
digital 
output 
is active 
high; 
a logic 
"1" 
is represented 
as a high 
voltage 
level. 


An 
active 
low 
enable 
input, 
E, 
on 
the 
DM2503 
and 
DM2504 
allows 
registers 
to 
be 
connected 
together 
to 
form 
a longer 
register 
by connecting 
the clock, 
D, and S 
inputs 
in parallel 
and 
connecting 
the 0cc 
output 
of one 
register 
to 
the 
E input 
of 
the 
next 
less 
significant 


register. 
When 
the 
start 
signal 
resets 
the 
register, 
the E 
signal 
goes 
high, 
forcing 
the 
07 
(11) 
bit 
high 
and 


inhibiting 
the 
register 
from 
accepting 
data 
until 
the 


previous 
register 
is full 
and 
its 
0cc 
goes 
low. 
If only 
one 
register 
is used 
the f input 
should 
be held 
at a low 
logic 
level. 


OIJJ 
,,1/ 
L-J 


0'1/ 
041/ 
L-J 


03L=-:J 


OUTPUTS 
0'1/ 
L-J 


011/ 
0011 
L-J 


""<L=-:J 


DO 


8-230 


Application Information 
(Continued) 


SHORT 
CYCLE 


If all bits are not required, the register may be truncated 
and conversion 
time 
saved by using a register output 


going low rather than the Qee signal to indicate the end 
of conversion. 
If the register is truncated 
and operated 


in the continuous 
conversion mode, a lock·up condition 


may occur 
on 
power 
turn-on. 
This condition 
can be 


avoided by making the start input the OR function 
of 


Oce 
and the appropriate 
register output. 


To 
minimize 
the 
digital 
error 
below 
±1/2 
LSB, the 


comparator 
must be biased. If a D/A converter 
is used 


which 
requires 
a low 
voltage 
level to 
turn 
on, 
the 


comparator 
should 
be biased +1/2 
LSB. 
If the D/A 


converter 
requires 
a high 
logic 
level to 
turn 
on, the 


comparator 
must be biased -1/2 LSB. 


CP: The clock input of the register_ 


D: 
The serial data input of the register. 


DO: 
The serial data out. (The D input delayed one bit). 


E: 
The register enable. This input 
is used to expand the 


length of the register and when high forces the Q7 (11) 
register output 
high and inhibits 
conversion. When not 
used for expansion the enable is held at a low logic level 
(ground). 


Qj i = 7 (11) to 0: 
The outputs 
of the register. 


Oce: 
The 
conversion 
complete 
output. 
This 
output 


remains high during 
a conversion 
and goes low when a 
conversion is complete. 
07 (11): 
The true output 
of the MSB of the register_ 


07 (11): 
The complement 
output 
of the MSB of the 


register. 
$: 
The start input. 
If the start input 
is held low for at 


least a clock period the register will be reset to Q7 (11) 
low and all the remaining outputs high. A start pulse that 
is low 
for 
a shorter 
period 
of time 
can be used if it 


meets the set-up time requirements of the S input. 


TIME 
INPUTS 
OUTPUTS' 


tn 
0 
S 
E2 
003 
Q7 
06 
05 
04 
03 
02 
01 
00 
Dec 


0 
x 
L 
L 
x 
x 
x 
x 
x 
x 
x 
x 
x 
X 
1 
07 
H 
L 
X 
L 
H 
H 
H 
H 
H 
H 
H 
H 


2 
06 
H 
L 
07 
07 
L 
H 
H 
H 
H 
H 
H 
H 


3 
05 
H 
L 
06 
07 
06 
L 
H 
H 
H 
H 
H 
H 


4 
04 
H 
L 
05 
07 
06 
05 
L 
H 
H 
H 
H 
H 


5 
03 
H 
L 
04 
07 
06 
05 
04 
L 
H 
H 
H 
H 


6 
02 
H 
L 
03 
07 
06 
05 
04 
03 
L 
H 
H 
H 


7 
01 
H 
L 
02 
07 
06 
05 
04 
03 
02 
L 
H 
H 


8 
00 
H 
L 
01 
07 
06 
05 
04 
03 
02 
01 
L 
H 


9 
x 
H 
L 
00 
07 
06 
05 
04 
03 
02 
01 
00 
L 
10 
X 
X 
L 
X 
07 
06 
05 
04 
03 
02 
0, 
00 
L 


X 
X 
H 
X 
H 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 


Note1: 
Truth 
table for DM2504 
1$ extended to include 12 outputs. 


Note 
2: 
Truth 
table for DM2502 does not include E column or last Ime In truth table shown. 


Note 
3: Truth 
table for DM2503 does not include DOcolumn. 


H 
= High Voltage Level 


L 
E low 
Voltage level 


X 
'" Don't 
Care 


NC 
co No Change 


cs: 
N 


~ 
Cs: 
N 
eno 
jIo) 
Cs: 
N 
eno 
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OIGOUT~ 


IOM'••'.D.'.J, 
+..-------\--------- 
H""·,·,, E::f...~... 


D1l1l1 
-l!IJf 
__ .-----~\\\----- 


: 
) 
ANALOG 
INPUTS 


O.1jJF 


~ 


11 
DATA 
IN 


14 = 
CLOCK 


Equiv. 


Connect 
DAC ZOUT 


Input to A 
2.36 kn 


Input to A 
1.90 kn 


Input to B 
3.08 kn 


B to DAC OUT 


Unipolar 
o to 10 
o to 5 
o to 20 


Bipolar 


±5 


±2.5 


±10 


1.5V ••• 


MIIycll'nte 
from 
Witlbe 
cll.nging 


H to 
L 
horn 
H 10 l 


1.5V 


l/J/J!/f 


Mty 
clllnte 
from 
W,lIbfcll.n!l'ng 


LtoH 
hom llo 
H 


•• 


DOn'lel,,:,n'!' 
Chln,m,: 
line 


ch.ngeperm'l1fll 
unknown 


1.5V 


1.5V 
ENABlE 
TO 
Q1 1111 


CP ~ H 
!'l 


1.5V 


~National 
~ 
Semiconductor 


LF13300 Integrating AID Analog Building Block 


The LF 13300 is the analog section of a precision inte- 
grating analog-to-digital 
(A/D) system. JFET and bipolar 
transistors 
(SI-FET) 
are combined 
on the same chip to 


provide 
a high 
input 
impedance 
unity 
gain 
buffer, 
comparator 
and integrator, 
along with 
9 JFET 
analog 


switches. 
The 
LF13300 
has sufficient 
resolution 
to 


construct 
up to a 4 1/2-digit 
Digital 
Panel Meter (DPM) 


or a 12-bit 
(plus sign) Data Acquisition 
System and is 


specifically 
designed for 
use with 
the ADS 1200 12-bit 


binary building block. 


• 
Rugged JF ETs allow blow-out 
free handling 


• 
High input impedance 10,000 Mn typ 


• 
Automatic 
offset correction 


• 
Analog 
circuitry 
can be physically 
and electrically 


isolated from high noise digital circuits 


• 
Analog input range of ±11V with ±15V supplies 


• 
Wide power supply voltage range ±5V to ±18V 


• 
TTL and CMOS compatible 
logic 


• 
Can interface directly 
with microprocessors 


• 
Versatile: 
can be used as a 12-bit 
plus sign binary 


A/D,4 
1/2-digit, 
3 3/4-digit 
and 3 1/2-digit 
Digital 


Panel Meter (DPM) 


• 
Low cost 


POWER 
I 
SUPPlVGHO,.2 


COMPARATOR 
1 
."' 


l'AHAlOG 
m 


17 ANALOG 


INPUT 


1~ VREF IN 


l§BlIHEIi 
."' 
14 QPAMP 
" 
1] OPAMP 
'"' 
" Coe2 


l1COC1 
'" COC3 


NEG 
RAMP 
UNKNOWN 


POLDET/PDS 
6 


RAMPUNKNOWN 


OFFSET 
1 


CORRECT 


RAMP 
I 
REFERENCE 


DIGITAL 
9 
m 


NEGATIVE 
RAMP 
ffllARITV 
OffSET 
AAMP 
DIGITAL 
UNKNOWN(RLH 
OETIPDS 
CORRECT 
REFERENCE 
GNDCDG) 


RAMPUNKHOI'o'H 
lOCI 
CRR) 
(POfRU+) 


Junction 
Temperature 


Storage Temperature 
Range 
Operating Temperature 
Range 
Lead Temperature 
(Soldering, 
10 seconds) 


llUt; 


-65°C 
to +150°C 


O°C to +70°C 


3006C 


TEST 
LF13300 
PARAMETER 
CONDITIONS 
UNITS 
CIRCUIT 
MIN 
TYP 
MAX 


Analog Input Current, 
IIN 
Vx = 0 
1,2 
80 
500 
pA 


TMIN~TA~TMAX 
5 
nA 


Analog Input Voltage Range 
Vx 
Adjusted 
until 
ilINI2: 
10 nA 
1,2 
±11 
V 


Analog Input Resistance 
Vx 
= 0 
1,2 
10,000 
Mn 


Reference Input Currents, IR 
VR = lOV 
1 
100 
nA 


TMIN~TA~TMAX 
3 
10 
/lA 


Reference Input Voltage Range 
VR Adjusted 
until 
ilRI2: 
10/lA 
3 
0 
11 
V 


Reference Input Resistance 
VR = 10V 
3 
1000 
Mn 


Offset Correction 
Voltage, -V8 
4 
-12 
V 


Offset Correction 
5 
20 
2000 
pA 


Input Current, 
IOC 
5 
20 
nA 


Op Amp Slew Rate 
6 
10 
V//lS 


Op Amp Bandwidth 
7 
3 
MHz 


Buffer Slew Rate 
9 
25 
V//lS 


Comparator 
Response Time 
200/lV 
Input Stop, 100 /lV 
11 
2.5 
/lS 


Overdrive 


Comparator 
Output 
Saturation 
VCC=5V,RL=2k, 
11 
0.25 
0.4 
V 


Voltage 
TMIN~TA~TMAX 


Logic "1" 
Input Voltage 
All Switching 
Input Pins 5, 6, 
2.0 
5.0 
V 


7,8, 
TMIN ~TA 
~TMAX 


Logic "0" 
Input Voltage 
All Switching 
Input Pins 5, 6, 
-2.0 
0.8 
V 


7,8,TMIN~TA~TMAX 


Logic Input Current 
All Switching 
Input Pins 5, 6, 
15 
50 
/lA 


7,8, 
0 ~ VL ~ 5V, TMIN ~ 


TA ~TMAX 


Power Supply Voltage Range ±VS 
V R ~ V+ - 3V, V IN = OV 
±4.75 
±18 
V 


3.0 
mA 


-5.5 
mA 


TMIN<TA<TMAX 
±11 
mA 


Typical 
Performance 
Characteristics 


Integrator 
Capacitance. 
Integration 
Time 
Constant 


C YSfel 
K for Different 
(RC) YS fCLK for Different 
Analog 
Input 
Bias Current, 
IIN. 
Integrator 
Resistances. R 
Reference 
Voltages, 
V R 
Vx 
= OV. YS Temperature 


1 
; 
1 
1 100 


VS'" !15V 
•... 
:3 
S 
z 
~ 
~ 
10 I 
I I 
Y 
0 
i 
~ 
•... 
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<:; 
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u 
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•• 
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I I 
~ 
"' 


VR' 4V 
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z 
:> 
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0 
z 
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0.01 
R:::2M,VR"'10V 
S 
0.01 
VR" 
2V 
u0 
II 
I 
u 
~ 0.1 


R::: 10M, VR'" 
tOV 
•... 
z~ 
I 
Z 


I 
u 
I 


~ 
0.01 
.....,.. 
I I 
I 
0.001 
~O.OOl 


1 
10 
100 
1M 
1 
10 
100 
1M 
-50 -25 
0 
25 
50 
75 100 125 


felK 
(kHz) 
'eLK (kHz) 
fA 
- 
AMBIENT 
TEMPERATURE 
(OC) 


Offset 
Correction 
Bias Current, 
Logic I "put 
Current 
vs 
Reference 
Input 
Bias Current. 


IOL. 
vs Temperature 
Temperature 
IR. vs Temperature 


1 
10 
28 
1 
lk 
•...z 
•... 
~ 
24 
z 
~ 
I 
LI 
" 
~ 
1'1 
:> 
1 
.3 
~ 100 
u 
•... 
20 
:> 
~ 
z 
u 
•• 
"' 
16 
~ 
z 
I 
V 
I 
"' 
•• 
I 
I 
0 
0.1 
:> 
•... 
10 
I 


•... 
12 
:> 
:> 
z 
z 


0.01 
N 
.vi 
I 
8 
z 
1 
I III 


•... 
~ 
"' 
~ 
4 


0 
0 
"' 
I 
I 
I 
0.001 
"' 
0.1 


u 
-50 -25 
0 
25 
50 
75 100 125 
-50 -25 
0 
25 
50 
75 100 125 
-50 -25 
0 
25 
50 
75 
100 125 
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T A - 
AMBIENT 
TEMPERATURE 
('&1 
T A - 
AMBIENT 
TEMPERATURE 
( C) 
TA - 
AMBIENT 
TEMPERATURE 
(Oel 


Logic Input Threshold Voltage 
Comparator 
Saturation 
Voltage 
Power Supply 
Current 
vs 


vs Temperature 
vs Temperature 
Temperature 


2 
S; 
430 
14 
~ 
.!' 
vee'· 5V 


u 
1.8 
u 
390 
Rl- 
2k 
" 
12 
vS- ±15V 
~ 


~ 


.!' 
•... 


0 
1.6 
350 


•... 
10 
> 
z 
0 
z 
"' 
0 
1.4 
0 
310 
"' 
8 
I 


:> 
% 
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"' 
1.2 
270 
~ 
6 
-IS 
% 
~ 


•...•... 
1 
"' 
230 
4 
:> 
0 
"' 
~ 
z 
•... 


~ 
u 
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2 


~ 
~ 


0.6 
~ 150 
0 
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0 
25 
50 
75 
100 125 
-50 -25 
0 
25 
50 
75 
100 125 
-50 -25 
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25 
50 
75 100 125 


T A - 
AMBIENT 
TEMPERATURE 
(' Cl 
TA - 
AMBIENT 
TEMPERATURE'loCI 
TA - 
AMBIENT 
TEMPERATURE 
(OC) 


Functional 
Description 
The 
offset 
voltages 
are assigned 
as follows: 
V051 
- 
the 


The 
LF13300 
through 
the 
following 
5 
states 


input 
offset 
voltage 
of 
the 
buffer; 
V052 
- 
the 
input 
goes 
off5et 
voltage 
of A 1; V053 
- 
the 
input 
off5et 
voltage 
of 
during 
normal 
cycle: 
1) Offset 
Correction; 
2) 
Polarity 
A2; V054 
- 
the 
input 
off5et 
voltage 
of the comparator. 
Determination; 
3) 
Initial i2ation; 
4) 
Ramp 
Unknown; 


5) Ramp 
Reference 
55 
grounds 
the 
input 
of 
the 
buffer 
so that 
its output 


voltage 
is 
simply 
V051· 
56 
bypa5ses 
R to 
keep 
the 


Offset 
Correction 
Description 
(Figure 1) 
integration 
time 
con5tant, 
RC, 
from 
affecting 
the 
circuit 
operation. 
54 
make5 
the 
total 
equivalent 
input 


The 
Offset 
Correction 
scheme 
will 
drive 
the 
input 
of 
vol tage 
to A 1 be -V051 
- 
V052. 
57 puts 
the 
op amp 


the 
comparator 
to 
its 
5witching 
thre5hold 
when 
the 
in a unity 
gain 
configuration 
with 
respect 
to the 
input 
analog 
input 
is zero 
and 
the 
timing 
components, 
RC, 
of 
A2. 
58 
keeps 
the 
output 
voltage 
of 
the 
op 
amp 
at 


are bypassed. 
-VB 
+ V054 
= -VB' 
(the 
Off5et 
Correction 
potential) 


since 
the 
comparator 
is 
placed 
inside 
the 
loop. 
C3 


The 
Off5et 
Correction 
input 
(OC) 
i5 driven 
high, 
c105ing 
samples 
the 
output 
of 
the 
-VB 
generator. 
The 
voltage 
switches 
54-59. 
at 
the 
non- inverti 
ng 
input 
of 
A2 
is -VB 
- 
V051 - 


Functional 
Description 
(Continued) 


VOS2 - 
VOS3 + VOS4 = VI. 
Thus, the sum of the 


offsets 
is stored 
on 
Cl, 
and the differential 
voltage 


across the comparator 
is zero. 


The simplified 
diagram of the LF13300 in the Polarity 
Determination 
state is shown in Figure 2. S5 and S3 are 
closed during this period. S5 grounds the buffer input 
and Vx 
(the unknown voltage) is applied through S3 to 
the non·inverting 
input of A 1. The equation that des- 


cribes the op amp output 
voltage is given in Figure 2. 


When Vx 
is applied to Al 
at tl, 
the output 
of the op 


amp slews to Vx 
and is integrated until 
t2, when S3 


opens and S4 closes. At t2, VOUT slews down by -Vx 


1 jt2 
- 
VXdt 
- 
VB' at the op amp output. 


RC 
t2 


Just before t2, the comparator sensesthe op amp output 
with 
respect to -VB; 
the comparator output 
goes high 


if Vx > 0 and remains low if Vx ~ O. 


During 
initialization, 
the configuration 
is the same way 


as it is in the Offset Correction 
state and the op amp 


output 
is brought back to the Offset Correction poten- 
tial -VB'. 


Ramp Unknown (Figures 2 and 3) 


In the Ramp Unknown state, if Vx 
~ 0, S3 and S5 are 


closed, as shown in Figure 2, and Vx 
is applied to the 


r----- 
I 
+ 
I 
I 
I 
I 
I 
I 
I 
I 
L-r6-r 
VR 
Vx 


+ input 
of 
the integrator. 
If 
Vx < 0, the device is 


connected as in Figure 3 with S2 and S4 closed. Vx 
is 


now applied through the buffer 
to the - 
input of the 


integrator. 
In either 
Ramp Unknown 
case, the op amp 
output 
ramps in the positive direction and Vx is applied 
to a high impedance JFET input. 


In this state, the LF13300 
is configured with switches 


SI and S4 closed. The reference voltage, VR, a positive 
voltage, is applied to the buffer 
input and the op amp 
output 
ramps down 
until 
VOUT 
= -VB' 
where the 


comparator will trip. 


If Vx 
and VR are assumed to be constant over their 
respective integration 
periods, the integrals of Figure 4 


are reduced to, 


Vx 
(t4 - t3) 


RC 


Since t4-t3 
= 4096 
clock 
periods and t5-t4 
can be 


measured in clock periods, VxNR 
= X/212, where X is 


a digital 
binary 
output 
representing 
an analog input 


Vx with respect to VR. 


OP AMP OUT 


-VB' 
= -VB. 
V054 


54 
55 
56 
57 
58 
59 


V. 
V- 
t111.t.t 
--r-L1-~-r- 
10 
V5 2 
1 
_V5 


4 


RU_ 


5 
PO/R:. ! 
7 
RR 8 


POWER 
GNO 


r----- 


+ 
I 
VaSl 
I 
I 
55 
I 
I 
I 
I 
I 
I 
L~_ 
AG 
116 
11 
18 


r----- 
I 
+ 
II 
52 
I 
I 
I 
I 
I 
I 
L i>;- 
AG 


)16 
11 
18 


VR 
Vx 
COC2 


1 J'4 
-VB'+VX+ 
- 
RC 
'3 


1 J'2 
-VB'+VX 
+- 
RC 
'1 


, J'4 
VOUT = -VB' + - 


RC 
'3 


r----- 
I 
+ 
I 
I 
I 
I 
I 
I 
I 
I 
L 
S1~:F 
wt-ri4I'~rl1.:-DG 


POWER 
DIGITAL 
GND 
GND 
"::" 


*More accurately 
1 (J tS+1l. 
f t4 
) 


VOUT=-VS'+- 
VRdt+ 
VXdt 
+6 


RC 
t4 
t3 
Where 6 is the incremental 
voltage overdrive 
needed to fully 
switch the comparator 
and .6.is the sum of the additional 
time required to develop [, and the comparator 


propagation 
delay. 


12-Bit AID Converter Electrical Characteristics 
12-bit plus sign. (LF13300 
with ADB1200). 
(VR = 10.000V, 
FC = 250 kHz, OoC::; TA::; 
+70°C unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Resolution 
(Note 3) 
VR = 5.000V, 
-10V::; 
VX::; 
+10V 
13 
Bits 


FC = 125 kHz, TA = 25°C 
14 
Bits 


Non-Linearity 
±1/8 
±1/2 
LSB 


Ratiometric 
Gain Error (Def.) 
Vx 
= ±10.000V, 
TA = 25°C, (Note 2) 
±1/2 
±2 
LSB 


Gain Error Drift 
Vx = 10.000V 
±1 
ppmfC 


Zero Reading Drift 
Vx = OV 
±0.5 
ppmfC 


Analog Input Voltage Range 
±11 
±12 
V 


Analog Input 
Leakage Current 
Vx 
= OV, TA = 25°C 
80 
500 
pA 


Analog Input 
Resistance 
VX=OV,TA=25°C 
100 
1000 
MSI. 


Reference Input Voltage Range 
VR Varied, TA = 25°C 
4 
12 
V 


Reference Input 
Leakage Current 
VR = 10.000V, 
TA = 25°C 
100 
nA 


Reference Input 
Resistance 
VR = 10.000V, 
TA = 25°C 
100 
1000 
MSI. 


Start Conversion Pulse Width 
VSC = 2.4V 
2.4 
IJ.S 


Conversion Time 
VIN = 10.000V 
36 
ms 


tc = 8960/FC 


15V Supply Currents 
LF13300, 
V+ Current 
11 
mA 


-15V 
Supply Currents 
LF 13300, V- 
Current, ADB 1200 
27 
45 
mA 


VGG Current 


5V Supply Currents 
VIN = OV, ADB1200 
23 
39 
mA 


VSS Current 


Note 2: 
The AID converter 
system must have been operational 
for a minimum 
of 30 seconds before this measurement 
is made. This is to relax the 


dielectric 
absorption 
effects of the integration 
capacitor. 
C. 


Note 3: 
PolaritY and Overrange outputs 
are considered as additional 
output 
bits. 


8-238 


OP 


AMP 


OUT 


-VB 


COMP 


OUT 


DC 


PO/RU. 


'U- 


•• 


20UB 


ENOOF 


CONVERSION 
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UNKNOWN 
Yx 
~ 0 
REF 
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Increasing 
the 
Input 
Impedance 
of 
the 
LF13300, 
MM5863 
12-Bit AID Converter 


The 
input 
impedance 
of 
the 
LF13300, 
ADB 1200 


(MM5863) 
AID 
converter can be increased 1 to 2 orders 


of 
magnitude 
over the typical 
1000 MQ cited 
in the 
12-bit 
AID 
specifications 
by insuring 
that 
the signals 


that switch the LF13300 
do not overlap. A circuit 
that 


eliminates 
switching 
overlap 
by 
introducing 
a Delay 


(td) '" 3.3k x 100 pF '" 300 ns to the rising edge of the 
signals 
from 
the 
ADB 1200 
(MM5863) 
is shown 
in 
Figure 
6. Figure 
7 shows the operation 
of this circuit. 
The total 
delay time 
tr' 
of the output 
will 
be equal to 
the 
inherent 
gate rise time, 
tr, plus the RC delay, td. 
The fall time, tf will be the basic gate delay. 


Nulling the Residual Offset 


The residual offset 
is < 200 IJV which is negligible for 
most applications. 
This can be reduced to < 40 !iV by 
lowering 
the clock frequency 
from 
250 kHz to about 
75 kHz. 
If a lower residual offset 
is required, we may 
trim 
out 
the 
remainder 
as shown 
in 
Figure 
8. This 


circuit 
applies a negative step to the offset 
correction 


capacitor, 
COC2, by means of a variable capacitor which 


is adjusted until 
charge injection 
imbalance of the offset 


correction 
switches are cancelled. 
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Eliminating 
Errors Due to Power Supply Noise 


For many applications, 
power supply noise (f ~ 
10 Hz) 


causes errors which reduces the accuracy of the system. 
In most applications, 
noise can be adequately eliminated 


by putting 
a series resistor (100Q) 
in the power supply 


line with 
a 10 !iF 
tantalum 
capacitor connected at the 


power supply 
pins 
(Figure 
9). The 10!iF 
capacitor 
is, 


in addition 
to the normal 0.1 !iF ceramic disc capacitors, 


used as supply bypass capacitors. 


Errors 
caused by 
noise on the 
negative supply, 
-VS, 


can 
be 
further 
reduced 
by 
replacing, 
COC3 with 
a 


10 ilF 
low 
leakage tantalum 
capacitor. 
Since -VB 
is 


3V above -VS, 
any noise appearing at -VS 
appears at 
-VB: 
the 10!iF 
capacitor eliminates this noise. 


Continuous Conversion Mode 


For 
using the 
MM5863 
in the continuous 
conversion 
mode, 
connect 
the 
end 
of 
conversion 
output, 
EOC 


(pin 23), to the output 
enable input, 
OE (pin 3), and 


connect 
the start conversion 
input, 
SC (pin 2) to 5V. 


Since 
none 
of 
the 
output 
pins 
employ 
short-circuit 


protection, 
extreme care should be taken when bread- 
boarding or troubleshooting 
with the power ON. 
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4-Channel 
Differential 
Multiplexer 
with 
Autozeroed 
Instrumentation 
Amplifier 
and 
12-6it 
AID 
Converter 


Figure 
12 shows a low speed, high accuracy, data acqui- 


sition 
unit 
where the analog input 
signal is acquired 


differentially 
and 
preconditioned 
through 
an 
LF352 


monolithic 
instrumentation 
amplifier. 
To 
eliminate 


amplifier 
offset 
errors, autozeroing 
circuitry 
is added 


aroun"d the LF352 
and is timed through the AD61200 


and 
flip-flop 
C. Flip-flops 
A and B form 
a 2-bit 
up 


counter for channel select. 


The instrumentation 
amplifier 
is zeroed at power-up and 


after each conversion as shown in the timing 
diagram; 


during 
autozero 
the multiplexer 
is disabled. When the 
system 
does 
polarity 
detection 
and 
AID 
conver- 


sion, the LF352 is active and the multiplexer 
is enabled. 


The 
zeroing 
cycle 
for 
the 
LF13300 
and the 
LF352 


lasts for 
256 
clock 
periods, 
so the 
maximum 
clock 


frequency 
will 
depend upon the required accuracy and 


the 
minimum 
zeroing 
time 
of 
the 
instrumentation 


amplifier. 
Notice here that the system accuracy will 
be 


less than 
12 bits since it will 
be affected 
by the gain 
linearity 
of the instrumentation 
amplifier. 


For more details concerning data acquisition, see AN-156 
and LF 1150B/LFl1509 
data sheet. For details on the 


instrumentation 
amplifier, 
seethe LF352 data sheet. 
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Note 1: All diodes, 1N914. 


Note 
2: All resistors 
1/4W. 
5% tolerance. 


Note 3: Circuit drawn for 8V full scale operation input scaling not shown. 


Note 4: Inductive components U4X003 
or Microtran PC6714. 


FIGURE 
14.33/4 
Plus (±8191 Counts) and 3 1/2·0igit 
OPM Schematic Diagram 


800mVr 
":" 
8V 


3 
3/4 
Plus Digit 
(±8191 
Countsl/3 
1/2-Digit 
(±1999 


Counts) DPM 
The 
DPM is able to operate from 
a single 15V power 
supply 
with 
the aid of a dc-dc converter. 
The LM555 
generates the negative voltages 
required 
in the circuit 


and 
also doubles 
as the 
clock. 
The 
combination 
of 


01, 
R2, R3 and R4 forms 
a level shift 
to convert the 


output 
swing of the LM555 
to a OV-5V 
swing that is 


compatible 
with 
the 
logic. 
The 
LM340-5 
drops 
the 


incoming 
15V to 5V for use by the logic circuits 
and 
the LED display. 


In this circuit 
of Figure 
14, the LF13300 and ADB1200 


interact 
as previously 
described. 
The 
CMOS 
counter 


(MM74C926, 
MM74C928) 
is connected 
to count clock 


pulses during 
the ramp reference cycle. The counts are 


latched 
into 
the 
display 
when the comparator 
output 


trips, 
(goes low), 
as shown 
in 
the 
timing 
diagram 


Figure 
15. 


The RC network 
consisting of R1 and C1 is a low pass 
filter 
that prohibits 
the fast transients that occur on the 
comparator 
output 
during 
Offset 
Correction 
from 


loading any erroneous counts into the counter. 


This 
circuit 
can 
be a 3 
3/4 
plus 
digit 
DPM 
if 
the 


MM74C926 
is 
used 
or 
a 
3 
l!2-digit 
DPM 
if 
the 


MM74C928 
is used. These counters are pin compatible 
and physically 
interchangeable. 
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FIGURE 
15. Timing Diagram for 3 3/4·Digit 
DVM 


3 3/4·Digit DPM Electrical Characteristics 


33/4 
plus digits plus sign (±8191 countsl DPM system characteristics. 


(Circuit as in Figure 
14, Vs ~ ±15V, VR = 4.096V, TA = 25°C, unless otherwise noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Resolution 
-8.2V 
:S Vx :S +8.2V 
16,382 
Counts 


Nonlinearity 
VIN = 4.000V 
±1/8 
±1/2 
Counts 


Ratiometric 
Gain Error 
VIN = 4.000V 
±1/2 
±2 
Counts 


Gain Error Drift 
VIN = 4.000V, 
O°C:S TA:S +70°C 
±1 
ppmfC 


Zero Reading Drift 
VIN = OV 
±1 
ppmfC 


Analog Input Voltage Range 
±11 
V 


Reference Input Voltage Range 
Reference Varied 
0 
+12 
V 


Analog Input 
Leakage Current 
VIN = OV 
80 
500 
pA 


Reference Input 
Leakage Current 
1 
100 
nA 


Analog Input 
Resistance 
VIN = OV 
1000 
MQ 


Conversion Time 
VIN = 4.000V, 
fC = 125 kHz 
74 
ms 
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Precision Voltage-to-Frequency Converters 


General Description 


The 
LM131/LM231/LM331 
family 
of 
voltage-to- 
frequency 
converters are ideally suited for use in simple 
low-cost 
circuits 
for 
analog-to-digital 
conversion, 
precision 
frequency-to-voltage 
conversion, 
long-term 
integration, 
linear 
frequency 
modulation 
or demodu- 
lation, 
and many other functions. 
The output 
when used 
as a voltage-to-frequency 
converter 
is a pulse train at a 
frequency 
precisely 
proportional 
to the 
applied 
input 
voltage. Thus, it provides all the inherent advantages of 
the voltage-to-frequency 
conversion 
techniques, 
and is 
easy 
to 
apply 
in 
all 
standard 
voltage-to-frequency 
converter 
applications_ Further, 
the LM131A/LM231A/ 
LM331 A 
attains 
a new high 
level of 
accuracy 
versus 
temperature 
which 
could 
only 
be 
attained 
with 
expensive 
voltage-to-frequency 
modules. 
Additionally 
the LM131 
is ideally suited for use in digital systems at 
low 
power 
supply 
voltages and can provide 
low-cost 
analog-to-digital 
conversion in microprocessor-controlled 
systems. And, 
the frequency 
from 
a battery 
powered 
voltage-to-frequency 
converter 
can be easily channeled 
through 
a 
simple 
photoisolator 
to 
provide 
isolation 
against high common mode levels. 


The LM131/LM231/LM331 
utilizes a new temperature- 
compensated 
band-gap 
reference 
circuit, 
to 
provide 
excellent 
accuracy over the full 
operating 
temperature 
range, at power supplies as low as 4.0V. 
The precision 
timer 
circuit 
has low 
bias currents 
without 
degrading 
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the 
quick 
response necessary for 
100 kHz 
voltage-to- 
frequency 
conversion. 
And 
the 
output 
is capable of 
driving 
3 TTL 
loads, or 
a high 
voltage 
output 
up to 
40V, yet is short-circuit-proof 
against VCC' 


• 
Improved performance in existing voltage-to-frequency 
conversion applications 


• 
Split or single supply operation 


• 
Operates on single 5V supply 


• 
Pulse output 
compatible 
with all logic forms 


• 
Excellent temperature stability, 
±50 ppmfC 
max 


• 
Low power dissipation, 
15 mW typical 
at 5 V 


• 
Wide dynamic range, 100dS min at 10kHz full scale 
frequency 


VlOGIC 


fOUT 
10 kHz 
FUll·SCALE 


Rl 
lOOk 
±,,,- 
":'" 


Sk" 
GA'N 
ADJUST 


FIGURE 
1. Simple Stand-Alone Voltage-to-Frequency 
Converter 
with ±O.03% Typical 
Linearity 
(f = 10 Hz to 11 kHz) 


Absolute Maximum Ratings 


LM131A/LM131 
LM231A1LM231 
LM331A/LM331 


Supply Voltage 
40V 
40V 
40V 


Output 
Short Circuit 
to Ground 
Continuous 
Continuous 
Continuous 


Output 
Short Circuit 
to VCC 
Continuous 
Continuous 
Continuous 


Input Voltage 
-O.2V 
to +VS 
-O.2V 
to +VS 
-O.2V 
to +VS 


TMIN 
TMAX 
TMIN 
TMAX 
TMIN 
TMAX 


Operating Ambient 
Temperature 
Range 
-55°C 
to +125°C 
_25°C to +85°C 
O°C to +70°C 


Power Dissipation 
(PD at 25°C) 


and Thermal 
Resistance (8 jA) 


(H Package) 
PD 
670mW 
570mW 
570mW 


8jA 
150°C/W 
150°C/W 
150°C/W 


(N Package) 
PD 
500mW 
500mW 


8jA 
155°C/W 
155°C/W 


Electrical Characteristics T A = 25°C unless otherwise specified. 
(Note 1) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VFC Non-linearitY 
(Note 2) 
4.5V <:::Vs <:::20V 
±0.003 
±0.01 
% Fu'" 


Scale 


TMIN<:::TA<:::TMAX 
±0.006 
±0.02 
% Ful" 


Scale 


In Circuit 
of Figure 
1 
VS= 
15V.f= 
10Hztoll 
kHz 
±0.024 
±0.14 
% Full- 


Scale 


Conversion Accuracy 
Scale Factor 
V,N = -10V. 
RS = 14 k!1 


(Gain) 


LM131. 
LM131A. 
LM231. 
LM231A 
0.95 
1.00 
1.05 
kHz/V 


LM331. 
LM331A 
0.90 
1.00 
1.10 
kHz/V 


Temperature 
Stability 
of Gain 
TMIN 
<:::TA <:::TMAX. 
4.5V <:::Vs <:::20V 


LM131/LM231/LM331 
±30 
±150 
ppmfC 


LM 131AlLM231 
AlLM331 
A 
±20 
±50 
ppmfC 


Change of Gain with VS 
4.5V <:::Vs <:::10V 
0.01 
0.1 
%/V 


10V <:::Vs <:::40V 
0.006 
0.06 
%/V 


Rated Full-Scale 
Frequency 
VIN=~10V 
10.0 
kHz 


Overrange (Beyond 
Full-Scale) 
VIN=-11V 
10 
% 


Frequency 


INPUT COMPARATOR 


Offset Voltage 
±3 
±10 
mV 


LM131/LM231/LM331 
TMIN<:::TA<:::TMAX 
±4 
±14 
mV 


LM 131A1LM231A/LM331A 
TMIN<:::TA<:::TMAX 
±3 
±10 
mV 


Bias Current 
-80 
-300 
nA 


Offset 
Current 
±8 
±100 
nA 


Common-Mode 
Range 
TMIN<:::TA<:::TMAX 
-0.2 
VCC-2.O 
V 


TIMER 


Timer Threshold 
Voltage, 
Pin 5 
0.63 
0.667 
0.70 
x Vs 


Input Bias Current, 
Pin 5 
Vs = 15V 


All Devices 
OV <:::VPIN 5 <:::9.9V 
±10 
±100 
nA 


LM131/LM231/LM331 
VPIN 5 = 10V 
200 
1000 
nA 


LM131 A/LM231A/LM331A 
VPIN 5 = 10V 
200 
500 
nA 


VSAT 
PIN 5lReset) 
1= 5 mA 
0.22 
0.5 
V 


Output Current 
RS= 14 kn, VPIN 1- 
0 


LM131, LMI31A, 
LM231, LM231A 
126 
13S 
144 
~A 


LM331, LM331A 
116 
136 
156 
~A 


Change with Voltage 
OV:"=VPIN 1:"= 10V 
0.2 
1.0 
~A 


Current Source OF F Leakage 


LM131, LM131A 
0.01 
1.0 
nA 


LM231, LM231A, LM331, LM331A 
0.02 
10,0 
nA 


All Devices 
TA=TMAX 
2.0 
50.0 
nA 


Operating Range of Current (Typical) 
110 to 5001 
~A 


LM131, LMI31A, 
LM231, LM231A 
1.76 
1.89 
2.02 
VDC 


LM331, LM331A 
1.70 
1,89 
2,08 
VDC 


Stability vs Temperature 
±60 
ppmtC 


Stability vs Time, 1000 Hours 
±0.1 
% 


LOGIC OUTPUT (Pin 31 


VSAT 
I'" 5 mA 


1= 3,2 mA (2 TTL Loads), TMIN:"= TA:"= TMAX 


LM131, LMI31A, 
LM231, 
Vs - 5V 
2.0 
3,0 
4,0 
mA 


LM231A 
Vs = 40V 
2.5 
4.0 
6.0 
mA 


LM331, LM331A 
Vs = 5V 
1,5 
3.0 
6.0 
mA 


Vs = 40V 
2.0 
4.0 
8.0 
mA 


Note 1: 
All specifications 
apply 
in the circuit 
of Figure 3, with 4.0V S Vs::; 
40V, 
unless otherwise 
noted. 


Note 2: 
Nonlinearity 
is defined 
as the 
deviation 
of 
fOUT 
from 
VIN 
x (10kHz/-l0VOC) 
when 
the circuit 
has been trimmed 
for zero error 
at 


10 Hz and at 10 kHz, 
over the frequency 
range 1 Hz to 11 kHz. 
For the timing capacitor, 
CT, use NPO ceramic, 
Teflon*, 
or polystyrene. 
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PRINCIPLES 
OF 
OPERATION 
OF 
A 
SIMPLIFIED 


VOL TAGE-TO-FREQUENCY 
CONVERTER 


The LM 131 is a monolithic 
circuit 
designed for accuracy 
and 
versatile 
operation 
when 
applied 
as a voltage-to- 
frequency 
(V-to-F) 
converter 
or 
as a 
frequency-to- 
voltage (F-to-V) 
converter. 
A simplified 
block 
diagram 


of 
the 
LM 131 is shown in Figure 2 and consists of a 


switched 
current 
source, input 
comparator, 
and 1-shot 


timer. 


The 
operation 
of 
these blocks 
is best understood 
by 
going through 
the operating 
cycle of the basic V-to-F 


converter, 
Figure 
2, 
which 
consists of 
the simplified 
block 
diagram of the LM131 
and the various resistors 


and capacitors connected to it. 


The 
voltage 
comparator 
compares 
a positive 
input 


voltage, V1, at pin 7 to the voltage, Vx, at pin 6. If V1 is 
greater, the comparator 
will trigger the 1-shot timer. The 
output 
of 
the timer 
will 
turn 
ON both 
the frequency 
output 
transistor 
and the switched current 
source for a 
period 
t = 1.1 RtCt. 
During 
this period, 
the current 
i 


will 
flow 
out of the switched current source and provide 


a fixed 
amount 
of charge, Q = i x t, into the capacitor, 
CL. This will 
normally 
charge Vx 
up to a higher level 


than V1. At the end of the timing 
period, the current 


i will turn OFF, and the timer will reset itself. 


Now 
there 
is no current 
flowing 
from 
pin 
1, and the 


capacitor 
CL will 
be gradually 
discharged by RL until 


Vx falls to the level of V1. Then the comparator 
will 


trigger the timer and start another cycle. 


The 
current 
flowing 
into 
CL 
is exactly 
lAVE 
= i x 
(1.1 x RtCt) 
x f, and the current 
flowing 
out of CL is 


exactly 
Vx/RL 
== VIN/RL.lf 
VIN 
is doubled, 
the fre- 
quency 
will 
double 
to 
maintain 
this 
balance. Even a 


simple 
V-to-F 
converter 
can provide 
a frequency 
pre- 


cisely 
proportional 
to 
its 
input 
voltage 
over 
a wide 
range of frequencies. 


FIGURE 
2_Simplified 
Block Diagram of Stand-Alone 


Voltage-to-Frequency 
Converter Showing LM131 and 


External Components 


DETAIL 
OF 
OPERATION, 
FUNCTIONAL 
BLOCK 


DIAGRAM 
(FIGURE 
la) 


The block 
diagram shows a band gap reference which 
provides a stable 1.9 VDC output. 
This 1.9 VOC is well 
regulated over a Vs range of 3.9V to 40V. 
It also has a 


flat, 
low temperature 
coefficient, 
and typically 
changes 


less than 1/2% over a 100°C temperature change. 


The current 
pump circuit 
forces the voltage at pin 2 to 


be at 1.9V, and causes a current 
i = 1.90V IRs 
to flow. 


For Rs = 14k, i = 135/lA. 
The precision current reflector 
provides a current 
equal to i to the current 
switch. The 
current 
switch 
switches 
the 
current 
to 
pin 
1 or 
to 
ground depending on the state of the RS flip-flop. 


The timing 
function 
consists of an RS flip-flop, 
and a 


timer 
comparator 
connected 
to 
the 
external 
RtCt 
network. 
When the input 
comparator 
detects a voltage 
at pin 7 higher than pin 6, it sets the RS flip-flop 
which 
turns 
ON 
the 
current 
switch 
and 
the 
output 
driver 


transistor. 
When the voltage at pin 5 rises to 2/3 
VCC, 


the 
timer 
comparator 
causes the RS flip-flop 
to reset. 


The reset transistor 
is then turned ON and the current 
switch is turned OFF. 


However, 
if 
the 
input 
comparator 
still 
detects 
pin 
7 


higher 
than 
pin 
6 when 
pin 
5 crosses 2/3 
VCC, 
the 
flip·flop 
will 
not be reset, and the current 
at pin 1 will 
continue 
to flow, 
in its attempt 
to make the voltage at 
pin 
6 
higher 
than 
pin 
7. This 
condition 
will 
usually 
apply 
under 
start-up 
conditions 
or in the case of 
an 
overload voltage at signal input. 
It should be noted that 
during 
this sort of overload, 
the output 
frequency 
will 
be 0; as soon as the signal is restored to the working 
range, the output 
frequency will be resumed. 


The output 
driver transistor 
acts to saturate pin 3 with 
an ON resistance of about 50Q. In case of overvoltage, 
the output 
current is actively limited to less than 50 mA. 


The voltage 
at pin 2 is regulated at 1.90 VDC for all 
values of i between 10 /lA to 500 /lA. 
It can be used as a 
voltage reference for other 
components, 
but care must 
be taken 
to 
ensure that 
current 
is not taken from 
it 
which 
could 
reduce 
the 
accuracy 
of 
the 
converter. 


PRINCIPLES 
OF OPERATION 
OF BASIC VOL TAGE- 
TO-FREQUENCY 
CONVERTER 
(FIGURE 
1) 


The 
simple 
stand-alone 
V-to-F 
converter 
shown 
in 
Figure 
1 includes 
all the 
basic circuitry 
of 
Figure 
2 
plus 
a 
few 
components 
for 
improved 
performance. 


A resistor, R IN = 100 kQ ±10%, has been added in the 
path to pin 7, so that the bias current at pin 7 1-80 nA 
typical) 
will cancel the effect of the bias current at pin 6 
and help provide minimum 
frequency offset. 


The resistance Rs at pin 2 is made up of a 12 kQ fixed 
resistor 
plus a 5 kQ 
(cermet, 
preferably) 
gain adjust 
rheostat. The function 
of this adjustment 
is to trim out 
the gain tolerance 
of the LM131, 
and the tolerance of 


Rt, 
RL 
and Ct. 
For 
best results, all the components 


should 
be 
stable 
low-temperature-coefficient 
compon- 
ents, 
such 
as metal-film 
resistors. 
The 
capacitor 
should 
have low dielectric 
absorption; 
depending 
on the temper- 
ature 
characteristics 
desired, 
NPO 
ceramic, 
polystyrene, 


Teflon" 
or polypropylene 
are best suited. 


A capacitor 
is added 
from 
pin 
7 to ground 
to act 
as a 
filter 
for 
VIN. 
A value 
of 
0.01 
pF 
to 
0.1 
pF 
will 
be 
adequate 
in most 
cases; 
however, 
in cases 
where 
better 
filtering 
is required, 
a 1 pF 
capacitor 
can be used. 
When 
the 
RG time 
constants 
are matched 
at pin 
6 and 
pin 
7, 
a voltage 
step 
at VIN 
will cause 
a step 
change 
in fOUT. 
If GIN 
is much 
less 
than 
GL, a step 
at VIN 
may 
cause 
fOUT 
to stop 
momentarily. 


A 47!1 resistor, 
in series 
with 
the 
1 pF 
GL, is added 
to 
give 
hysteresis 
effect 
which 
helps 
the 
input 
comparator 
provide 
the excellent 
linearity 
(0.03% 
typical). 


DETAIL 
OF 
OPERATION 
OF 
PRECISION 
V-TO-F 


CONVERTER 
(FIGURE 
3) 


In this 
circuit, 
integration 
is performed 
by using 
a con- 


ventional 
operational 
amplifier 
and 
feedback 
capacitor, 


GF. 
When 
the 
integrator's 
output 
crosses 
the 
nominal 


threshold 
level at pin 6 of the 
LM 131, the timing 
cycle 
is 


initiated. 
The 
average 
current 
fed 
into 
the 
op 
amp's 


summing 
point 
(pin 
21 is i x (1.1 
RtGt) 
x f which 
is 
perfectly 
balanced 
with 
-VIN/RIN. 
In this 
circuit, 
the 
voltage 
offset 
of the 
LM131 
input 
comparator 
does 
not 


affect 
the 
offset 
or accuracy 
of the 
V-to-F 
converter 
as 


it does 
in the 
stand-alone 
V-to-F 
converter; 
nor does 
the 


LM131 
bias current 
or offset 
current. 
Instead, 
the offset 
voltage 
and 
offset 
current 
of 
the 
operational 
amplifier 
are 
the 
only 
limits 
on 
how 
small 
the 
signal 
can 
be 


accurately 
converted. 
Since 
op amps 
with 
voltage 
offset 
well 
below 
1 mV 
and 
offset 
currents 
well 
below 
2 nA 
are available 
at low cost, 
this circuit 
is recommended 
for 
best 
accuracy 
for small signals. 
This 
circuit 
also responds 


immediately 
to 
any 
change 
of 
input 
signal 
(which 
a 
stand-alone 
circuit 
does 
not) 
so 
that 
the 
output 
fre- 


quency 
will 
be 
an 
accurate 
representation 
of 
VIN, 
as 


quickly 
as 
2 output 
pulses' 
spacing 
can 
be 
measured. 


In 
the 
precision 
mode, 
excellent 
linearity 
is obtained 


because 
the 
current 
source 
(pin 
1) is always 
at ground 


potential 
and 
that 
voltage 
does 
not 
vary 
with 
VIN 
or 
fOUT. 
(In 
the 
stand-alone 
V-to-F 
converter, 
a major 
cause 
of non-linearity 
is the 
output 
impedance 
at pin 
1 
which 
causes 
i to change 
as a function 
of VIN). 


The 
circuit 
of 
Figure 
4 
operates 
in 
the 
same 
way 
as 


Figure 
3, 
but 
with 
the 
necessary 
changes 
for 
high speed 
operation. 


vs 


10k.1 
10% 
10k'10%** 


( 
l 
":" 
VlOGIC 


foUT 
10 kHz 
FULL·SCAlE 
.,{ 
s," 


RHEOSTAT 
":" 


GAIN 
C, 
2.2k 


ADJUST 
O.D05JJF 
R'N 
MYlAR 
V'N 
100k'1%* 
":'" 


-lOV 


FUll 
SCALE 


-VIN 
RS .-..!... 


foUT 
'" 2.09V 'RiN 
Rtel 


Vs 
-vs 


OPTIONAL 


OFFSET ADJUST 


20k TO 1M 


·Use 
stable 
components 
with 
low 
temperature 
coefficients. 
See Typical 
Applications 
section. 


··This 
resistor 
can be 5 kn or 10 k,n for Vs = 8V 
to 22V. 
but must 
be 10 kn for Vs = 4.5V 
to 8V . 


.•··Use 
low offset voltage and low offset current 
op amps for A 1: recommended 
tYpes LM108. 
LM308A. 
LF351 B 


DETAILS 
OF 
OPERATION, 
FREOUENCY·TO· 
VOLTAGE 
CONVERTERS 
(FIGURES 
5 AND 
6) 


In these applications, 
a pulse input 
at fiN 
is differen- 
tiated 
by a CoR network 
and the negative·going edge at 


pin 6 causes the input 
comparator 
to trigger the timer 


circuit. 
Just 
as with 
a V-to-F 
converter, 
the average 


current 
flowing 
out 
of 
pin 
1 is 
IAVERAGE 
= 
i x 
(1.1 RtCt) x f. 


In the simple circuit 
of Figure 5, this current 
is filtered 


in the network 
RL = 100 kn 
and 1 f1F. The ripple will 


be less than 10 mV peak, but the response will be slow, 


with 
a 0.1 second time constant, 
and settling of 0.7 sec- 


ond to 0.1% accuracy. 


In the precision circuit,an 
operational amplifier 
provides a 


buffered output 
and also acts as a 2-pole filter. The ripple 
will 
be less than 5 mV peak for 
all frequencies 
above 


1 kHz, and the response time will be much quicker than 
in Figure 5. However, for input frequencies below 200 Hz, 
this 
circuit 
will 
have worse ripple 
than Figure 5. The 


engineering of the filter 
time-constants 
to get adequate 
response and small enough ripple simply requires a study 
of 
the 
compromises 
to 
be made. 
Inherently, 
V-to-F 
converter 
response can 
be fast, 
but 
F-to-V 
response 


can not. 


Vs 


C, 
JJOpF*t----:L 


VlOGIC 
":" 


lOUT 
100kHz 


FULL 
SCALE 


OI'TIONAL 


OFFSET 
ADJUST 


20kT01M 
"=' 
"Use stable components with low temperature 
coefficients. 


See Typical Applications 
section. 


··This 
resistor 
can be 5kn 
or 10kn 
for Vs = 8V 
to 22V, 
but 
must 
be 10 k.n for Vs = 4.5V 
to BV . 


.•.•"Use low offset voltage and low offset current ap amps for A 1 : 


recommended 
types LF351 B or LF356. 


FIGURE 4. Precision Voltage·to·Frequency 
Converter, 


100 kHz Full-Scale, ±0.03% Non-Linearity 


{ 


"' .... 


RS 


Sk' 


FIGURE 
5. Simple Frequency·to·Voltage 
Converter, 
10 kHz Full·Scale, ±O.06% Non·Linearity 


RS{ " ... 
'%' 


Sk' 


SELECT Rll 
W tvs - 2Vj 


O.2mA 


"Use stable 
components 
with 
low temperature 
coefficients. 


FIGURE 6. Precision Frequency·to·Voltage 
Converter, 


10 kHz Full·Scale with 2·Pole Filter, ±O.01% 
Non-Linearity 
Maximum 


2" 
12" 


C04020 
C04040 
OR 
SIMILAR 


Basic Analog-to-Digital 
Converter 
Using 
Voltage-to-Frequency 
Converter 


} 


DATA 
OUTPUT 
TD 
COMPUTER 


VFC 
USING 
MICROPROCESSOR 


lM331A 
V,N 
lOUT 


VFe 
CIRcun 
USING 
lM331 


fOUT:: f/2 


SQUARE 
WAVE 


TO 
COMPUTER 
OR 
TO COUNTER 
OR 
TO F-ro-v 
CONVERTER 
USING 
lM131 


TO 
COMPUTER 
OR 
TO 
COUNTER 
OR 
TO 
F·TO·V 
CONVERTER 
USING lM131 


Order Number LM131AH, 
LM131H, 
LM231AH, 
LM231H, 
LM331AH 
or LM331H 
Soe NS Package HOSC 


Order Number LM231AN, 
LM231N, 
LM331AN, 


or LM331N 
See NS Package NOSS 
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MM54C905/MM74C90512·Bit 
Successive Approximation 
Register 
General Description 


• 
Guaranteed 
noise 
margin 


• 
High noise 
immunity 


• 
Low power 
TTL 
compatibility 


1.0V 


0.45 
Vcc 
typ 


fan out 
of 2 
driving 
74L 


The 
MM54C905/MM74C905 
CMOS 
12·bit 
successive 
approximation 
register 
contains 
all the 
digit 
control 
and 


storage 
necessary 
for 
successive 
approximation 
analog· 


to-digital 
conversion. 
Because 
of the 
unique 
capability 


of CMOS to switch 
to each supply 
rail without 
any offset 


voltage, 
it 
can 
also 
be 
used 
in digital 
systems 
as the 


control 
and storage 
element 
in repetitive 
routines. 


• 
Provision for register extension or truncation 


• 
Operates 
in START/STOP 
or continuous 
conversion 


mode 


• 
Orive 
ladder 
switches 
directly. 
For 
10 
bits 
or 
less 


with 
50k/100k 
R/2R 
ladder 
network 


Dual-I n-Line Package 


vec 
ill1 
Ne 
all 
010 
09 
DB 
Q1 
06 
Ne 
CP 


[~. 2J 
22 
21 
20 
19 " 


17 
16 
IS " " 


- 
,..... 


1 
2 
3 
• 
5 
6 
7 
• , 
10 
11 rz 


- 
- 
DO 
CC 
00 
Ql 
Q2 
QJ 
04 
05 
Ne 
D 
GND 


Order Number MM54C9050 
or MM74C9050 
See NS Package 
D24A 


TIME 
INPUTS 
OUTPUTS 


tn 
0 
S 
E 
DO 
011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
00 
CC 


0 
X 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


1 
011 
H 
L 
X 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


2 
010 
H 
L 
011 
011 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


3 
09 
H 
L 
010 
011 
010 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


4 
08 
H 
L 
09 
011 
010 
09 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


5 
07 
H 
L 
08 
011 
010 
09 
08 
L 
H 
H 
H 
H 
H 
H 
H 
H 


6 
06 
H 
L 
07 
011 
010 
09 
DB 
07 
L 
H 
H 
H 
H 
H 
H 
H 


7 
05 
H 
L 
06 
011 
010 
09 
08 
D7 
06 
L 
H 
H 
H 
H 
H 
H 


8 
04 
H 
L 
05 
011 
010 
09 
08 
D7 
06 
05 
L 
H 
H 
H 
H 
H 


9 
03 
H 
L 
04 
011 
010 
09 
08 
07 
06 
05 
04 
L 
H 
H 
H 
H 


10 
02 
H 
L 
03 
011 
010 
09 
08 
07 
06 
05 
00 
03 
L 
H 
H 
H 
11 
01 
H 
L 
02 
011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
L 
H 
H 
12 
DO 
H 
L 
01 
011 
010 
09 
08 
07 
06 
05 
DO 
03 
02 
01 
L 
H 
13 
X 
H 
L 
DO 
011 
010 
09 
08 
07 
06 
D5 
DO 
03 
02 
01 
DO 
L 
14 
X 
X 
L 
X 
011 
010 
09 
08 
07 
06 
05 
D4 
03 
D2 
01 
DO 
L 


X 
X 
H 
X 
H 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 


H 
HIgh level 


L .• low 
level 


X 
Don', 
care 


NC'" 
No 
change 


Voltage 
at Any 
Pin 


Operating 
Temperature 
Range 


MM54C905 
MM74C905 


Storage 
Temperature 
Range 


Package 
Dissipation 


Operating 
V cc 
Range 


Absolute 
Maximum 
Vcc 


Lead 
Temperature 
(Soldering, 
10 seconds) 


Logical "1" 
Input Current 
(1IN(n) 


Logical "0" 
Input Current 
(IIN(O') 


Supply 
Current 
(Ice) 


Logical 
"1" 
Input 
Voltage 
(V'Nl1') 
MM54C905 


MM74C905 


Logical 
"0" 
Input 
Voltage 
(V'N10)} 


MM54C905 


MM74C905 


Logical "'" 
Output 
Voltage 
(VOUTlll) 
MM54C905 


MM74C905 


Logical 
"0" 
Output 
Voltage 
IVOUT(0)) 


MM54C905 


MM74C905 


---55°Cto +125°C 


-40° C to +85° C 


-ii5°C to +150°C 


500mW 
3.0V to 15V 


16V 
300°C 


CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vcc 
= 5.0V 
3.5 
V 


Vcc 
= 10V 
8.0 
V 


Vcc 
= 5.0V 
1.5 
V 


Vcc 
= 10V 
2.0 
V 


V cc = 5.0V, 
10 = -lOj.1A 
4.5 
V 


Vcc 
= 10V. 
10 = -10j.1A 
9.0 
V 


Vcc 
= 5.0V, 
10 = 10j.1A 
0.5 
V 


Vcc 
= 10V, 
10 = 10j.1A 
1.0 
V 


Vcc=15V, 
V'N=15V 
0.005 
1.0 
j.1A 


Vcc 
= 15V, 
V'N 
= OV 
-1.0 
-0.005 
j.1A 


Vcc 
= 15V 
0.05 
300 
j.1A 


Vcc 
= 4.5V 
Vcc-l.5 
V 


Vcc 
= 4.75V 
Vcc-1.5 
V 


Vcc 
= 4.5V 
0.8 
V 


Vcc 
= 4.75V 
0.8 
V 


Vcc 
= 4.5V, 
10 = -360j.1A 
2.4 
V 
[;]I 
Vcc 
= 4.75V, 
10 = -360j.1A 
2.4 
V 


Vcc 
= 4.5V. 
10 = 360j.1A 
0.4 
V 
Vcc 
= 4.75V, 
10 = 360j.1A 
0.4 
V 


Output 
Source Current 
(Isou 
RCE) 
Vcc 
= 5.0V, 
VOUT = OV 
-1.75 
-3.3 
mA 
(P·Channel) 
TA 
= 25°C 


Output 
Source Current 
(lsouRCE) 
Vcc 
= 10V, 
VOUT = OV 
-8.0 
-15 
mA 
IP·Channel} 
TA 
= 25°C 


Output 
Sink Current 
(ISINK) 
Vcc 
= 5.0V, 
VOUT = Vcc 
1.75 
36 
mA 
(N·Channel) 
TA 
= 25°C 


Output 
Sink Current 
(lsINKI 
Vcc 
= 10V, 
VOUT 
= Vcc 
8.0 
16 
mA 


IN·Channel) 
TA 
= 25°C 


011-00 
Outputs 
Vcc 
= lOV ±5% 


RSOUACE 
VOUT = Vcc 
-0.3V 
150 
350 
n 


TA 
= 25°C 


RS1NK 
Vcc 
= lOV ±5% 


VOUT =0.3V 
80 
230 
n 


T A = 25°C 


8·263 


Lt) 
~ 
AC Electrical Characteristics 
T A = 25°C, Cl 
= 50 pF, unless otherwise specified. 
o 
~:e:e 
LiS 


~o 
~Lt):e:e 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Propagation 
Delay Time From Clock 
Vcc = 5,OV 
200 
350 
ns 


Input To Outputs 
(QO-Qll) 
(tpdloll 
Vcc = 10V 
80 
150 
ns 


Propagation 
Delay Time From Clock 
Vcc = 5.0V 
180 
325 
ns 


Input To Do (tpdIDOI) 
Vcc = 10V 
70 
125 
ns 


Propagation 
Delay Time From Register 
Vcc = 5.0V 
190 
350 
ns 


Enable (E) To Output 
(Qlll 
(tpdIE)) 
Vcc = 10V 
75 
150 
ns 


Propagation 
Delay Time From Clock 
Vcc = 5,OV 
190 
350 
ns 


To CC (tpdICCI) 
Vcc = 10V 
75 
0.50 
ns 


Data Input Set-Up Time (tDS) 
Vcc = 5.0V 
80 
ns 


Vcc = 10V 
30 
ns 


Start Input Set-Up Time (tss) 
Vcc = 5.0V 
80 
ns 


Vcc = 10V 
30 
ns 


Minimum 
Clock Pulse Width 
(tPWl, tPWH) 
Vcc = 5.0V 
250 
125 
ns 


Vcc = 10V 
100 
50 
ns 


Maximum 
Clock Rise and Fall Time (t" tf) 
Vcc = 5.0V 
15 
/lS 
Vcc = 10V 
5 
/lS 


Maximum 
Clock Frequency 
(fMAX) 
Vcc = 5.0V 
2 
4 
MHz 


Vcc = 10V 
5 
10 
MHz 


Clock Input Capacitance (CClK) 
Clock Input (Note 21 
10 
pF 


Input Capacitance (C,N) 
Any Other Input 
(Note 2) 
5 
pF 


Power Dissipation 
Capacitance (CPD) 
(Note 3) 
100 
pF 


Note 
1: 
"Absolute 
Maximum 
Ratings" 
are those values beyond 
which 
the safety of the device cannot 
be guaranteed. 
Except for "Operating 


Temperature 
Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" 
provides conditions 
for actual device operation. 


Note 2: 
Capacitance is guaranteed by periodic testing. 


Note 3: 
CpO determines the no load ac power consumption 
of any CMOS device. For complete explanation 
see 54C174C 
Family Characteristics 
application note, AN-90. 


~ 
300 


a:: 
200 


QII~ 
••• 
------------------- 


QID~ 


Q'~ 


Q' ::..=.=.J 
U 


Q7 ==.=J 
Q'=.:.J 


QO ==..J 


Q. ::.=...-J 
Q,==-.J 


Q2 =.:.J 


QI =---oJ 


QD :=..=.=J 
ff:=::J 


current 
sWitches 
that 
require 
a high voltage 
level to turn 
the 
switch 
ON. 
If current 
switches 
are used 
which 
turn 
ON with 
a low logic level, the 
resulting 
digit 
output 
from 
the 
register 
is active 
low. That 
is, a logic "1" 
is represented 


as a low voltage 
level. 
If current 
switches 
are used which 


turn 
ON 
with 
a 
high 
logic 
level, 
the 
resulting 
digit 


output 
is active 
high. 
A logic "1" 
is represented 
as a high 


voltage 
level. 


For a maximum 
error 
of ±1 /2 LSB, the comparator 
must 


be biased. 
If current 
switches 
that 
require 
a high voltage 
level 
to 
turn 
ON 
are 
used, 
the 
comparator 
should 
be 
biased 
+1/2 
LSB 
and 
if the 
current 
switches 
require 
a 
low 
logic 
level to turn 
ON, then 
the comparator 
must 
be 
biased 
-1/2 
LSB. 


The 
register 
can 
be 
used 
to 
perform 
2's 
complement 


conversion 
by 
offsetting 
the 
comparator 
one 
half 
full 


If the 
register 
is truncated 
and 
operated 
in the 
contin- 
uous 
conversion 
mode, 
a lock-up 
condition 
may 
occur 
on power-ON. 
This situation 
can be overcome 
by making 
the 
START 
input 
the 
"OR" 
function 
of 
CC and 
the 
appropriate 
register 
output. 


The 
register, 
by 
suitable 
selection 
of 
register 
ladder 


network, 
c~n 
be 
used 
to 
perform 
either 
binary 
or 
BCq 
conversion. 


The 
register 
outputs 
can 
drive 
the 
10 bits 
or less with 
50k/l00k 
R/2R 
ladc:ler network 
directly 
for Vcc = 10V 
or 
higher. 
I~ orqer 
to drive 
the 
12-bit 
50kl1 
OOk ladder 
network 
and 
have 
the 
±1/2 
LSB 
resolution, 
the 


MM54C902/MM74C902 
or 
MM54C904/MM74C904 
is 


used 
as buffers, 
three 
buffers 
for MSB (all). 
two 
buffers 


for 010, 
and one buffer 
for 09_ 


MMSoIC9112 


1MM14C902 
ORMMS4CiG4 


IMM74C9G4 


CPo 
Register 
clock input. 


CC: 
Conversion complete-this 
output 
remains 
at 


VOUT(1) 
during 
a conversion 
and 
goes to VOUTIO) when 


conversion is compiete. 


0: 
Serial data input-connected 
to comparator 
output 
in 
A-to-D 
applications. 


E: Register enable-this 
input 
is used 
to 
expand 
the 
length 
of the 
register. 
When E is at V'NllI 
all 
is forced 


to 
VOUTI1L and 
inhibits 
conversion. 
When 
not 
used 
for 


expansion 
E must 
be connected 
to 
V,N(0) 
(GND). 


011: 
True 
register 
MSB output. 


} 
",,,m 


DATA out 


011: 
Complement 
of register 
MSB output. 


Oi (j = 0 to 11): 
Register 
outputs. 


S: Start input-holding 
start 
input 
at V,N(0) 
for at least 
one 
clock 
period 
will 
initiate 
a conversion 
by 
setting 
MSB 
(011) 
at VOUTIO) and 
all other 
output 
(010-00) 


at VOUTllI' 
If set-up 
time 
requirements 
are 
met, 
a con- 
version 
may 
be initiated 
by holding 
start 
input 
at V,N(0) 


for 
less than 
one 
clock 
period. 


DO: Serial data output-D 
input 
delayed 
by one 
clock 


period. 


Section 9 
a 
Industrial Blocks 
• 
Functional 
Automotive 
Telecommunications 
Monolithic Filters 


Industrial Blocks: Functional/Automotive/ 
Telecommunications/Monolithic 
Filters 


Automotive 
ADC0808, 
ADC0809 
8-Bit ",P Compatible 
AID Converters 
with 


8-Channel 
Multiplexer. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
8-60 
LF351 Wide Bandwidth 
JFET Input Operational 
Amplifier. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-35 
LF353 Wide Bandwidth 
Dual JFET Input Operational 
Amplifier. 
. . . . . . . . . . . . . . . . . . . . . .. 
3-42 
LM117/LM217/LM317 
3-Terminal Adjustable 
Regulator. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-23 
LM124/LM224/LM324, 
LM124A/LM224A/LM324A, 
LM2902 Low Power 


Quad Operational 
Amplifiers 
3-172 


LM131A/LM131, 
LM231A/LM231, 
LM331A/LM331 
Precision 


VOltage-to-Frequency 
Converters 
8-251 


LM134/LM234/LM334 
3-Terminal Adjustable 
Current 
Sources. 
. . . . . . . . . . . . . . . . . . . . . . .. 
9-17 


LM135/LM235/LM335, 
LM135A/LM235A/LM335A 
Precision 
Temperature 
Sensors. 
. . . . . . .. 
9-25 


LM136/LM236/LM336 
2.5V Reference 
Diode. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2·30 
LM136-5.0/LM236-5.0/LM336-5.0 
5.0V Reference 
Diode. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-36 
LM139/LM239/LM339, 
LM139A/LM239A/LM339A, 
LM2901, LM3302 
Low Power 
Low Offset 
Voltage 
Quad Comparators. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5-27 


LM158/LM258/LM358, 
LM158A/LM258A/LM358A, 
LM2904 Low Power 
Dual Operational 
Amplifiers 
3-216 


LM383/LM383A 
7 Watt Audio 
Power Amplifier 
10-32 
LM185-1.2/LM285-1.2/LM385-1.2 
Micropower 
Voltage 
Reference 
Diode. 
. . . . . . . . . . . . . . . .. 
2-42 


LM185-2.5/LM285-2.5/LM385-2.5 
Micropower 
Voltage 
Reference 
Diode. 
. . . . . . . . . . . . . . .. 
2-48 
LM903 Fluid Level Detector. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .. 
9-58 


LM1815 Adaptive 
Sense Amplifier 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9-85 
LM1830 Fluid Detector 
.........................................•............... 
9-88 
LM2877 Dual4-Watt 
Power Audio Amplifier 
_ 
10-204 


LM2878 Dual5 
Watt Power Audio Amplifier 
10-210 
LM2907, LM2917 Frequency 
to Voltage 
Converter 
9-135 


LM29303 
Terminal 
Positive 
Regulator 
.............................•............... 
1-170 


LM2931 Series Low Dropout 
Regulators 
_ 
_ 
1-176 


LM3909 LED Flasher/Oscillator 
................................•.•.•............. 
9-152 


LM3914 Dot/Bar 
Display 
Driver 
9-163 


LM3915 Dot/Bar 
Display 
Driver 
' 
_ 
9-177 


LM3916 Dot/Bar 
Display 
Driver 
9-193 


LM13700/LM13700A/LM11700A 
Dual Operational 
Transconductance 
Amplifiers 
with Linearizing 
Diodes and Buffers 
10-258 


Appliance 


LM383/LM383A 
7 Watt Audio 
Power Amplifier. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
10-32 


LM903 Fluid Level Detector. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9-58 
LM1815 Adaptive 
Sense Amplifier. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9·85 
LM1830 Fluid Detector 
9-88 
LM2877 Dual4-Watt 
Power Audio 
Amplifier 
10-204 


LM2878 Dual5 
Watt Power Audio Amplifier 
10·210 
LM3914 Dot/Bar 
Display 
Driver 
9-163 


Functional 
Blocks 


LM122/LM222/LM322, 
LM2905/LM3905 
Precision 
Timers. 
. . . . • . . . . . . . . . . . . . . . . . . . . . . 
9·5 


LM131A/LM131, 
LM231A/LM231, 
LM331A/LM331 


Precision 
Voltage·to·FrequencyConverters 
8-251 


LM134/LM234/LM334 
3-Terminal 
Adjustable 
Current 
Sources. 
. . . . . . . . . . . . . . . . . . . . . .. 
9-17 
LM135/LM235/LM335, 
LM135A/LM235A/LM335A 
Precision 
Temperature 
Sensors 
9-25 


LM555/LM555C 
Timer 
9-33 
LM556/LM556C 
Dual Timer. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9-39 


LM565/LM565C 
Phase Locked 
Loop 
9-42 
LM566/LM566C 
Voltage 
Controlled 
Oscillator. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9·47 
LM567/LM567C 
Tone Decoder. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9-50 


LM733/LM733C 
Differential 
Video Amp. 
. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . .. 
9·54 
LM909 Remote 
Control 
Receiver. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9-64 
LM1014/LM1014A 
Motor 
Speed Regulator........................................ 
9-69 
LM1391 Phase-Locked 
Loop Block 
10-104 
LM1801 Smoke 
Detector. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9-73 
LM1812 Ultrasonic 
Transceiver. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9·77 
LM1851 Ground 
Fault 
Interrupter. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
9·94 
LM1871 RC EncoderlTransmitter 
9-101 


LM1872 Radio Control 
ReceiverlDecoder 
9-116 


LM3080/LM3080A 
Operational 
Transconductance 
Amplifier 
9-148 
LM3909 LED Flasher/Oscillator 
9-152 
LM3911 Temperature 
Controller 
9-156 
LM13600/LM13600A/LM11600A 
Dual Operational 
Transconductance 
Amplifiers 


With 
Linearizing 
Diodes 
and Buffers 
10-242 


LM 13700/LM 13700A/LM 
11700A Dual Operational 
Transconductance 


Amplifiers 
with Linearizing 
Diodes 
and Buffers 
10-258 
MF10 Universal 
Monolithic 
Dual Switched 
Capacitor 
Filter 
9·212 
Display 
Drivers 


LM3909 LED Flasher/Oscillator 
9-152 


LM3914 Dot/Bar 
Display 
Driver 
..............•................................... 
9-163 
LM3915 Dot/Bar 
Display 
Driver 
9·177 
LM3916 Dot/Bar 
Display 
Driver 
....................................•............. 
9·193 
Telecommunications 


TP5116A, TP5117A, TP5156A Monolithic 
CODECs 
9-223 
TP3020/TP3021 
Monolithic 
CODECs 
9-229 


TP3040/TP3040A 
PCM Monolithic 
Filter 
9-238 
TP3051, TP3056 Monolithic 
Parallel 
Interface 
CODEC/Filter 
Family 
9·245 


TP3052, TP3053, TP3054, TP3057 Monolithic 
Serial 
Interface 


CODEC/Filter 
Family 
9-247 
TP3110, TP3120 Digital 
Line Interface 
Controllers 
(DUG) 
9-249 
TP5087/TP5087 
A, TP5092/TP5092A, 
TP5094/TP5094A 


DTMF (TOUCH-TONE@) Generators 
9-250 
TP5088 DTMF Generator 
for Binary 
Input Data 
9-254 
TP9151, TP9152, TP9156, TP9158 Push Button 
Pulse Dialer Circuits 
with 
Redial 
9-255 


TP50981/TP50981 
A, TP50982/TP50982A, 
TP50985/TP50985A 


Push Button 
Pulse Dialer Circuits 
9·260 


TP5395, TP53125 DTMF (TOUCH-TONE@) Generators 
9-266 
TP5393, TP5394, TP53143, TP53144 Pushbutton 
Pulse Dialer Circuits 
9-271 


TP53130 DTMF (TOUCH-TONE@)Generator 
9-276 


TP5600, TP5605, TP5610, TP5615 Ten·Number 
Repertory 
Pulse Dialers 
9·281 
TP5650, TP5660 Ten-N umber 
Repertory 
DTM F Generators 
. . . . . . . . . . . . . . . . . . . . . . . . . .. 
9·287 


Capacitor 
Saturation 
Voltage: 
The 


remaining 
on 
the 
timing 
capacitor 
discharge current has dropped to zero. 


offset 
voltage 


after 
capacitor 
Open loop Supply Current: 
The supply current required 


with the signal amplifier A2 biased off (inverting input 
positive, 
non·inverting 
input negative) and no load on 


the VREF terminal. 


This represents 
a measure 
of the 
minimum 
low end 
signal current. 


Output leakage Current: 
The maximum current flowing 


into 
the 
collector 
of the output 
transistor 
when the 


transistor is in the "OFF" 
state. 


Output Sink Current: 
The current available to flow into 
a load from 
a positive supply over a specified output 
voltage range. 


Output 
Source Current: 
The current 
available to flow 
into a load from the 
output 
to V-, 
over a specified 
output voltage range. 


Output Voltage: 
The voltage referred to the V+ terminal 
from the 
output 
terminal 
with the 
input 
and output 
connected. 
(This voltage is the temperature 
output 
of 


the lM3911 
and so includes errors in the sensor section 


and op amp section.) 


Power Supply Rejection Ratio: 
The ratio of the change 


in input offset voltage to the change in supply (output) 
voltage producing it. 


Reference 
Voltage 
line 
Regulation: 
The ratio 
of the 
change in VREF to the peak·to·peak 
change in supply 


(output) voltage producing it. 


Reference 
Voltage 
load 
Regulation: 
The 
change 
in 


VREF for a stipulated change in IREF· 


Reset Resistor: 
The equivalent 
resistor which may be 


used 
to 
calculate 
the 
discharge 
time 
of the 
timing 


capacitor, tDISCHARGE = (5) (Ct) (RRESET). 


Reverse 
Breakdown 
Voltage: 
The 
voltage 
appearing 


between the V+ and V- terminals at a specified current. 


Rt: Timing resistor connected 
between 
VREF and the 


R/C terminal. 


Temperature 
Stability: 
The 
percentage 
in 
output 


voltage for a thermal 
variation from room temperature 


to either temperature 
extreme. 


Timing 
Ratio: 
The 
ratio 
of the firing voltage at the 


R/C pin to the reference voltage. 


Trigger Current: 
The current flowing into or out of the 


trigger terminal at the specified trigger voltage. 


Trigger 
Voltage: 
The 
voltage 
required 
at the 
trigger 


terminal 
to initiate 
a timing cycle, 
referenced 
to the 


ground pin. 


Collector 
Saturation 
Voltage: 
The collector 
to emitter 
voltage on the output 
transistor 
when it is in the "ON" 
state 
with 
specified 
sink 
current 
flowing 
into 
the 
collector terminal. 


Common·Mode Rejection Ratio: 
The ratio of the change 
in input offset voltage to the peak·to·peak input voltage 
range. 


Comparator 
Input Current: 
The average current flowing 


from the R/C pin during the timing cycle. 


Ct: Timing 
capacitor 
connected 
between 
the 
R/C 


terminal and the ground terminal. 


Emitter 
Saturation 
Voltage: 
The 
voltage 
across 
the 
output 
transistor 
when the collector 
is tied to V+, the 
transistor 
is in the "ON" state, and the specified output 


current is flowing from the emitter terminal. 


Input 
Bias Current: 
The 
average 
of 
the 
two 
input 


currents. 


Input Offset Current: 
The difference in the current into 


the 
two 
input 
terminals 
when 
the 
supply 
(output) 


current is 4.0 mA. 


Input 
Offset 
Voltage: 
The 
voltage 
which 
must 
be 
applied 
between 
the 
input 
terminals 
through 
equal 


resistances to obtain 4.0 mA of supply (output) current. 


Input 
Resistance: 
The 
ratio 
of the 
change 
in input 


voltage to the change in input current 
at either 
input 


with the other input connected to 1.0 Vdc. 


Input 
Voltage 
Range: The 
range of voltages 
on the 


input 
terminals 
for which the device operates 
within 


specifications. 


linearity: 
The 
deviation 
in output 
voltage 
from 
a 


straight 
line 
output 
over 
a 
specified 
temperature 


excursion. 


long 
Term Stability: 
The change of a particular para· 


meter 
when 
operated 
at 
maximum 
temperature 
for 


1000 hours. 


Maximum 
Power 
Dissipation: 
The 
maximum 
total 


device 
dissipation 
for 
which 
the 
timer 
will operate 


within specifications. 


Open loop 
Output 
Resistance: 
The ratio of a specified 


supply 
(output) 
voltage change to the resulting change 


in supply (output) 
current at the specified current level. 


Open loop 
Transconductance: 
The ratio of the supply 
(output) 
current SPAN to the input voltage required to 


produce that SPAN. 


~National 
~ 
Semiconductor 
LM1221LM2221LM322, 
LM2905/LM3905 
Precision Timers 


General 
Description 


The LM 122 series are precision timers that offer 
great versatility 
with high accuracy. They operate 


with unregulated supplies from 4.5V to 40V while 
maintaining 
constant timing 
periods from 
micro- 


seconds to hours. Internal logic and regulator cir- 
cuits 
complement 
the 
basic 
timing 
function 


enabling 
the 
LM122 
series to operate in many 


different 
applications with a minimum of external 


components. 


The output 
of the timer 
is a floating 
transistor 


with 
built 
in current 
limiting. 
It can drive either 


ground referred or supply referred loads up to 40V 
and 50 mA. 
The floating 
nature 
of this output 
makes it ideal for interfacing, 
lamp or relay driv- 


ing, and signal conditioning 
where an open col- 
lector or emitter 
is required. A "logic reverse" cir- 
cuit can be programmed by the user to make the 
output 
transistor 
either "on" 
or "off" 
during the 
timing period. 


The trigger input to the LM122 series has a thresh- 
old of 1.6V independent of supply voltage, but it 
is fully 
protected against inputs ashigh as±40V - 
even when using a 5V supply. The circuitry 
reacts 
only to the rising edge of the trigger signal, and is 
immune to any trigger voltage during the timing 
periods. 


An 
internal 
3.15V 
regulator 
is included 
in the 
timer to reject supply voltage changes and to pro- 
vide the user with a convenient reference for appl i- 
cations other than a basic timer. External loads up 
to 5 mA can be driven by the regulator. An inter- 
nal 2V divider 
between the reference and ground 
sets the timing 
period to 1 RC. The timing period 


can be voltage controlled 
by driving 
this divider 


~ 
~lOG'CTlEOTOV"I'L 


~---i 


~ 
INPUT L----..l..- 


with 
an external 
source through 
the V ADJ 
pin. 


Timing 
ratios 
of 
50:1 
can be easily achieved_ 


The comparator 
used in the LM122 utilizes high 
gain PNP input transistors to achieve 300 pA typi- 
cal input bias current over a common 
mode range 


of OV to 3V. A boost terminal 
allows the user to 


increase comparator 
operating current 
for timing 


periods less than 1 ms. This lets the timer 
oper- 


ate over a 3/1s to 
multi-hour 
timing 
range with 
excellent 
repeatabil ity. 


The LM 122 operates over a temperature range of 
-55°C 
to +125°C. An electrically 
identical LM222 


is specified from -25°C to +85°C, 
and the LM322 


is specified 
from 
O°C to 
+70°C_ The 
LM2905/ 


LM3905 are identical to the LM 122 series except 
that 
the 
boost 
and 
VADJ pin options 
are not 


available, limiting minimum timing period to 1 ms. 


• 
Immune 
to changes in trigger 
voltage during 
timing interval 


• 
Timing periods from microseconds to hours 


• 
Internal logic reversal 


• 
Immune 
to 
power 
supply 
ripple 
during 
the 


timing interval 


• 
Operates from 4.5V to 40V supplies 


• 
Input protected to ±40V 


• 
Floating transistor output 
with internal current 
limiting 


• 
Internal regulated reference 


• 
Timing period can be voltage controlled 


• 
TTL compatible input and output 


'0(A'I80R,1I 


ELECTRONICS 
lPUIA416K 


POLYCAR80NIIH 


Lt) 
0 
Absolute 
Maximum 
Ratings 
0) 
('I) 
Power 
Dissipation 
500 mW 
Operating 
Temperature 
Range 
:i!: 


V+ 
Voltage 
40V 
LM122 
-55°C'; 
TA'; 
+125°C 


Collector 
Output 
Voltage 
40V 
LM222 
-25°C'; 
TA'; 
+85°C 
...I 


VREF 
Current 
5 mA 
LM322 
O°C'; 
TA .; +70°C 
in 
Trigger 
Voltage 
±4QV 
LM2905 
-40°C'; 
TA'; 
+85°C 
0 
V ADJ 
Voltage 
{Forced} 
5V 
LM3905 
O°C'; 
TA'; 
+70°C 
0) 
Logic 
Reverse 
Voltage 
5.5V 
N 
Output 
Short 
Circuit 
Duration 
(Note 
1) 


:i!: 


Lead 
Temperature 
(Soldering, 
10 see) 
300°C 


...I 
Electrical 
Characteristics 
INote 21 
N 
PARAMETER 
CONDITIONS 
LM122/LM222 
LM322 
LM2905/LM3905 
UNITS 
N 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
('I) 


Timing 
Ratio 
TA = 25°C, 
4.5V'; 
V+.; 
40V 
0.626 
0.632 
0.638 
0.620 
0.632 
0.644 
0.620 
0.632 
0.644 
:i!: 
1;3005t Tied 
to 
V+, 
(Note 
3) 
0.620 
0.632 
0.644 
0.620 
0.632 
0.644 
...I 


Comparator 
Input 
Current 
TA = 25°C, 
4.5V'; 
V+ ';40V 
0.3 
1.0 
0.3 
1.5 
0.5 
1.5 
nA 
N 
Boost Tied to v+ 
30 
100 
30 
100 
nA 
N 
Trigger 
Voltage 
TA = 25°C, 
4.5V'; 
V+.; 
40V 
1.2 
1.6 
1.2 
1.6 
1.2 
1.6 
V 
N 
:i!: 


Trigger Current 
TA = 25°C, 
VTRIG 
= 2V 
25 
25 
25 
IlA 


...I 
Supply 
Current 
TA ~ 25°C, 
4.5V 
.; V+ .; 40V 
2.5 
2.5 
4.5 
2.5 
4.5 
mA 


N 
Timing 
Ratio 
4.5V'; 
V+.; 
40V 
0.62 
0.644 
0.61 
0.654 
0.61 
0.654 
N 
Boost 
Tied 
to 
V+ 
0.62 
0.644 
0.61 
0.654 
,.. 


Comparator 
Input 
Current 
4.5V .; V+ .; 40V 
-5 
5 
-2 
2 
-2.5 
2.5 
nA 
:i!: 
Boost Tied to V+, (Note 4) 
100 
150 
nA 
...I 


4.5V'; 
V+ S 40V 
Trigger 
Voltage 
0.8 
2.5 
0.8 
2.5 
0.8 
2.5 
V 


Trigger 
Current 
VTRIG 
= 2.5V 
200 
200 
200 
IlA 


Output Leakage Current 
VCE =40V 
IlA 


Capacitor 
Saturation 
Voltage 
Rt~l 
Mil 
2.5 
2.5 
2.5 
mV 


Rt = 10 kil 
25 
25 
25 
mV 


Reset Resistance 
150 
150 
150 
il 


Reference 
Voltage 
TA = 25°C 
3.15 
3.3 
3.15 
3.3 
3.15 
3.3 
V 


Reference Regulation 
0'; 
lOUT'; 
3 mA 
20 
50 
20 
50 
20 
50 
mV 


4.5V'; 
V+.; 
40V 
6 
25 
6 
25 
6 
25 
mV 


Collector Saturation Voltage 
I L = 8 mA 
0.25 
0.4 
0.25 
0.4 
0.25 
0.4 
V 


IL = 50 mA 
0.7 
1.4 
0.7 
1.4 
0.7 
1.4 
V 


Emitter Saturation Voltage 
TA = 25°C, 
IL' 
3 mA 
1.8 
2.2 
1.8 
2.2 
1.8 
2.2 
V 


TA = 25°C, 
IL = 50 mA 
2.1 
3 
2.1 
3 
2.1 
3 
V 


Average Temperature 
0.003 
0.003 
0.003 
%tc 


Coefficient of Timing Ratio 


Minimum Trigger Width 
VTRIG 
= 3V 
0.25 
0.25 
0.25 
IlS 


Note 
1: 
Continuous 
output 
shorts are not allowed. 
Short 
circuit 
duration 
at ambient 
temperatures 
up to 40° C may be calculated 
from 
t = 1201 
VCE seconds. where VCE 
is the collector 
to emitter 
voltage across the output 
transistor 
dUring the short. 


Note 2: 
These specifications 
apply for TAMIN 
$. TA $. TAMAX 
unless otherwise 
noted. 


Note 
3: 
Output 
pulse width 
can be calculated 
from 
the following 
equation: 
t = (Rt)(Ct) 
[1 - 
2(0.632 
- 
r) 
- 
VC/VREF) 
where 
r is timing 
ratio 


and Vc 
is capacitor 
saturation 
voltage. This reduces to t = (Rt)(Ct) 
for all but the most critical 
applications. 


Note 
4: 
Sign 
reversal may occur at high temperatures 
(> 100°C) 
where 
comparator 
input 
current 
is predominately 
leakage. See typical 
curves. 
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COMPARATOR 
FUNCTION 
(NO CAPACITOR FROM R/e TO GND, 


R ~ 1 kO IN SERIES WITH R/e PIN) 


One 
of the 
main features 
of the 
LM122 is its 
great 
versatility. 
Since this 
device 
is unique, 
a 


description 
of the 
functions 
and 
limitations 
of 


each 
pin 
is in order. 
This will make 
it much 


easier 
to 
follow 
the 
discussion 
of the 
various 


applications 
presented 
in this 
note. 


required. 
The regulated 
voltage is very useful in 


applications where the LM122 isnot used as a timer; 
such 
as switching 
regulators, 
variable 
reference 


comparators, 
and temperature 
controllers. 
Typical 
temperature 
drift 
of the 
reference 
is less than 


0.01%fc. 


V+ is the positive supply term inal of the LM122. 
When using a single supply, this terminal 
may be 


driven 
by any 
voltage between 
4.5V 
and 40V. 
The effect 
of supply variations 
on timing period 


is less than 0.005%/V, so supplies with high ripple 
content 
may be used without 
causing pulse width 


changes. Supply 
bypassing on V+ is not generally 
needed but may be necessary when driving highly 
reactive loads. Quiescent 
current 
drawn from the 
V+ terminal 
is typically 
2.5 mA, independent 
of 


the supply voltage. Of course, additional 
current 


will be drawn if the reference is externally 
loaded. 


The 
trigger 
terminal 
is used to 
start 
a tim ing 
cycle 
(see functional 
diagram). 
Initially, 
Q1 is 
saturated, 
Ct is discharged and the latching buffer 


output 
(V11 is latched 
high. A trigger pulse un- 


latches 
the 
buffer, 
V1 goes low and turns 
Q1 
off. The timing capacitor Ct connected from R/C to 
GND will begin to charge. When the voltage at the 
R/C 
terminal 
reaches the 2.0V threshold 
of the 


comparator, 
the comparator 
toggles, latching the 


buffer 
output 
(V1) in the high state. This turns 


on Q1, discharges the capacitor Ct and the cycle is 
ready to begin again. 


The VREF pin is the output 
of a 3.15V 
series 
regulator 
referenced 
to 
the 
ground 
pin. Up to 


5.0 mA can be drawn from this pin for driving 
external networks. 
In most applications the timing 


resistor 
is tied to VREF, but 
it need not be in 


situations 
where a more li'near charging current 
is 


If the trigger is held high as the timing period ends, 
the comparator 
will toggle and V, will go high 


exactly as before. However, V1 will not be latched 
and the capacitor will not discharge until the trig- 
ger again goes low. When the trigger goes low, V1 
remains high but is now latched. 


Pin Function Description (Continued) 


Trigger threshold 
is typically 
1.6V 
at 25°C and has 
a temperature 
dependence of -5.0 
mVloC. 
Cur- 


rent 
drawn 
from 
the trigger 
source is typically 


20J1A at threshold. 
rising to 600J1A at 30V, then 
leveling offdueto 
FET action of the series resistor, 
R5. For negative input 
trigger voltages, the only 
current 
drawn 
is leakage in the nA region. The 
trigger 
can 
be driven 
from 
supplies 
as high as 


±40V, 
even 
when device supply 
voltage is only 
5V. 


The 
RIG 
pin is tied to the non-inverting 
side of 
the comparator 
and to the collector 
of 01. Timing 


ends when 
the voltage on this pin reaches 2.0V 
(1 
RC time 
constant 
referenced 
to 
the 
3.15V 
regulator). 
01 turns on only if the trigger voltage 
has dropped 
below 
threshold. 
In comparator 
or 


regulator 
applications 
of 
the 
timer, 
the 
trigger 
is held 
permanently 
high 
and the 
R/C 
pin 
acts 
just 
like 
the 
input 
to 
an ordinary 
comparator. 
The maximum 
voltages which 
can be applied 
to 
this pin are +5.5V and -0.7V. 
Current from 
the 
RIG 
pin is typically 
300 pA when the voltage is 
negative with 
respect to the V ADJ terminal. 
For 
higher voltages, the current drops to leakage levels. 
In the 
boosted 
mode, 
input 
current 
is typically 
30 
nA. 
Gain 
of 
the 
comparator 
is very 
high, 
200,000 
or more, depending 
on the state of the 
logic 
reverse pin and the connection 
of the out- 
put transistor. 


The ground pin of the LM122 need not necessarily 
be tied to system ground. 
It can be connected to 


any 
positive 
or 
negative voltage 
as long as the 
supply is negative with respect to the V+ terminal. 
Level shifting 
may 
be necessary for 
the 
input 
trigger 
if the trigger voltage 
is referred to system 
ground. 
This can be done by capacitive coupling 


or by actual resistive or active level shifting. 
One 
point 
must be kept 
in mind; 
the em itter 
output 
must not be held above the ground terminal 
with 


a low 
source impedance. 
This 
could 
occur, 
for 
instance, if the emitter 
were grounded 
when the 
ground 
pin of the 
LM122 
was tied to a negative 
supply. 


The terminal 
labeled V ADJ 
is tied tOlone side of 
the comparator 
and to a voltage divider between 
VREF 
and ground. 
The divider 
voltage is set at 
63.2% of 
VREF 
with 
respect to ground-exactly 
one 
RC time 
constant. 
The 
impedance 
of 
the 
divider 
is increased to 
about 
30k 
with 
a series 


resistor to 
present a minimum 
load on external 


signals tied 
to 
V ADJ. 
This 
resistor 
is a pinched 
type 
with 
a typical 
variation 
in nominal value of 


-50%, 
+100%. and 
a TC 
of 0.7%tC. 
For this 
reason, external 
signals (typically 
a pot between 
VREF 
and 
ground) 
connected 
to 
V ADJ 
should 
have a source resistance as low as possible. For 
small changes in V ADJ, 
up to 
several kn 
is all 


right, but for large variations, 
250n 
or lessshould 
be maintained. This can Qeaccomplished with a 1k 
pot, 
since 
the 
maximum 
impedance 
from 
the 
wiper is 250n. 
If a voltage is forced on V ADJ from 
a hard source, voltage should be limited 
to -0.5, 
and +5.0V, or current 
limited 
to ±1.0 mA. 
This 


includes capacitively 
coupled signals because even 
small values of capacitors contain 
enough energy 


to degrade the input stage if the capacitor is driven 
with a large, fast slewing signal. The V ADJ pin may 
be used to abort the timing 
cycle. Grounding 
this 


pin during 
the timing 
period 
causes the timer 
to 


react just as if the capacitor voltage had reached its 
normal 
RC trigger 
point; 
the capacitor 
discharges 


and the output 
charges state. An exception 
to th is 


occurs 
if 
the trigger 
pin 
is held 
high 
when 
the 


V ADJ, pin 
is grounded. 
In this 
case, the output 


changes state, but the capacitor does not discharge. 


If the trigger drops while V ADJ is being held low, 
discharge will 
occur 
immediately 
and the 
cycle 


will 
be over. If the trigger is still high when V ADJ 


is released, the output 
mayor 
may not change 


state, 
depending 
the 
voltage 
across the 
timing 


capacitor. 
For 
voltages 
below 
2.0V 
across the 


timing 
capacitor, 
the 
output 
will 
change state 


immediately, 
then once more as the voltage rises 


past 2.0V. 
For voltages above 2.0V, 
no change 


will 
occur 
in the output. 
This pin is not available 


on the LM2905/LM3905. 


In 
noisy 
environments 
or 
in 
comparator-type 


applications, 
a 
bypass capacitor 
on 
the 
VADJ 


terminal 
may 
be needed 
to 
eliminate 
spurious 


outputs 
because it is high impedance point. 
The 


size of the cap will depend on the frequency 
and 


energy content of the noise. A O.lJ1F will generally 
suffice 
for spike suppression, but several {.IF may 


be used if the timer is subjected to high level 60 Hz 
EM!. 


The 
emitter 
and 
the 
collector 
outputs 
of 
the 


timer 
can 
be 
treated 
just 
as if 
they 
were 
an 
ordinary 
transistor 
with 
40V 
minimum 
collector- 


emitter 
breakdown 
voltage. Normally, 
the emitter 
is tied to the ground 
pin and the signal is taken 


from 
the collector, 
or the collector 
is tied to V+ 
and the signal is taken from the emitter. 
Variations 


on 
these 
basic 
connections 
are 
possible. 
The 


collector 
can be tied to any positive voltage up to 


40V 
when 
the signal is taken from 
the emitter. 
However, 
the emitter 
will 
not 
be pulled 
higher 


than the supply voltage on the V+ pin. Connecting 
the collector 
to a voltage less than the V+ voltage 


is allowed 
The emitter 
should not be connected 


to a low impedance load other than thm to which 
the ground 
pin is tied. The transistor 
has built-in 
current 
limiting 
with 
a typical 
knee current 
of 


120 
mA. 
Temporary 
short 
circuits 
are allowed; 


even with 
collector-emitter 
voltages up to 40V. 


The 
power 
x time 
product, 
however, 
must 
not 


exceed 15 watt-seconds for power levels above the 
maximum 
rating of the package. A short to 30V, 
for 
instance, can not 
be held for 
more than 
4 


seconds. These levels are based on 40°C maximum 
initial 
chip 
temperature. 
When driving 
inductive 


loads, always use a clamp 
diode 
to 
protect 
the 


transistor from inductive kick-back. 


A 
boost 
pin 
is 
provided 
on 
the 
LM 122 
to 


increase the 
speed of 
the 
internal 
comparator. 


The 
comparator 
is 
normally 
operated 
at 
low 


current 
levels for 
lowest 
possible 
input 
current. 


Pin Function Description (Continued) 


For timing periods less than 1 ms, where low input 
current 
is 
not 
needed, 
comparator 
operating 


current 
can be increased several orders of magni- 


tude. 
Shorting the boost terminal to V+ increases 


the 
emitter 
current 
of the vertical 
PNP drivers 


in the differential 
stage from 25 nA to 51J.A.This 


pin 
is not 
available 
on the 
LM2905/LM3905. 


With the 
timer 
in the 
unboosted 
state, 
timing 


periods are accurate 
down to about 1 ms. In the 


boosted mode, loss of accuracy due to comparator 
speed is only about 
800 ns, so timing periods of 


several 
microseconds 
can 
be used. 
The 800 ns 


error 
is relatively 
insensitive to temperature, 
so 


temperature 
coefficient of pulse width is still good. 


The Logic pin is used to reverse the signal appearing 
at 
the 
output 
transistor. 
An 
open 
or 
"high" 


condition 
on the 
logic pin programs the output 


transistor 
to be "off" 
during the timing 
period 


and 
"on" 
all other 
times. 
Grounding 
the 
logic 


pin reverses the sequence to make the transistor 
"on" 
during the timing period. Threshold for the 


logic pin is typically 
100 mV with 150IJ.Aflowing 


out 
of the 
terminal. 
If an active 
drive to the 


logic pin is desired, a saturated 
transistor 
drive is 


recommended, 
either with a discrete transistor 
or 


the 
open 
collector 
output 
of 
integrated 
logic. 
A maximum VSAT of 25 mV at 200IJ.Ais required. 
Minimum and maximum voltages that may appear 
on the 
logic pin are 0 and 
+5.0, 
respectively. 


Figure 
1 is a basic timer using the collector output. 
R, and C, set the time interval with RL as the load. 
During 
the 
timing 
interval 
the 
output 
may be 


~--' 
TRIGGHI 
I 


INPUT 


either high or low depending on the connection 
of 


the logic pin. Timing waveforms are shown in the 
sketch along side Figure 
1. Note that the trigger 


pulse may be either 
shorter 
or longer than 
the 


output 
pulse width. 


Figure 2 is again a basic timer, but with the output 
taken 
from the emitter 
of the output 
transistor. 


As with 
the 
collector 
output, 
either 
a high or 
low condition 
may be obtained 
during the timing 
period. 
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Simulating a Thermal Delay Relay 


Figure 
3 is an application 
where 
the 
LM122 is 
used 
to 
simulate 
a thermal 
delay 
relay 
which 


prevents 
power 
from 
being 
appl ied 
to 
other 
circuitry 
until 
the supply has been on for some 


time. The relay remains 
de-energized 
for 
R, C, 


seconds 
after 
Vcc 
is applied, 
then 
closes 
and 
stays energized until Vcc 
is turned 
off. Figure 
4 


isa similar circuit except that the relay is energized 


as soon as Vcc is applied. R, C, seconds later, the 
relay is de-energized 
and stays off until the Vcc 
supply is recycled. 


Figure 
5 shows 
the 
timer 
interfacing 
5V logic 
to 


a high 
voltage 
relay. 
Although 
the 
V+ 
terminal 


could 
be 
tied 
to 
the 
+28V 
supply, 
this 
may 
be 


an unnecessary 
waste 
of power 
in the 
IC or require 


extra 
wiring 
if 
the 
LM 122 
is 
on 
a 
logic 
card. 
In either 
case, 
the threshold 
for the trigger 
is 1.6V. 


Figure 
6 
indicates 
the 
ability 
of 
the 
timer 
to 
interface 
to 
digital 
logic 
when 
operating 
off 
a 
high 
supply 
voltage. 
VOUT 
swings 
between 
+5V 


and 
ground 
with 
a 
minimum 
fanout 
of 
5 
for 
medium 
speed 
TTL. 
If the 
logic 
is sensitive 
to 


rise/fall 
time 
of 
the 
trailing 
edge 
of 
the 
output 
pulse, 
the 
trigger 
pin 
should 
be low at that 
time. 


The 
LM 122 
can 
be 
made 
into 
a 
self-starting 


oscillator 
by 
feeding 
the 
output 
back 
to 
the 
trigger 
input 
through 
a capacitor 
as shown 
in Fig- 


ure 
7. 
Operating 
frequency 
is 
l/(Rt 
+ 
R, HCt). 
The 
output 
is a narrow 
negative 
pulse 
whose 
width 
is approximately 
2R2 
Cf' 
For 
optimum 
frequency 


stability, 
Cf 
should 
be 
as small 
as possible. 
The 
minimum 
value 
is determined 
by the time 
required 


to 
discharge 
C. 
through 
the 
internal 
discharge 


transistor. 
A 
conservative 
value 
for 
Cf 
can 
be 


chosen 
from 
the 
graph 
included 
with 
Figure 
20. 


For 
frequencies 
below 
1 kHz, 
the 
frequency 
error 


introduced 
by Cf is a few tenths 
of one percent 
or 


less for 
Rt 2 500k. 


I 
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Figure 
8 
shows 
the 
LM 122 
connected 
as a one 


hour 
timer 
with 
manual 
controls 
for 
start, 
reset, 


and 
cycle 
end. 
51 starts 
timing, 
but 
has 
no effect 


after 
timing 
has 
started. 
52 is a center 
off 
switch 


which 
can 
either 
end 
the 
cycle 
prematurely 
with 


the 
appropriate 
change 
in 
output 
state 
and 
dis- 


charging 
of 
Ct, 
or 
cause 
C. 
to 
be 
reset 
to 
OV 


without 
a change 
in output. 
In the 
latter 
case, 
a 


new 
timing 
period 
starts 
as soon 
as 52 
is released. 
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The 
average 
charging 
current 
through 
Rt is about 


30 
nA, 
so some 
attention 
must 
be 
paid 
to 
parts 


layout 
to 
prevent 
stray 
leakage 
paths. 
The 
sug- 


gested 
timing 
capacitor 
has 
a 
typical 
self 
time 


constant 
of 300 
hours 
and 
a guaranteed 
minimum 


of 
25 hours 
at +25°C. 
Other 
capacitor 
types 
may 


be 
used 
if 
sufficient 
data 
is 
available 
on 
their 


leakage 
characteristics. 


Typical Applications 
(Continued) 


Two Terminal 
Time 
Delay 
Switch 


The 
LM 122 
can 
be 
used 
as a two 
terminal 
time 


delay 
switch 
if an 
"on" 
voltage 
drop 
of 2V to 3V 


can 
be 
tolerated. 
In 
Figure 
9, 
the 
timer 
is used 


to drive 
a relay 
"on" 
Rt 
• Ct seconds 
after 
applica- 
tion 
of 
power. 
"off" 
current 
of 
the 
switch 
is 


4 mA 
maximum, 
and 
"on" 
current 
can 
be as high 


as 50 mA. 
•• 


In 
some 
applications 
it 
is 
desirable 
to 
reduce 
supply 
current 
drain 
to zero between 
timing 
cycles. 
In 
Figure 
10 This 
is accomplished 
by 
using 
an 


external 
PNP 
as 
a 
latch 
to 
drive 
the 
V+ 
pin 
of 


the timer. 


CI 
0-01 


TAIGG(A~ 


IN'UTI 


FIGURE 
10. Zero Power Dissipation 
Between Timing 
Intervals 


Between 
timing 
periods 
Q1 
is off 
and 
no supply 
current 
is 
drawn. 
When 
a 
trigger 
pulse 
of 
5V 


minimum 
amplitude 
is received, 
the 
LM 122 output 


transistor 
and 
Ql 
latch 
for 
the 
duration 
of 
the 


timing 
period. 
01 
prevents 
the 
step on the 
V+ pin 


from 
coupling 
back 
into 
the 
trigger 
pin. 
If the 


trigger 
input 
is a short 
pulse, 
C1 and 
R2 may 
be 


eliminated. 
R L 
must 
have 
a minimum 
value 
of 


(Vccl/(2.5 
mAl. 


Frequency 
to Voltage 
Converter 


An 
accurate 
frequency 
to 
voltage 
converter 
can 


be 
made 
with 
the 
LM 122 
by 
averaging 
output 


pulses 
with 
a simple 
one 
pole 
filter 
as shown 
in 


Figure 
11. 
Pulse 
width 
is 
adjusted 
with 
R 2 
to 
provide 
initial 
calibration 
at 10 kHz. 
The 
collector 


of 
the 
output 
transistor 
is tied 
to 
V REF, 
giving 


constant 
amplitude 
pulses 
equal 
to 
V REF 
at 
the 
emitter 
output. 
R4 
and 
C1 
filter 
the 
pulses 
to 


give 
a 
dc 
output 
equal 
to, 
(RtI(Ct)(VREF)(f). 


Linearity 
is about 
0.2% 
for 
a OV to 
1V output. 
If better 
linearity 
is desired 
R5 can 
be tied 
to the 
summing 
node 
of 
an 
op 
amp 
which 
has 
the 


filter 
in 
the 
feedback 
path. 
If 
a 
low 
output 


impedance 
is desired, 
a unity 
gain 
buffer 
such 
as 


the 
LM110 
can 
be 
tied 
to the 
output. 
An 
analog 


meter 
can 
be driven 
directly 
by placing 
it in series 


with 
R5 to ground. 
A series 
RC network 
across 
the 


meter 
to provide 
damping 
will improve 
response 
at 
very 
low frequencies. 


FIGURE 
11. Frequency to Voltage Converter. 
(Tacho- 


meter) Output Independent of Supply 
Voltage 


Pulse Width 
Detector 


By driving 
the 
logic 
terminal 
of the 
LM 122 simul- 


taneous 
to 
the 
trigger 
input, 
a simple, 
accurate 


pulse 
width 
detector 
can 
be 
made 
(Figure 
12). 


FIGURE 
12. Pulse Width 
Detector 


In this 
application 
the 
logic 
terminal 
is normally 


held 
high 
by R3. 
When 
a trigger 
pulse 
is received, 


Q1 
is 
turned 
on, 
driving 
the 
logic 
terminal 
to 


ground. 
The 
result 
of 
triggering 
the 
timer 
and 
reversing 
the 
logic 
at 
the 
same 
time 
is that 
the 


output 
does 
not 
change 
from 
its initial 
low condi- 


tion. 
The 
only 
time 
the 
output 
will change 
states 
is when 
the 
trigger 
input 
stays 
high 
longer 
than 
one 
time 
period 
set 
by 
Rt 
and 
Ct. 
The 
output 
pulse 
width 
is equal 
to 
the 
input 
trigger 
width 
minus 
Rt 
• Ct. 
C2 
insures 
no 
output 
pulse 
for 
short 
« 
RC) trigger 
pulses 
by prematurely 
resetting 
the 
timing 
capacitor 
when 
the 
trigger 
pulse 
drops. 


CL filters 
the 
narrow 
spikes 
which 
would 
occur 
at 
the 
output 
due 
to 
propagation 
delays 
during 
switching. 


5V Switching 
Regulator 


Figure 
13 
is 
an 
application 
where 
the 
LM122 


does 
not 
use 
its 
timing 
function. 
A 
switching 


regulator 
is made 
using 
the 
internal 
reference 
and 


comparator 
to 
drive 
a 
PNP 
transistor 
switch. 


Features 
of 
this 
circuit 
include 
a 5.5V 
minimum 


input 
voltage 
at 
1A 
output 
current, 
low 
part 


count, 
and 
good 
efficiency 
(> 75%) 
for 
input 


voltages 
to 
10V. 
Line 
and 
load 
regulation 
are 
less 
than 
0.5% 
and 
output 
ripple 
at 
the 
switching 


frequency 
is only 
30 
mV. 
01 
is an 
inexpensive 
plastic 
device 
which 
does 
not 
need 
a heatsink 
for 


ambient 
temperature 
up to 
50°C. 
01 
should 
be a 
fast switching 
diode. 
Output 
voltage 
can be adjusted 


between 
1V and 
30V 
by 
choosing 
proper 
values 
for 
R2, 
R3, 
R4, 
and 
R5. 
For 
outputs 
less than 


2V, 
a 
divider 
with 
250n 
Thevinin 
resistance 
must 
be connected 
between 
VREF 
and ground 
with 


its tap 
point 
tied 
to 
V ADJ. 
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Aborting 
a Timing 
Cycle 


The 
LM 122 
does 
not 
have 
an 
input 
specifically 
allocated 
to 
a 
stop-timing 
function. 
If 
such 
a 
function 
is 
desired, 
it 
may 
be 
accomplished 
several 
ways: 


• 
Ground 
V ADJ 
• 
Raise 
R/C 
more 
positive 
than 
V ADJ 


• 
Wire 
"OR" 
the 
output 


Grounding 
V ADJ 
will 
end 
the 
timing 
cycle 
just 
as 
if the 
timing 
capacitor 
had 
reached 
its normal 


discharge 
point. 
A new timing 
cycle 
can be started 


by 
the 
trigger 
terminal 
as soon 
as the 
ground 
is 


released. 
A 
switching 
transistor 
is best 
for 
driving 


V ADJ 
to 
as 
near 
ground 
as possible. 
Worst 
case 
sink 
current 
is about 
3001lA. 


A timing 
cycle 
may 
also 
be 
ended 
by 
a positive 
pulse 
to 
a resistor 
(R 
~ 
R,/l00) 
in series 
with 


the 
timing 
capacitor. 
The 
pulse 
amplitude 
must 
be 
at 
least 
equal 
to 
V ADJ 
(2.0V), 
but 
should 
not 


exceed 
5.0V. 
When 
the timing 
capacitor 
discharges, 


a negative 
spike 
of up to 2.0V 
will occur 
across 
the 


resistor, 
so some 
caution 
must 
be used 
if the drive 


pulse 
is used 
for other 
circuitry. 


> 
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The 
output 
of 
the 
timer 
can 
be wire 
ORed 
with 
a 
discrete 
transistor 
or 
an 
open 
collector 
logic 


gate 
output. 
This 
allows 
overriding 
of 
the 
timer 
output, 
but 
does 
not 
cause 
the 
timer 
to 
be reset 


until 
its normal 
cycle 
time 
has elapsed. 


A built-in 
reference 
and 
zero 
volt 
common 
mode 


limit make 
the 
LM 122 very 
useful 
as a comparator. 


Threshold 
may 
be 
adjusted 
from 
zero 
to 
three 
volts 
by driving 
the 
V ADJ 
terminal 
with 
a divider 
tied 
to 
V REF. 
Stability 
of 
the 
reference 
voltage 


is 
typically 
±1% 
over 
a 
temperature 
range 
of 


-55°C 
to 
+125°C. 
Offset 
voltage 
drift 
in 
the 
comparator 
is typically 
251lVtC 
in the 
boosted 


mode 
and 
50llV tc 
un boosted. 
A resistor 
can 
be 


inserted 
in series 
with 
the 
input 
to allow 
overdrives 


up to ±50V 
as shown 
in Figure 15. There 
is actually 


no 
limit 
on 
input 
voltage 
as 
long 
as 
current 
is 


limited 
to ±1 mA. 
The 
resistor 
shown 
contributes 


a 
worst 
case 
of 
5 mV 
to 
initial 
offset. 
In 
the 


unboosted 
mode, 
the 
error 
drops 
to 
0.25 
mV 


maximum. 
The 
capability 
of operating 
off a single 


5V 
supply 
with 
internal 
reference 
should 
make 


this comparator 
very 
useful. 


Eliminating 
Timing 
Cycle 
Upon 
Initial 
Application 
of 
Power 


The 
LM 122 
will 
normally 
start 
a timing 
cycle 


(with 
no trigger 
input) 
when 
V+ is first 
turned 
on. 
If 
this 
characteristic 
is 
undesirable, 
it 
can 
be 


defeated 
by 
tying 
the 
timing 
capacitor 
to 
VREF 
instead 
of 
ground 
as shown 
in 
Figure 
16. 
This 


connection 
does 
not 
affect 
operation 
of the timer 


in any 
other 
way. 
If an electrolytic 
timing 
capaci- 


tor 
is used, 
be sure 
the 
negative 
·end 
is tied 
to the 
R/C pin 
and 
the 
positive 
end 
to 
V REF. 
A 1.a kQ 


resistor 
should 
be 
included 
in 
series 
with 
the 


timing 
capacitor 
to 
limit 
the 
surge 
current 
load 


on VREF 
when 
the capacitor 
is discharged. 


The 
LM122 
can 
be operated 
off 
dual 
supplies 
as 
shown 
in Figure 
17. The only 
limitation 
is that 
the 


emitter 
terminal 
cannot 
be tied 
to ground, 
it must 


either 
drive a load 
referred 
to V- 
or be actually 
tied 


to 
V""" 
as shown. 
Although 
capacitive 
coupling 
is 


shown 
for the trigger 
input 
(to allow 
5V triggering), 


a resistor 
can 
be substituted 
for 
C1. 
R2 must 
be 


chosen 
to 
give 
proper 
level 
shifting 
between 
the 
trigger 
signal 
and 
the 
trigger 
pin 
of 
the 
timer. 


Worst 
case 
"10" 
on 
the 
trigger 
pin 
(with 
respect 


to 
V""") 
is a.av, 
and 
worst 
case 
"high" 
is 2.5V. 
R2 
may 
be calculated 
from 
the 
divider 
equation 


with 
R 1 to give these 
levels. 
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In some 
applications 
(such 
as a linear 
pulse 
width 
modulator) 
it may 
be desirable 
to have the timing 
capacitor 
charge 
from 
a constant 
current 
source. 


A 
simple 
way 
to 
accomplish 
this 
is 
shown 
in 
Figure 
18. 


FIGURE 
18. Temperature 
Compensated 
Linear 
Charging Sweep 


Q1 
converts 
the 
current 
through 
R 1 to a current 
source 
independent 
of 
the 
voltage 
across 
Ct. 
R2, 
R3, 
D1, 
and 
D2 
are 
added 
to 
make 
the 
current 
through 
R1 
independent 
of 
supply 
variations 


and 
temperature 
changes. 
(D2 
is a low 
TC 
type) 
D2 and R3 can be omitted 
if the 
V+ supply 
is stable 


and 
D 1 and 
R2 can be omitted 
also if temperature 


stability 
if not 
critical. 
With 
D1, 
D2, 
R2 and 
R3 
omitted, 
the current 
through 
R1 will change 
about 
a.a15%fc 
with 
a 15V supply 
and a.1%/oCwith 
a 
5.aV 
supply. 


Triggering 
with 
Negative 
Edge 


Although 
the 
LM 122 
is triggered 
by 
a positive 


going 
trigger 
signal, 
a 
differentiator 
tied 
to 
a 


normally 
"high" 
trigger 
will 
result 
in 
negative 


edge 
triggering. 
In 
Figure 
19, R1 
serves 
the 
dual 
purpose 
of 
holding 
the 
trigger 
pin 
normally 
high 
and 
differentiating 
the 
input 
trigger 
pulse 
coupled 


through 
C1. 
The 
timing 
diagram 
included 
with 
Figure 
21 
shows 
that 
triggering 
actually 
occurs 
a 


short 
time 
after 
the 
negative 
going 
trigger, 
while 


positive 
going 
triggers 
have 
no 
effect. 
The 
delay 


time 
between 
a negative 
trigger 
signal 
and 
actual 


C1 


G.OOI 


TRIGGER-j 
INPUT 


~ 


,, 


ur 
.00UI 
Lot) 10 
I.OIlS 
WIth 
the 
values 
shown. 


This 
time 
will 
have 
to 
be 
increased 
for 
C, larger 
than 
O.OlIlF 
because 
C, 
is 
charged 
to 
V REF 
whenever 
the 
trigger 
pin 
is kept 
high 
and 
must 
reset 
itself 
during 
the 
short 
time 
that 
the 
trigger 
pin voltage 
is low. 
A conservative 
value 
for 
Cl 
is: 


I ne 
LlVI I LL 
can 
oe 
connected 
as a 
chain 
of 
timers 
quite 
easily 
with 
no 
interface 
required. 
In 
Figure 20A and 208, two 
possible 
connections 
are 
shown. 
In both 
cases, the output 
of the 
timer 
is low 
during 
the 
timing 
period 
so 
that 
the 
positive 
going 
signal 
at the end of timing 
period 
can trigger 
the 
next 
timer. 
There 
is 
no 
limitation 
on 
the 
timing 
period 
of 
one 
timer 
with 
respect 
to 
any 
other 
timer 
before 
or after 
it, because 
the 
trigger 
input 
to 
any 
timer 
can 
be high 
or low when 
that 


timer 
ends 
its timing 
period. 
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~National 
~ 
Semiconductor 


LM134/LM234/LM334 
3·Terminal Adjustable Current Sources 


General 
Description 


The 
LM134/LM234/LM334 
are 
3-terminal 
adjustable 
current 
sources 
featuring 
10,000:1 
range 
in operating 
current, 
excellent 
current 
regulation 
and a wide dynamic 
voltage 
range 
of 
1V to 40V. 
Current 
is established 
with 


one 
external 
resistor 
and 
no 
other 
parts 
are 
required. 
Initial 
current 
accuracy 
is ±3%. 
The 
LM134/LM234/ 


LM334 
are true 
floating 
current 
sources 
with 
no separate 
power 
supply 
connections. 
In addition, 
reverse 
applied 


voltages 
of up to 20V will draw 
only 
a few microamperes 
of current, 
allowing 
the 
devices 
to act as both 
a rectifier 


and current 
source 
in AC applications. 


The 
sense 
voltage 
used 
to establish 
operating 
current 
in 


the 
LM134 
is 64 
mV 
at 
25°C 
and 
is directly 
propor- 
tional 
to 
absolute 
temperature 
CK). 
The 
simplest 
one 
external 
resistor 
connection, 
then, 
generates 
a current 


with 
""+0.33%tC 
temperature 
dependence. 
Zero 
drift 


operation 
can 
be 
obtained 
by adding 
one 
extra 
resistor 


and a diode. 


Applications 
for 
the 
new 
current 
sources 
include 
bias 
networks, 
surge 
protection, 
low 
power 
reference, 
ramp 


generation 
LED 
driver, 
and 
temperature 
sensing 
The 


LM 134·3/LM234-3 
and 
LM 134-6/LM234-6 
are specified 
as 
true 
temperature 
sensors 
with 
guaranteed 
initial 


accuracy 
of ±3°C 
and 
±6°C, 
respectively. 
These 
devices 
are 
ideal 
in 
remote 
sense 
applications 
because 
series 


resistance 
in 
long 
wire 
runs 
does 
not 
affect 
accuracy. 


In addition, 
only 
2 wires 
are required. 


The 
LM 134 
is guaranteed 
over 
a temperature 
range 
of 


-55°C 
to 
+125°C, 
the 
LM234 
from 
-25°C 
to +100°C 
and 
the 
LM334 
from 
O°C to 
+70°C. 
These 
devices 
are 
available 
in TO-46 
hermetic 
and TO-92 
plastic 
packages. 


Features 


• 
Operates 
from 
1V to 40V 


• 
0.02%/V 
current 
regulation 


• 
Programmable 
from 
1 pA to 10 mA 


• 
True 
2-terminal 
operation 


• 
Available 
as fully 
specified 
temperature 
sensor 


• 
±3% initial 
accuracy 


Basic 2·Terminal 
Cllrrent 
Source 


+VIN 


Terminating 
Remote Sensor for Voltage Output 


+VIN 


-VIN 


*Select ratio of R1 to RSET to obtain zero drift. 
1+ :::::2 ISET 


Ground Referred Fahrenheit 
Thermometer 


A4 
56k 


A2 
R3* 


100 
lMJJ6Z 


1% 
2.5V* 


*Select R3 = VREF/583 
p.A. VREF 
may be any stable positive voltage ~ 2V 


Trim R3 to calibrate 


Absolute Maximum Ratings 


v+ to V- 
Forward Voltage 


LM134/LM234 
40V 


LM334/LM 
134·3/LM 134-6/LM234-3/LM234·6 
30V 
V+ to V-Reverse 
Voltage 
20V 


R Pin to V- 
Voltage 
5V 


Set Current 
10mA 


Power Dissipation 
200 mW 


Operating Temperature 
Range 


LM 134/LM 134·3/LM 134·6 
-55°C 
to +125°C 


LM234/ LM 234·3/LM234·6 
-25°C 
to +100°C 


LM334 
O°C to +70°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
(Note 1) 


PARAMETER 
CONDITIONS 
LM134/LM234 
LM334 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Set Current 
Error, V+ = 2.5V, 
lOJ.lA~ 
'SET ~ 1 mA 
3 
6 
% 


(Note 2) 
1 mA < ISET ~ 5 mA 
5 
8 
% 


2J.lA~ISET<10J.lA 
8 
12 
% 


Ratio of Set Current to 
10J.lA~ 
ISET~ 
1 mA 
14 
18 
23 
14 
18 
26 
V- 
Current 
1 mA ~ ISET ~ 5 mA 
14 
14 


2J.lA~ 
ISET~ 
10J.lA 
18 
23 
14 
18 
26 


Minimum 
Operating Voltage 
2J.lA~ 
ISET~ 
100J.lA 
0.8 
0.8 
V 


100J.lA< 
ISET~ 
1 mA 
0.9 
0.9 
V 


1 mA < ISET ~ 5 mA 
1.0 
1.0 
V 


Average Change in Set Current 
1.5~V+ 
~5V 
0.02 
0.05 
0.02 
0.1 
%/V 


with 
Input Voltage 
2 J.lA~ ISET ~ 1 mA 
5V~V+ 
~40V 
0.01 
0.03 
0.01 
0.05 
%/V 


1.5V SV 
~ 5V 
0.03 
0.03 
%/V 


1 mA < ISET ~ 5 mA 


5V ~ V ~ 40V 
0.02 
0.02 
%/V 


Temperature 
Dependence of 
25J.lA~ 
ISET~ 
1 mA 
0.96T 
T 
1.04T 
0.96T 
T 
1.04T 


Set Current 
(Note 3) 


Effective Shunt Capacitance 
15 
15 
pF 


Note 
1: 
Unless 
otherwise 
specified, 
tests are performed 
at Tj = 2SoC 
with 
pulse testing 
so that junction 
temperature 
does not change 
during test. 


Note 2: 
Set current is the current flowing into the V+ pin. It is determined by the following formula: 
'SET = 67.7 mV/RSET 
(@ 2G'CI. 
Set 


current 
error is expressed as a percent deviation 
from 
this amount. 
ISET 
increases at O.336%rC@Tj 
= 25°C. 


Note 
3: 
'SET 
is directly 
proportional 
to absolute 
temperature 
(0 K). 
'SET at any temperature 
can be calculated 
from: 
ISET 
= 10 (TIT 0) where 
10 
is 'SET 
measured 
at To 
(OK). 


I'""" 


Electrical 
Characteristics 
(Continued) 
(Note 
1) 
s: 
...&. 


PARAMETER 
CONDITIONS 
LM134-3, 
LM234-3 
LM134-6, 
LM234-6 


UNITS 
W 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
e 


Set Current 
Error, 
V+ = 2.5V, 
lOOIlA 
~ ISET ~ 1 mA 
±1 
±2 
% 
I'""" 


(Note 
2) 
Tj = 25°C 
s: 
I\) 
Equivalent 
Temperature 
Error 
±3 
±6 
°c 
W 


Ratio of Set Current 
to V- 
100IlA~ISET~1 
mA 
14 
18 
26 
14 
18 
26 
e 
I'""" 


Current 
s: 


Minimum 
Operating 
Voltage 
100llA 
ISET~ 
1 mA 
0.9 
0.9 
V 
W 


1.5 ~ V+ ~ 5V 
W 
Average Change in Set Current 
0.02 
0.05 
0.02 
0.1 
%/V 
oI::lo 


with 
Input 
Voltage 
100IlA~ISET~1 
mA 


5V~V+ 
~ 30V 
0.01 
0.03 
0.01 
0.05 
%/V 


Temperature 
Dependence 
of 
1001lA~ 
ISET~ 
1 mA 
0.98T 
T 
1.02T 
0.97T 
T 
1.03T 


Set Current 
(Note 
3) and 


Equivalent 
Slope Error 
±2 
±3 
% 


Effective 
Shunt 
Capacitance 
15 
15 
pF 


Typical Performance 
Characteristics 


Maximum Slew Rate for 


Output 
Impedance 
Linear 
Operation 
Start·Up 


109 
10 


-~1"'10"A 
10"A 
1 
1 


I\" - 
-200", 
II' 
l 


0 


NJI 
1.0 
1 
I 
§ 108 
~ 
1 
I 
u 
•... 
100"A 
\" - 
_50", 
z 
•... 


~ 
-f- 
11"ljoo~ 
;,l 
0.1 
~ 
0 


1 
! 
101 
T 
~ 
1 
lmA 
l:lmA 
0.01 
J - 
-5", 


--..;: 
0 


1 
1 
5V 
INPUT 
106 
0.001 
ov 
10 
100 
1k 
10k 
1"A 
10"A 
100"A 
lmA 
10mA 


FREQUENCY 
(Hz) 
ISET 
TIME (Note scale changes.teach 
currentleveH 


Transient 
Response 
Voltage 
Across 
RSET 
Current 
Noise 


1 
I 
1 


86 
10k 
• 


1 
- 
f--2,. 
82 


0 
~ 
ISET" lmA 
18 
V 
V+TO 
V-: 
5V 
14 
1/ 


~ 


1k 
-1 
6V = O.4V 
/ 
f-ISET 
= SmA 


g 
5 
" 
tr~ ~ 500ns 
10 
! 
f-iSET'" lmA 
•... 
0 
66 
•... 
100 
f 
-f'" 


ISET:l00~ 
z 


-5 
62 
= 
I-ISET"'00"A 
'I' 
I 
1 
/ 
= 
10 
58 
= 
I. 
1\ 
1 
I 
1 
/ 
u 


0 
54 
10 
I=ISET"'0"A 


-10 
~ 
ISET:l0~ 
/ 


1 
1 
1 
50 
50",_ 
I- 
46 
1 


-50 -25 
0 
25 
50 15 100 125 
10 
100 
1k 
10k 
lOOk 


TIME (Note scale changes for each current) 
TEMPERATURE 
re) 
FREQUENCY 
(Hz) 


Tj: 
25°C 
.;- 
"ser'4n 


"SET"68n- 


T 
"SET'680n- 
t 


RSH" 
6.8.Q - 


/I 
'..• 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 


V+TOY-YOlTAGE 


The 
LM134 
has 
been 
designed 
for 
ease 
of application, 
but 
a general 
discussion 
of 
design 
features 
is presented 
here 
to 
familiarize 
the 
designer 
with 
device 
characteris· 
tics 
which 
may 
not 
be 
immediately 
obvious. 
These 
include 
the 
effects 
of slewing, 
power 
dissipation, 
capa- 
citance, 
noise, 
and contact 
resistance. 


At 
slew 
rates 
above 
a given 
threshold 
(see 
curve), 
the 
LM134 
may 
exhibit 
non·linear 
current 
shifts. 
The 
slew- 
ing 
rate 
at which 
this 
occurs 
is directly 
proportional 
to 
ISET. 
At 
ISET 
= 10pA, 
maximum 
dV/dt 
is O.OlV/ps; 
at 
'SET 
= 1 mA, 
the 
limit 
is lV/ps. 
Slew 
rates 
above 
the 
limit 
do not 
harm 
the 
LM134, 
or cause 
large currents 
to flow. 


Internal 
heating 
can 
have 
a significant 
effect 
on current 
regulation 
for 
ISET 
greater 
than 
100 pA. 
For 
example, 


each 
lV 
increase 
across 
the 
LM134 
at ISET= 
1 mAwil1 


increase 
junction 
temperature 
by 
"" O.4°C 
in still 
air. 


Output 
current 
(ISET) 
has a temperature 
coefficient 
of 


"" 0.33%fC, 
so the change 
in current 
due to temperature 


rise will 
be (0.4)(0.33) 
= 0.132%. 
This 
is a 10: 1 degrada- 


tion 
in 
regulation 
compared 
to 
true 
electrical 
effects. 


Thermal 
effects, 
therefore, 
must 
be taken 
into 
account 


when 
DC regulation 
is critical 
and 
ISET exceeds 
100 pA. 


Heat 
sinking 
of 
the 
TO·46 
package 
or the 
TO·92 
leads 


can reduce 
this effect 
by more 
than 
3:1. 


In certain 
applications, 
the 
15 pF 
shunt 
capacitance 
of 


the 
LM134 
may 
have 
to 
be reduced, 
either 
because 
of 
loading 
problems 
or 
because 
it 
limits 
the 
AC 
output 


impedance 
of 
the 
current 
source. 
This 
can 
be 
easily 


accomplished 
by 
buffering 
the 
LM 134 
with 
an FET 
as 


shown 
in the 
applications. 
This 
can 
reduce 
capacitance 


to 
less than 
3 pF and 
improve 
regulation 
by at least 
an 


order 
of magnitude. 
DC characteristics 
(with 
the 
excep- 


tion 
of 
minimum 
input 
voltage!. 
are 
not 
affected. 


Current 
noise 
generated 
by the 
LM134 
is approximately 
4 times 
the 
shot 
noise 
of 
a transistor. 
If the 
LM134 
is 


used 
as an 
active 
load 
for 
a transistor 
amplifier, 
input 


./ 
'\. 


referred 
noise 
will be increased 
by about 
12 dB. In many 
cases, 
this 
is acceptable 
and 
a single 
stage 
amplifier 
can 
be built 
with 
a voltage 
gain exceeding 
2000. 


The 
sense 
voltage 
which 
determines 
operating 
current 
of 
the 
LM134 
is less than 
100 
mV. 
At this 
level, 
thermo- 


couple 
or 
lead 
resistance 
effects 
should 
be minimized 


by 
locating 
the 
current 
setting 
resistor 
physically 
close 


to 
the 
device. 
Sockets 
should 
be 
avoided 
if possible. 


It takes 
only 
0.7r1. 
contact 
resistance 
to 
reduce 
output 


current 
by 1% at the 
1 mA level. 


The 
LM 134 
makes 
an 
ideal 
remote 
temperature 
sensor 
because 
its 
current 
mode 
operation 
does 
not 
lose 


accuracy 
over 
long 
wire 
runs. 
Output 
current 
is directly 


proportional 
to absolute 
temperature 
in degrees 
Kelvin, 


according 
to the following 
formula: 


(227 pVfK)(TI 


RSET 


Calibration 
of the 
LM134 
is greatly 
simplified 
because 
of 


the 
fact 
that 
most 
of 
the 
initial 
inaccuracy 
is due 
to a 


gain 
term 
(slope 
error) 
and 
not 
an 
offset. 
This 
means 


that 
a calibration 
consisting 
of 
a gain 
adjustment 
only 


will trim 
both 
slope 
and 
zero 
at the 
same 
time. 
In addi- 


tion, 
gain 
adjustment 
is a one 
point 
trim 
because 
the 


output 
of 
the 
LM134 
extrapolates 
to 
zero 
at 
OOK, 


independent 
of RSET 
or any initial 
inaccuracy. 


This 
property 
of the 
LM134 
is illustrated 
in the accom· 


panying 
graph. 
Line 
abc 
is the 
sensor 
current 
before 


trimming. 
Line a'b'c' 
is the desired output. 
A gain trim 
done at T2 will 
move the output 
from 
b to b' and will 


simultaneously 
correct 
the 
slope 
so that 
the output 


at T1 and T3 will 
be correct. This gain trim can be done 
on RSET or on the load resistor used to terminate 
the 


LM134. 
Slope 
error 
after 
trim 
will 
normally 
be less 
than 
±1%. To 
maintain 
this accuracy, however, 
a low 


temperature 
coefficient 
resistor must be used for RSET. 


A 33 ppm/oC 
drift 
of 
RSET will 
give a 1% slope error 
because the 
resistor 
will 
normally 
see about 
the same 
temperature 
variations 
as the LM 134. Separating RSET 
from the LM 134 requires 3 wires and has lead resistance 
problems, 
so is not normally 
recommended. 
Metal film 
resistors 
with 
less than 
20 
ppm/oC 
drift 
are readily 
available. Wire wound 
resistors may also be used where 


best stability 
is required. 


VOUT = 10 mVfK 


ZOUT'; 
lOon 


*Output 
impedance of the LM134 
at the "R" 
pin is 


-Ron 
approximately 
---, 
where 
Ro is the equivalent 
16 


external 
resistance 
connected 
to the V- 
pin. This 


negative 
resistance 
can be reduced 
by a factor 
of 5 or 


more by inserting an equivalent 
resistor in series 


with the output. 


1.2V 
Reference Operates on 10 IlA and 2V 


+V1N ~ 2V 


01 
lM129 
lM136 
lM113 
ETC. 


1.2V 
Regulator with 1.8V Minimum 
Input 


VIN ~ 1.8V 


VOUT 
= 1.2V 


'OUT 
,,200 
"A 


lN457 


Alternate 
Trimming 
Technique 


+VIN 


-VIN 


*For 
±10% adjustment, 
select 
RSET 


10% high. and make R1 ~ 3 RSET 


Generating 
Negative 
Output 
Impedance 


+VIN 


-VIN 


*ZOUT 
~ -16' 
R1 (R11V1N must not exceed 'SET) 


*Use 
minimum 
value 
required 
to ensure 
stability 
of protected 


device. 
This minimizes 
inrush 
current 
to a direct 
short. 


T0-46 
Metal 
Can Package 
v+ 
{~3'- 


R (1) 


V- (3) 


V+ 
R 
v-8 


Order 
Number 
LM334Z, 
LM234Z·3 
or LM234Z·6 
See NS Package 
Z03A 
Order 
Number 
LM134H, 
LM134H·3, 
LM134H·6, 
LM234H, 
LM234H·3, 
LM234H·6 
or LM334H 
See NS Package 
H03H 


~National 
~ 
Semiconductor 


LM135/LM235/LM335, 
LM135A1LM235A1LM335A 


Precision Temperature Sensors 


General 
Description 


The 
LM135 
series 
are 
precision, 
easily-calibrated, 
inte- 
grated 
circuit 
temperature 
sensors. 
Operating 
as 
a 
2-terminal 
zener, 
the 
LM135 
has 
a breakdown 
voltage 
directly 
proportional 
to absolute 
temperature 
at +10 mV/ 


oK. 
With 
less than 
1Sl dynamic 
impedance 
the 
device 
operates 
over 
a current 
range 
of 400 
/lA to 
5 mA with 
virtually 
no 
change 
in 
performance. 
When 
calibrated 
at 
25°C 
the 
LM135 
has 
typically 
less than 
1°C 
error 
over 
a 
100°C 
temperature 
range. 
Unlike 
other 
sensors 
the 
LM135 
has a linear 
output. 


Applications 
for 
the 
LM135 
include 
almost 
any 
type 
of 
temperature 
sensing 
over 
a -55°C 
to 
+150°C 
temper- 
ature 
range. 
The 
low 
impedance 
and 
linear 
output 
make 
interfacing 
to 
readout 
or 
control 
circuitry 
espe- 


ciallyeasy. 


The 
LM135 
operates 
over 
a _55°C 
to +150°C 
temper- 
ature 
range 
while 
the 
LM235 
operates 
over 
a -40°C 


to 
+125°C 
temperature 
range. 
The 
LM335 
operates 
from 
-40°C 
to 
+100°C. 
The 
LM 135/LM235/LM335 
are 
available 
packaged 
in 
hermetic 
TO-46 
transistor 
packages 
while 
the 
LM335 
is also 
available 
in plastic 


TO-92 
packages. 


• 
Directly 
calibrated 
in °Kelvin 


• 
1°C initial 
accuracy 
available 


• 
Operates 
from 
400 /lA to 5 mA 


• 
Less than 
1Sl dynamic 
impedance 


• 
Easily 
calibrated 


• 
Wide operating 
temperature 
range 


• 
200° C overrange 


• 
Low cost 


F' 


OUTPUT 
10mVfl< 


lM335 


Absolute Maximum Ratings 


Reverse Current 
15mA 


Forward Current 
10mA 
Storage Temperature 


TO-46 Package 
-60°C 
to +180°C 


TO-92 Package 
-60°C 
to +150°C 


Specified Operating Temperature 
Range 


Continuous 
Intermittent 
(Note 2) 


LM135, 
LM135A 
-55°C 
to +150°C 
150°C to 200°C 


LM235, 
LM235A 
-40°C 
to +125°C 
125°C to 150°C 
LM335, 
LM335A 
_40°C to +1OO°C 
100°C to 125°C 


Lead Temperature 
(Soldering, 10 secondsl 
300°C 


Temperature 
Accuracy 
LM135/LM235, 
LM135A/LM235A 
(Note 1) 


LM135A/LM235A 
LM135/LM235 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Operating Output Voltage 
TC = 25°C, IR = 1 mA 
2.97 
2.98 
2.99 
2.95 
2.98 
3.01 
V 


Uncalibrated 
Temperature 
Error 
TC= 25°C, IR = 1 mA 
0.5 
1 
1 
3 
°c 


Uncalibrated 
Temperature 
Error 
TMIN < TC < TMAX, IR = 1 mA 
1.3 
2.7 
2 
5 
°c 


Temperature 
Error 
with 
25°C 
TMIN < TC < TMAX, IR = 1 mA 
0.3 
1 
0.5 
1.5 
°c 


Calibration 


Calibrated Error at Extended 
TC = TMAX (Intermittent) 
2 
2 
°c 


Temperatures 


Non-Linearity 
IR = 1 mA 
0.3 
0.5 
0.3 
1 
°c 


Temperature 
Accuracy 
LM335, 
LM335A 
(Note 1) 


PARAMETER 
CONDITIONS 
LM335A 
LM335 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Operating Output Voltage 
TC=25°C, 
IR = 1 mA 
2.95 
2.98 
3.01 
2.92 
2.98 
3.04 
V 


Uncalibrated 
Temperature 
Error 
TC=25°C,IR=lmA 
1 
3 
2 
6 
°c 


Uncalibrated 
Temperature 
Error 
TMIN < TC < TMAX, IR = 1 mA 
2 
5 
4 
9 
°c 


Temperature 
Error 
with 
2SoC 
TMIN < TC < TMAX, IR = 1 mA 
0.5 
1 
1 
2 
°c 


Calibration 


Calibrated Error at Extended 
TC = TMAX (Intermittentl 
2 
2 
°c 


Temperatures 


Non-Linearity 
IR = 1 mA 
0.3 
1.5 
0.3 
1.5 
°c 


Electrical Characteristics 
(Note 1) 


LM135/LM235 
LM335 


PARAMETER 
CONDITIONS 
LM135A/LM235A 
LM335A 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Operating Output Voltage 
400 J,lA< IR < 5 mA 
2.5 
10 
3 
14 
mV 


Change 
with 
Current 
At Constant Temperature 


Dynamic 
Impedance 
IR = 1 mA 
0.5 
0.6 
n 


Output Voltage Temperature 
+10 
+10 
mVfC 
Drift 


Time Constant 
Still Air 
80 
80 
see 


100 ft/Min Air 
10 
10 
see 


Stirred Oil 
1 
1 
see 


Time Stability 
TC= 125°C 
0.2 
0.2 
°C/khr 


Note 1: 
Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered. 


Note 
2: 
Continuous 
operation 
at these temperatures for 10,000 
hours for H package and 5,000 
hours for Z package may decrease life expect- 
ancy of the device. 


Typical Performance 
Characteristics 


Reverse Voltage Change 
Calibrated Error 
Reverse Characteristics 
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Thermal Resistance 
Thermal Response 
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to Air 
Thermal Time Constant 
in Still Air 
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Thermal Response in 
Stirred Oil Bath 
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calibrating 
the 
device 
for 
higher 
accuracies. 
A pot 
connected 
across the 
LM135 with the arm tied to the 
adjustment 
terminal 
allows a l-point 
calibration 
of the 
sensor that 
corrects 
for inaccuracy 
over the full tem- 
perature range. 


This single point calibration 
works because the output 
of the 
LM135 is proportional 
to absolute 
temperature 
with 
the 
extrapolated 
output 
of sensor going to OV 
output 
at OOK (-273.15°Cl. 
Errors in output 
voltage 


versus 
temperature 
are 
only 
slope 
(or scale factor) 
so a slope calibration 
at one temperature 
corrects 
at 


all temperatu res. 


The output 
of the device (calibrated 
or uncalibrated) 
can be expressed as: 


T 


VOUTT = VOUTT 
x- 
o 
To 


where T is the unknown 
temperature 
and To is a ref· 


erence 
temperature, 
both expressed 
in degrees Kelvin. 
By calibrating 
the 
output 
to 
read correctly 
at one 


... 
_ •..~ 
•....•• 
~•.•."..•" .•.... 
", •.. 
""ly 
lCllltJCICllUlt:' 
::.t:Il::'IIIY 
ueVlce, 


self heating 
can reduce accuracy. 
The 
LM135 should 
be operated 
at the lowest current 
suitable for the ap· 
plication. 
Sufficient 
current, 
of course, must be avail- 


able to drive both 
the sensor and the calibration 
pot 
at the maximum operating temperature. 


If the sensor is used in an ambient where the thermal 
resistance 
is constant, 
self heating 
errors can be cal- 


ibrated 
out. 
This is possible 
if the device is run with 
a temperature 
stable current. 
Heating will then be pro- 
portional 
to zener voltage and therefore 
temperature. 


This makes the self heating 
error 
proportional 
to ab- 
solute temperature 
the same as scale factor errors. 


Meltable 
inner 
core 
heat 
shrinkable 
tubing 
such 
as 


manufactured 
by Raychem can be used to make low- 


cost 
waterproof 
sensors. The 
LM335 is inserted 
into 
the 
tubing 
about 
1/2" 
from the .end and the tubing 


heated 
above the 
melting 
point 
of the core. The un- 


filled 1/2" end melts and provides a seal over the device. 


TMIN 
IOmVrK 


lM335 


Wire length for 1° C error due to wire drop 


IR~lmA 
IR=0.5mA 


FEET 
FEET 


4000 
8000 
2500 
5000 


AWG 


14 
16 


3200 
2000 
1250 
800 


lMJJS 


L~]'OURNS 


--- 
4258-0001 


• 


O.1#-,F 


~ 


Simple Temperature Control 


LMJ35 


1SV 


Ok 


Uk 


LM336 
,," 


.". 
.". 


.," 
10k 


4.5" 


l00pFr* Adjust 10:.73V 
at output 01 LM30B 
-15\/ 


* Adjust R2 for 2.554V across LM336. 


Adjust R1 for correct output. 


} 


OUTPUT 
1 mVrF 


*To 
calibrate adjust R2 for 2.554V 
across LM336. 
Adjust 
R1 for correct 
output. 


Typical Applications 
(Continued) 


THERMOCOUPLE 
COLD 
JUNCTION 
COMPENSATION 


4.1k 


200k 


RJ. 


lMJ29B 
R2 
"k 
1M,. 
'= 


'= 
Rl 
lMJJ5 
"k 


11.5k 


THERMOCOUPLE 


12k 


'= 


-15V 


THERMO· 
R3 
SEEBECK 


COUPLE 
COEFFICIENT 


J 
377n 
52.3 ~VrC 


T 
308n 
42.8 ~VrC 


K 
293n 
40.8 ~VrC 


S 
45.8n 
6.4 ~VrC 


Adjustments: 
Compensates 
for 
both 
sensor 
and 
resistor 
toler- 


ances 
1. Short LM3298 
2. 
Adjust 
Rl 
for 
Seebeck 
Coefficient 
times 
ambient 
temper- 


ature 
(in degrees 
Kl across 
R3 
3. Short LM335 
and adjust R2 for 
voltage across A3 corre- 


sponding to thermocouple 
type 


J 
14.32 mV 
K 
11.17 mV 


T 
11.79 mV 
S 
1.768 mV 


15V 


"k 


lOOk 


THERMOCOUPLE 


LM3J5 
Rl 
RJ 
"k 


'= 
'= 
15V 


200k 
OUTPUT 


R2 


1M 


LMJ29B 
"k 


'= 
'= 
•• 


'= 


*Select 
R3 and R4 for thermocouple 
type 


THERMO· 
COUPLE 


J 
T 
K 
S 


SEEBECK 
COEFFICIENT 


52.3 ~VrC 
42.8~VrC 
40.8~VrC 


6.4I'VrC 


l.05K 
856n 
816n 
128n 


385n 
315n 
300n 
46.3n 


Adjustments: 
1. 
Adjust 
Rl 
for 
the 
voltage across 
R3 equal to the 
Seebeck 


Coefficient 
times ambient 
temperature 
in degrees 
Kelvin. 


2. 
Adjust 
R2 for voltage 
across 
R4 corresponding 
to 
thermo- 


couple 


Terminate thermocouple reference junction 
in close proximity 


to LM335. 


Adjustments: 


1. Apply signal in place of thermocouple and adjust R3 for a 


gain of 245.7. 


2. Short 
non-inverting 
input 
of 
LM308A 
and 
output 
of 


LM329B to ground. 


3. 
Adjust R1 so that VOUT 
= 2.982V@ 25°C. 


4. 
Remove short acrossLM3298 and adjust R2 so that VOUT = 
246 mV @25°C. 


~START 


10k 


10k 


\ 


20k 
D2 
lMJJ5 
\ 


'::' 
\ 


10k 
\ 


THERMALLYCOUPlE'-- 
- 
- 
- 
- 
- 
- 
-- 


t Adjust 
01 to 50 mV greater Vz than D2. 
I,::,6V -12Y 
Charge 
terminates 
on 5°C temperature 
rise. 
Couple 
02 to battery. 


1k 


CLOSE~ 


FOR 
":'" 
lvre 


8 
T'OOPF 


t Adjust 
for zero with sensor at O°C and 10T P:t 
set at O°C 


* Adjust 
for zero output 
with 
10T pot set at 100°C 
and sensor 
at 100°C 


+output 
reads difference 
between 
temperature 
and dial setting 
of lOT pot 


the positive and negative terminals of the device at spec- 
ified conditions of operating temperature 
and current. 


Uncalibrated 
Temperature 
Error: 
The 
error 
between 
the 
operating 
output 
voltage at 10 mVfK 
and case 
temperature 
at 
specified 
conditions 
of 
current 
and 
case temperature. 


TO·92 
Plastic Package 


Order Number 
LM335Z 
or LM335AZ 
See NS Package 
Z03A 


ating output 
voitage-~-n-d -~~s-~~e~,:;~~~~~·re-~~·10-~vtK 
over a temperature 
range at ~ specified operating current 
with the 25°C error adjusted to zero. 


T0-46 
Metal Can Package· 


Order Number 
LM135H, 
LM235H, 
LM335H, 
LM135AH, 
LM235AH 
or LM335AH 
See NS Package 
H03H 


~National 
~ 
Semiconductor 


LM555/LM555C Timer 


General 
Description 


The 
LM555 
is a highly 
stable 
device 
for 
generating 
accurate time delays or oscillation. 
Additional 
terminals 
are provided for triggering or resetting if desired. In the 
time delay mode of operation, 
the time is precisely con- 
trolled by one external resistor and capacitor. For astable 
operation as an oscillator, the free running frequency and 
duty 
cycle are accurately 
controlled 
with 
two external 
resistors and one capacitor. The circuit may be triggered 
and reset on falling 
waveforms, 
and the output 
circuit 
can source or sink up to 200 mA or drive TTL circuits. 


• 
Direct replacement for SE555/N E555 


• 
Timing from microseconds through hours 


• 
Operates 
in 
both 
astable 
and 
monostable 
modes 


• 
Adjustable duty cycle 


• 
Output can source or sink 200 mA 


• 
Output and supply TTL compatible 


• 
Temperature 
stability 
better 
than 
0.005% 
per °c 


• 
Normally 
on and normally 
off output 


• 
Precision timing 


• 
Pulse generation 


• 
Sequential timing 


• 
Time delay generation 


• 
Pulse width 
modulation 


• 
Pulse position modulation 


• 
Linear ramp generator 


Metal 
Can Package 


vco 


TOP 
VIEW 


Order Number LM555CN 
See NS Package 
NOSS 
Order Number LM555J or LM555CJ 
See NS Package 
JOSA 


Absolute Maximum Ratings 


Supply 
Voltage 
+18V 


Power 
Dissipation 
(Note 
1) 
600 
mW 


Operating 
Temperature 
Ranges 


LM555C 
O°C 
to 
+70°C 


LM555 
-55°C 
to 
+125°C 


Storage 
Temperature 
Range 
-65°C 
to 
+150°C 


Lead 
Temperature 
(Soldering, 
10 
seconds) 
300°C 


Electrical Characteristics 
(T A = 25°C, 
Vcc 
= +5V 
to 
+15V, 
unless 
otherwise 
specified) 


LIMITS 


PARAMETER 
CONDITIONS 
LM555 
LM555C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Supply Voltage 
4.5 
18 
4.5 
16 
V 


Supply 
Current 
Vcc =5V, 
RL = 
<XI 
3 
5 
3 
6 
mA 


Vcc 
= 15V, 
RL 
=00 
10 
12 
10 
15 
mA 
(Low St.tel 
(Note 2) 


Timing 
Error, 
Monostable 


Initial 
Accuracy 
0.5 
1 
% 


Drift with Temperature 
RA• 
Rs = lkto 
lOOk, 
30 
50 
ppmfC 


C = O.lpF, 
(Note 31 
Accuracy over Temperature 
1.5 
1.5 
% 


Drift with Supply 
0.05 
0.1 
%/V 


Timing 
Error, 
Astable 


Initial 
Accuracy 
1.5 
2.25 
% 


Drift with Temperature 
90 
150 
ppmfC 


Accuracy 
over Temperature 
2.5 
3.0 
% 


Drift with Supply 
0.15 
0.30 
%IV 


Threshold Voltage 
0.667 
0.667 
x Vcc 


Trigger Voltage 
Vcc 
""15V 
4.8 
5 
5.2 
5 
V 


Vcc 
= 5V 
1.45 
1.67 
1.9 
1.67 
V 


Trigger 
Current 
0.01 
0.5 
0.5 
0.9 
pA 


Reset Voltage 
0.4 
0.5 
1 
0.4 
0.5 
1 
V 


Reset 
Current 
0.1 
0.4 
0.1 
0.4 
mA 


Threshold 
Current 
(Note 41 
0.1 
0.25 
0.1 
0.25 
pA 


Control Voltage Level 
Vcc 
= 15V 
9.6 
10 
10.4 
9 
10 
11 
V 


Vcc 
:: 5V 
2.9 
3.33 
3.8 
2.6 
3.33 
4 
V 


Pin 7 leakage 
Output 
High 
I 
100 
1 
100 
nA 


Pin 7 Sat (Note 5) 
Output Low 
Vcc 
= 15V, 
17 "" 15 mA 
150 
180 
'$ 
mV 


Output Low 
Vcc = 4.5V,17 
= 4.5 
mA 
70 
100 
80 
200 
mV 


Output Voltage Drop (Low) 
Vcc 
= 15V 


ISINK 
"" 10 mA 
0.1 
0.15 
0.1 
0.25 
V 


ISINK 
"" 50 mA 
0.4 
0.5 
0.4 
0.75 
V 


ISINK"" 
100 mA 
2 
2.2 
2 
2.5 
V 


'SINK"" 
200 mA 
2.5 
2.5 
- 
V 
Vcc ""5V 


ISINK 
"" 8 mA 
0.1 
0.25 
V 


ISINK 
"" 5 mA 
0.25 
0.35 
V 


Output Voltage Drop (High) 
'SOURCE"" 
200 mA, Vcc ""15V 
12.5 
12.5 
V 


ISOURCE 
"" 100 mA, Vcc :::15V 
13 
13.3 
12.75 
13.3 
V 
Vcc::: 5V 
3 
3.3 
2.75 
3.3 
V 


Rise Time of Output 
100 
100 
n, 


Fall Time of Output 
100 
100 
n, 


Note 
1: For 
operating 
at elevated 
temperatures 
the device 
must 
be derated 
based on a +150°C 
maximum 
junction 
temperature 
and a thermal 
resistance of +4SoC/W 
junction 
to case for TO·S and +1S0°C/W 
junction 
to ambient 
for both packages. 


Note 2: Supply current 
when output 
high typically 
1 mA less at VCC = 5V. 


Not. 
3: Tested 
at VCC 
= 5V and 
VCC = '5V. 


Note 4: This will determine 
the maximum 
value of AA + AS for 15V operation. 
The maximum 
total 
(AA + AS) is 20 Mn. 


Note 5: 
No protection 
against excessive pin 7 current 
is necessary providing 
the package dissipation 
rating will not be exceeded. 


Typical Performance 
Characteristics 


Minimum 
Pulse Width 
Supply 
Current 
vs 
High Output 
Voltage 
vs 


Required 
for Triggering 
Supply 
Voltage 
Output 
Source Current 


1.2 
12 
2 I-t! 15~oC 
./ 


t.t 
Vec 
= ~5V 
1.8 


~ 
1.0 
to 
~-" 


1.6 


'"' 
0.9 
T =+125°C 
~ 
-55~ 
TA, 
= +25°C 
•... 
.§ 
E 
1.4 
a 
0.8 
I 


6 
~+25°C 


I 
./ 
i 
0.7 
~ 
5 
t.2 
w 


,o+~51c~ 


TA, 
>: +12S"C 
~ 
0.6 
6 
> 
t 
" 
:;::;..- 
I 
C- 
0.5 
> 
~ 


+125"C 
~ 
0.8 
~ 
'" 


0.4 


~ 


4 ~';;' 
0.6 


Z 
0.3 
lE 
0.2 


', 
0 i 


5r 


C 
2 
0.4 


O.t 
0.2 
5VfVfC 
~t5V 


0 
0 


0 
0.1 
0.2 
0.3 
0.4 
5 
to 
t5 
t 
to 
tOO 


LOWEST 
VOLTAGE 
LEVEl 
OF TRIGGER 
PULSE (X Vccl 
suPP, Y VOLTAGE(V) 
ISOURCE 
(mAl 


Low Output 
Voltage vs 
Low Output Voltage vs 
Low Output Voltage vs 


Output 
Sink Cu rrent 
Output Sink Current 
Output 
Sink Current 
••• 


to 
to 
Vcc 05vIlI 
Vcc 0 tOV ~ 
FVcc=15V 


III 
_55°C 
1.01 
II 
1111I1 
+t;50~. 


I 
I 
II 
II 
1.0 


+t25}jjI 


1.0 


E 
E 
E 


+125°C 


5 
5 
0 
H-H+25<>C-......:: 


Ot_5lcl~ 
~• 


~ 
> 
0.1 
~ 
-55°CUJ 
-5SOC 


O.t 
*I 


DOt ~ 
11111111 
I 
11:1 
O.Ot 
1111 
I 
IIIII111 
OOt~1 
1111I1 
III 


1.0 
to 
tOO 
1.0 
to 
tOO 
'.0 
to 
100 


ISINK 
(mAl 
ISINK 
(mAl 
ISINK 
(mAl 


Output 
Propagation 
Delay 
vs 
Output 
Propagation 
Delay 
vs 
Discharge 
Transistor 
(Pin 7) 


Voltage 
Level of Trigger Pulse 
Voltage Level of Trigger Pulse 
Voltage 
vs Sink Current 


1200 
1200 


Vcc '" 15V 


1000 


T =+25°C 
+125°C 
" 


Vcc = 15V 


1000 
! 1000 
oS 
+lOoC -1... 'J, 
+125°C 
> 
> 
~ 'DO 
g 


600 
g 
800 


+2~ocl-L 
z 


Vcc 
= 5.0~, 
0: 
+25°C 


z 
600 
z 
;; 


0 
W 


0 
600 
.§ 


;:: 
;:: 
" 
-55°C 
;; 


400· 
;; 
,; 
to 
i 
i 


400 


I-'~ Vcc = 10V,15V 
A,O·,C 


200 
III 
II 


200 


1 


55i 


C 
I 
0 
0 
t.O 


0 
0.1 
0.2 
0.3 
0 
O.t 
0.2 
0.3 
0.01 
O.t 
t.O 
to 
100 


LOWEST VOLTAGE 
LEVEl 
OF TRIGGER 
PULSE IX Vccl 
LOWEST VOL TAGE 
LEVEL 
OF TRIGGER 
PULSE IX Vccl 
ISINK 
(mAl 
PIN 7 


Discharge Transistor 
(Pin 7) 
Voltage 
vs Sink Current 


1000 


Vcc =5V 


+12 
~ tOO 
z 
0: 
+25°C 
;; 
.§ 
} 


-WC 
to ~ 


~ 


t.O 
0.01 
O.t 
1.0 
'0 
tOO 


ISINK 
(mAl 
PIN 7 


In 
tnlS 
mode 
ot 
operation, 
the 
timer 
functions 
as 
a 


one-shot 
(Figure n. The 
external 
capacitor 
is initially 
held discharged 
by a transistor 
inside 
the timer. 
Upon 
ap· 
plication 
of a negative 
trigger 
pulse 
of less than 
1/3 Vcc 
to pin 
2, the flip-flop 
is set which 
both 
releases 
the short 


circuit 
across 
the 
capacitor 
and 
drives 
the 
output 
high. 


i 
"'fT_- 


~ 
TRIGGER 
4 
~g:~t~~: 
t R, "0;.::;... 
2 


I 
LM555 


I 
OUTPUT 


NORMAllV 
~ 


"DFF" 
lOAD 
~RL 


The 
voltage 
across 
the capacitor 
then 
increases 
exponen- 
tially 
for 
a period 
of t = 1.1 
RA C, at the 
end 
of which 


time 
the 
voltage 
equals 
2/3 
V cc. 
The 
comparator 
then 


resets 
the flip-flop 
which 
in turn 
discharges 
the capacitor 


and 
drives 
the 
output 
to 
its 
low 
state. 
Figure 
2 shows 


the 
waveforms 
generated 
in 
this 
mode 
of 
operation. 
Since 
the 
charge 
and 
the 
threshold 
level 
of 
the 
com- 
parator 
are both 
directly 
proportional 
to supply 
voltage, 


the timing 
internal 
is independent 
of supply. 


Vec ~ 5V 


TIME: 
0.1 mu'DIV, 
R,,"'9.lkll 
C"O.OlJ"F 


During 
the 
timing 
cycle 
when 
the 
output 
is high, 
the 


further 
application 
of a trigger 
pulse 
will 
not 
effect 
the 
circuit. 
However 
the 
circuit 
can be reset during 
this time 


by 
the 
application 
of 
a 
negative 
pulse 
to 
the 
reset 
terminal 
(pin 
4). The 
output 
will then 
remain 
in the low 


state 
until 
a trigger 
pulse 
is again 
applied. 


When 
the 
reset 
function 
is not 
in use, it is recommended 


that 
it be connected 
to VCC 
to avoid 
any 
possibility 
of 
false triggering. 


Figure 
3 is a nomograph 
for easy 
determination 
of R, C 


values 
for various 
time 
delays. 


NOTE: 
In monostable 
operation, 
the 
trigger 
should 
be 
driven 
high before 
the end of timing 
cycle. 


ASTABLE 
OPERATION 


If the 
circuit 
is connected 
as shown 
in Figure 
4 (pins 
2 
and 
6 connected) 
it will 
trigger 
itself 
and 
free 
run 
as a 


10 
. 
, 
J~/V/ 
z 
1 
;0 
~'r ~~e;-~~y/V 
U;.0 
0.1 /v;9f"-- 
:3 
I 
u 
0.01 /V// 
0.001 


10pslDO~ 
lmsl0mslOOmsl, 
10, 
100s 


td - 
TIME 
DElAY 


FIGURE 
3. Time Delay 


multivibrator. 
The 
external 
capacitor 
charges 
through 
RA 
+ Rs 
and 
discharges 
through 
Rs. 
Thus 
the 
duty 


cycle 
may 
be 
precisely 
set 
by 
the 
ratio 
of 
these 
two 


resistors. 


I 
I 
I 
I 
R. 
I 


~R, 


4 
8 
-, 
) 


I 
R. 
I 
lM555 
, 
I 
1 
3 
'l -'-, 


~R' 


1 
l'01,T' 


In 
this 
mode 
of 
operation, 
the 
capacitor 
charges 
and 


discharges 
between 
1/3 
Vcc 
and 
2/3 
V cc. 
As in the 


triggered 
mode, 
the charge 
and discharge 
times, 
and there- 
fore the frequency 
are independent 
of the supply 
voltage. 


Figure 
5 shows 
the 
waveforms 
generated 
in this 
mode 


of operation. 


/' 
V 
\ 


Vet" 
SV 
Top T'Ke; Output 
SV!D,w 
TIME., 20l'slOIV. 
Bonom Trtu: C.pacito.Voll." IV/O..•_ 


R.•.-Ukn 
R.·] 
kO 


C-O.Ol"F 


The charge 
time 
(output 
high) 
is given by: 
t, = 0.693 
(RA + Rs) C 


And the discharge 
time 
(output 
low) by: 
t2 = 0.693 
(Rs) C 


Thus 
the total 
period 
is: 


T = t, + t2 = 0.693 
(RA + 2Rs) 
C 


Applications Information 
(Continued) 


The frequency 
of oscillation 
is: 


1 
1.44 
V 
r-- 


f=-= 
T 
(RA+2Re)C 
•.•..•.. 


Figure 
6 
may 
be used 
for 
quick 
determination 
of these 


RC values. 
..., 
In 


The 
duty 
cycle 
is: 
D= 
Re 
II 
RA + 2Re 
II 


100 
Vcc:5v 
Top Trl«:Modulnlon 
lV!O,v. 
'\ 
'\ 
'\ 
TIME: 
0.2 ms!DIV. 
8onom 
Trace: 
0 ••lpuI211/0•••. 


R••.·9.l.!1 


10 
C:O.Oll'f 


~ 
'\ '\ '\ '\ 
FIGURE 
9. 
Pu 158Width 
Modu lator 
u 
1 
z 
~ '<~ 
~~F,\7Q~7fr 
'"•... 
~ 
0.1 
~ 
~ 
'.-' 


~ 
'\ 
'\ 
'\ 
'\ '\ 
PULSE 
POSITION 
MODULATOR 
, 
u 
0.01 
'\ '\ 
'\ '\ 
This 
application 
uses 
the 
timer 
connected 
for 
astable 


0.001 


IRA ~ 2ABI 


operation, 
as 
in Figure 
10, with 
a 
modulating 
signal 


0.1 
1 
10 
100 
lk 
10k 
lOOk 
again 
applied 
to the 
control 
voltage 
terminal. 
The 
pulse 


f - 
FREE·RUNNING 
FREOUENCY 
(Hzl 
position 
varies 
with 
the 
modulating 
signal, 
since 
the 


FIGURE 
6. 
Free 
Running 
Frequency 
threshold 
voltage 
and 
hence 
the 
time 
delay 
is varied. 


Figure 
11 shows 
the 
waveforms 
generated 
for 
a triangle 


FREQUENCY 
DIVIDER 
wave 
modulation 
signal. 


The 
monostable 
circuit 
of 
Figure 
1 can 
be 
used 
as a 
frequency 
divider 
by adjusting 
the 
length 
of the 
timing 


·Vce 
cycle. 
Figure 
7 
shows 
the 
waveforms 
generated 
in a 
I 


divide 
by three 
circuit. 
L, 


I 
". 
. 
• 
I 
II 
II 
II 


7 


J 
U 
". 
- -- 
LM555 
6 


MODULATION 
OUTPurO--3 
, --0 T' 


1 


-- 
-- 
I 
J. 


Vce·511 
10p1'.I:ln"",14\1/0",. 


TIME- 
Z.,lJDIV. 
M,ddIIT,ace.Oulpllt2V/D,w. 
FIGURE 
10. Pulse Position Modulator 
R.• -t.!kU 
SanomT'KI C'p.dollY/O •••_ 


C·O.OI"F 


FIGURE 
7. 
Frequency 
Divider 


PULSE 
WIDTH 
MODULATOR 
/' 
'- 
,/ 


When 
the 
timer 
is connected 
in the 
monostable 
mode 
"" 
1'- 


and 
triggered 
with 
a continuous 
pulse 
train, 
the 
output 


pulse 
width 
can 
be modulated 
by a signal 
applied 
to pin 


5. Figure 
8 shows 
the 
circuit, 
and 
in Figure 
9 are some 
fr:=~•• 
~ 


waveform 
examples. 


I 
r 


+Vce 


". 


Vec• 
5\1 
TopT,KI:Modul.uonlnputlll!O,y 
. 
• 


TIME 
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f 
When 
the 
pullup 
resistor, 
RA, 
in the 
monostable 
circuit 


FIGURE 
8. Pulse Width Modulator 
is replaced 
by a constant 
current 
source, 
a linear 
ramp 
is 


generated. 
Figure 
12 shows 
a circuit 
configuration 
that 
will 
perform 
this 
function. 
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For 
a 50% duty 
cycle, 
the 
resistors 
RA 
and 
Rs 
may be 


connected 
as in Figure 
14. The 
time 
period 
for the out- 


put 
high 
is the 
same 
as 
previous, 
t1 
= 0.693 
RA 
C. 
For 
the 
output 
low 
it is t2 = 


[(RA 
Rs)/(RA 
+ Rs)] 
CLn 
[Rs 
-2R 
A 
] 
2Rs 
- RA 


1 
Thus 
the frequency 
of oscillation 
is f = --- 
t, + t2 


Note 
that 
this 
circuit 
will 
not 
oscillate 
if Rs 
is greater 


than 
1/2 
RA 
because 
the junction 
of RA 
and 
Rs 
cannot 


bring 
pin 
2 
down 
to 
1/3 
Vcc 
and 
trigger 
the 
lower 


comparator. 


Adequate 
power 
supply 
bypassing 
is necessary 
to protect 
associated 
circuitry. 
Minimum 
recommended 
is O.lIlF 
in 
parallel 
with 
11lF electrolytic. 


Lower 
comparator 
storage 
time 
can 
be as long 
as lOlls 


when 
pin 
2 is driven 
fully 
to ground 
for triggering. 
This 


limits 
the 
monostable 
pulse 
width 
to 
lOlls 
minimum. 


Delay 
time 
reset 
to 
output 
is 0.471ls 
typical. 
Minimum 


reset 
pulse 
width 
must 
be 0.3Ils, 
typical. 


Pin 
7 
current 
switches 
within 
30 
ns 
of 
the 
output 


(pin 
3) 
voltage. 


~National 
~ 
Semiconductor 


LM556/LM556C Dual Timer 


General Description 


The 
LM556 
Dual 
timing 
circuit 
is a 
highly 
stable 
controller 
capable 
of 
producing 
accurate time 
delays 
or oscillation. 
The 556 is a dual 555. Timing is provided 


by an external 
resistor 
and capacitor 
for each timing 
function. 
The two timers operate independently 
of each 


other sharing only Vcc and ground. The circuits may be 
triggered 
and reset on falling 
waveforms. 
The 
output 


structures 
may sink or source 200 mA. 


Features 


• 
Direct replacement for SE556/NE556 


• 
Timing from microseconds through hours 


• 
Operates 
in 
both 
astable 
and 
monostable 
modes 


• 
Replaces two 555 timers 


• 
Adjustable 
duty cycle 


• 
Output 
can source or sink 200 mA 


• 
Output 
and supply TTL compatible 


• 
Temperature 
stability 
better 
than 
0.005% 
per °c 


• 
Normally 
on and normally 
off output 


Applications 


• 
Precision timing 


• 
Pulse generation 


• 
Sequential timing 


• 
Time delay generation 


• 
Pulse width 
modulation 


• 
Pulse position 
modulation 


• 
Linear 
ramp 
generator 


CONTROL 


VOLTAGE!],11) 


GNO 


111 


Operating Temperature 
Ranges 


LM556C 
LM556 


Storage Temperature 
Range 
Lead Temperature 
(Soldering. 10 seconds) 


O°C to +70°C 


-55°C to +125°C 
---65°Cto +150°C 
300°C 


PARAMETER 
LM556 
lM556C 


CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


Supply 
Voltage 
4.5 
18 
4.5 
16 
V 


Supply 
Current 
Vcc=5V,RL"'ao 
3 
5 
3 
6 
mA 


(Each Timer 
Section) 
Vcc 
=. 15V, 
RL:"" 
10 
11 
10 
14 
mA 


(low 
State) 
(Note 
2) 


Timing 
Error, 
Monostable 


Initial 
Accuracy 
0.5 
0.75 


'" 
Drift 
With Temperature 
RA• 
Rs 
::: lk 
to lOOk, 
C::: O.lJJF. 
3.1 
50 
ppm;C 


(Note 
3) 


Accuracy 
Over Temperature 
1.5 
1.5 


'" 
Drift 
with 
Supply 
0.05 
0.1 
"'IV 


Timing 
Error. 
Astable 


Initial 
Accuracy 
1.5 
2.25 


'" 
Drift 
With Temperature 
90 
150 
ppmiC 


Accuracy 
Over Temperature 
2.5 
3.0 
'" 
Drift 
With Supply 
0.15 
0.30 
"'IV 


Trigger Voltage 
Vcc 
'"15V 
4.8 
5 
5.2 
4.5 
5 
0.5 
V 
Vcc :::5V 
1.45 
1.67 
1.9 
1.25 
1.67 
2.0 
V 


Trigger Current 
0.1 
0.5 
0.2 
1.0 
.A 


Reset Voltage 
(Note 4) 
0.4 
0.5 
1 
0.4 
0.5 
1 
V 


Reset 
Current 
0.1 
0.4 
0.1 
0.6 
mA 


Threshold 
Current 
(Note 
5) 
0.03 
0.1 
0.Q3 
0.1 
.A 


Control 
Voltage 
Level And 
Vcc"'1SV 
9.6 
10 
10.4 
9 
10 
11 
V 
Threshold 
Voltage 
Vcc '"5V 
2.9 
3.33 
3.8 
2.6 
3.33 
4 
V 


Pin 1, 13 Leakage Output 
High 
1 
100 
1 
100 
nA 


Pin 1, 13 Sat 
(Note 
6) 


Output 
Low 
Vcc'" 
15V, 
I:: 
15mA 
150 
240 
180 
300 
mV 


Output 
Low 
Vcc 
:: 4.5V, 
'''' 4.5 mA 
70 
100 
80 
200 
mV 


Output 
Voltage 
Drop 
(Low) 
Vcc'" 
15V 


ISINK 
= 10 mA 
0.1 
0.15 
0.1 
0.25 
V 


ISINK 
'" 50 mA 
0.4 
0.5 
0.4 
0.75 
V 


ISINK 
'" 100 mA 
2 
2.25 
2 
2.75 
V 


ISINK 
'" 200 mA 
2.5 
2.5 
V 


Vcc 
E 5V 


ISINK 
·8 
mA 
0.1 
0.25 
V 


ISINK 
'" 5 mA 
0.25 
0.35 
V 


Output 
Voltage 
Drop 
(High) 
'souRce· 
200 mA, 
Vcc 
= 15V 
12.5 
12.5 
V 


'souRce· 
100 mA, 
Vcc 
= 15V 
13 
13.3 
12.75 
13.3 
V 


Vcc 
• 5V 
3 
3.3 
2.75 
3.3 
V 


Rise Time of Output 
100 
100 
n, 


Fall Time of Output 
100 
100 
n. 


Matching 
Characteristics 
(Note 
7) 


Initial 
Timing 
Accuracy 
0.05 
0.2 
0.1 
2.0 


'" 
Timing 
Drift 
With Temperature 
.,0 
"0 
ppmtC 


Drift 
With Supply 
Voltage 
0.1 
0.2 
0.2 
0.5 
%IV 


Note 1: 
For 
operating 
at elevated 
temperatures 
the 
device 
must 
be derated 
basad on a +160°C 
'maximum 
junction 
temperature 
end e thermel 


resistance of +150°CIW 
junction 
to ambient 
for both 
packages, 


Note 2: Supply current when output high typically 1 mA less at VCC • 5V. 
Note 3: Tested at VCC • 5V and VCC = 15V. 


Note 
4: 
As reset voltage 
lowers, 
timing 
is inhibited 
and then 
the output 
goes low, 


Note 
5: 
This will determine 
the maximum 
value of AA 
+ AS for 
15V 
operation. 
The 
maximum 
total 
(AA + RS) 
is 20 MO. 


Note 6: 
No protection 
against excessive pin 1, 13 current 
is necessary providing 
the package dissipation 
rating will 
not be exceeded. 


Note 
7: 
Matching 
characteristics 
refer to the difference 
between 
performance 
characteristics 
of each timer 
section. 
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~National 
~ 
Semiconductor 


General Description 


The LM565 and LM565C are general pu rpose phase 
locked loops containing 
a stable, highly linear volt- 


age controlled 
oscillator 
for 
low 
distortion 
FM 
demodulation, 
and a double balanced 
phase detec- 
tor 
with 
good carrier 
suppression. The VCO fre- 
quency 
is set with 
an external 
resistor and capa- 


citor, 
and a tuning 
range of 10: 1 can be obtained 


with 
the same capacitor. The characteristics of the 


closed 
loop 
system-bandwidth, 
response speed, 


capture and pull in range-may 
be adjusted over a 


wide range with 
an external resistor and capacitor. 
The 
loop 
may be broken 
between the VCO and 
the 
phase detector 
for 
insertion 
of a digital 
fre- 
quency divider to obtain frequency multiplication_ 


• 
Power supply 
range of 
±5 
to 
±12 volts with 
100 ppm/% 
typical 


• 
0.2% linearity 
of demodulated 
output 


• 
Linear triangle wave with in phase zero crossings 
available 


• 
TTL 
and DTL compatible 
phase detector 
input 
and square wave output 


• 
Adjustable hold in range from ±1% to > ±60%. 
Applications 


• 
Data and tape synchronization 


• 
Modems 


• 
FSK demodulation 


• 
FM demodulation 


• 
Frequency 
synthesizer 


• 
Tone 
decoding 


• 
Frequency 
multiplication 
and division 


• 
SCA demodulators 


• 
Telemetry 
receivers 


• 
Signal regeneration 


• 
Coherent 
demodu lators. 


The 
LM565H 
is specified for 
operation 
over the 
-55°C 
to +125°C military 
temperature 
range. The 
LM565CH 
and LM565CN 
are specified for opera- 
tion 
over the O°C to 
+70°C 
temperature 
range. 


Features 


• 
200 
ppmfC 
frequency 
stability 
of 
the 
VCO 


Schematic and Connection Diagrams 
. 
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Absolute Maximum Ratings 


Supply 
Voltage 
±12V 


Power Dissipation 
(Note 
1) 
300 mW 


Differential 
Input 
Voltage 
±lV 


Operating 
Temperature 
Range LM565H 
_55°C 
to +125°C 


LM565CH. 
LM565CN 
O°C to 70°C 


Storage Temperature 
Range 
_65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 see) 
300°C 


Electrical Characteristics 
(AC Test Circuit, 
T A = 25°C, V c = ±6V) 


LM565 
LM565C 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Power Supply 
Current 
8.0 
12.5 
8.0 
12.5 
mA 


Input 
Impedance 
(Pins 2,31 
-4V < V2' 
Va < OV 
7 
10 
5 
kn 


VCO Maximum 
Operating 
Co= 
2.7 pF 
300 
500 
250 
500 
kHz 
Frequency 


Operating 
Frequency 
-100 
300 
-200 
500 
ppmtC 
Temperature 
Coefficient 


Frequency 
Drift 
with 
0.01 
0.1 
0.05 
0.2 
%/V 
Supply 
Voltage 


Triangle 
Wave Output 
Voltage 
2 
2.4 
3 
2 
2.4 
3 
Vp.p 


Triangle 
Wave Output 
Linearity 
0.2 
0.75 
0.5 
1 
% 


Square Wave Output 
Level 
4.7 
5.4 
4.7 
5.4 
Vp.p 


Output 
I mpedance 
(Pin 41 
5 
5 
kn 


Square Wave Duty 
Cycle 
45 
50 
55 
40 
50 
60 
% 


Square Wave Rise Time 
20 
100 
20 
ns 


Square Wave Fall Time 
50 
200 
50 
ns 


Output 
Current 
Sink (Pin 4) 
0.6 
1 
0.6 
1 
mA 


VCO 
Sensitivity 
fo = 10 kHz 
6400 
6600 
6800 
6000 
6600 
7200 
Hz/V 


Demodulated 
Output 
Voltage 
± 10% Frequency 
Deviation 
250 
300 
350 
200 
300 
400 
mVpp 
(Pin 7) 


Total 
Harmonic 
Distortion 
± 10% Frequency 
Deviation 
0.2 
0.75 
0.2 
1.5 
% 


Output 
Impedance 
(Pin 7) 
3.5 
3.5 
kn 


DC Level 
(Pin 7) 
4.25 
4.5 
4.75 
4.0 
4.5 
5.0 
V 


Output 
Offset 
Voltage 


IV7 - v.1 
30 
100 
50 
200 
mV 


Temperature 
Drift 
of IV7 - 
V61 
500 
500 
jJ.V;OC 


AM 
Rejection 
30 
40 
40 
dB 


Phase Detector 
Sensitivity 
Ko 
0.6 
.68 
0.9 
0.55 
.68 
0.95 
V/radian 


Note 
1: 
The 
maximum 
junction 
temperature 
of 
the 
LM565 
is 150°C, 
while 
that 
of 
the 
LM565C 
and 
LM565CN 
is 100°C. 
For operation 
at elevated 
temperatures, 
devices in the TO·5 
package must 
be derated 
based on a thermal 
resistance of 150oC/W 
junction 
to ambient 
or 45°C/W 
junction 
to case. 


Thermal 
resistance of the dual-in-line 
package is 100oC/W. 
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Current 
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RESISTANCE 
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PINS 6 AND 
7 (n) 
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as a Function 
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In designing with 
phase locked loops such as the 


LM565, 
the important 
parameters of interest are: 


f 
,=,, 
__ 
1__ 
o 
3.7 RoCa 


LOOP GAl N: 
relates the amount of phasechange 
between the input signal and the VCO signal for a 
shift in input signal frequency (assuming the loop 
remains in lock). 
In servo theory, 
this 
is called 


the "velocity 
error coefficient". 


( 
1 ) 
KK 
- 
00 
see 


('3dians/sec) 
oscillator sensitivity 
volt 


(VoltS) 
phasedetector sensitivity 
radian 


The 
loop 
gain of 
the 
LM565 
is dependent on 
supply voltage, and may be found from: 


33.6 fo 
Ko K0 
----v;- 


fo 
VCO frequency in Hz 


Vc = 
total supply voltage to circuit. 


Loop gain may be reduced by connecting a resistor 
between pins 6 and 7 ; this reduces the load imped- 
ance on the output 
amplifier 
and hence the loop 


gain. 


HOLD IN RANGE: 
the range of frequencies that 


the loop will 
remain in lock after initially 
being 


locked. 


8 fo 
+ -- 
- 
Vc 


free running frequency of VCO 


In almost all applications, 
it will 
be desirable to 


filter 
the signal at the output of the phase detector 


(pin 7) this filter may take one of two forms: 
§r.." 


" 
" 
Rl-lU 
I 
,- 


A simple lag filter 
may be used for wide closed 
loop 
bandwidth 
applications 
such as modulation 
following 
where the frequency 
deviation 
of 
the 
carrier is fairly 
high (greater than 10%), or where 


wideband 
modulating 
signals must be followed. 


The natural bandwidth of the closed loop response 
may be found from: 


1~ 


fn 
= 2rrJ -R,C; 


0-2.) 
1 
- 
2 
-R-,-C-,-K-o-K-o 


For narrow band appl ications where a narrow noise 
bandwidth is desired, such asapplications involving 
tracking a slowly varying carrier, a lead lag filter 
should 
be used. In general, if 
l/R,C, 
< KoKd, 


the damping factor 
for 
the loop 
becomes quite 
small 
resulting 
in 
large overshoot 
and 
possible 


instability 
in the transient response of the loop. 


In this case, the natural 
frequency 
of the loop 


may be found 
from 


Rz is selected to produce a desired damping factor 
0, 
usually 
between 
0.5 
and 
1.0. The 
damping 


factor 
is found 
from 
the approximation: 


These two equations are plotted 
for convenience. 
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Capacitor Cz should be much smaller than C, since 
its function 
is to 
provide filtering 
of carrier. 
In 


general Cz :s 0.1 C,. 
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LM566/LM566C Voltage Controlled Oscillator 


General 
Description 


The LM566/LM566C 
are general purpose voltage 
controlled 
oscillators which may be used to gener- 
ate square and triangular waves, the frequency of 
which 
is a very linear function 
of a control 
volt- 


age_The frequency is also a function 
of an external 


resistor and capacitor. 


The 
LM566 
is specified for 
operation 
over the 
_55°C to +125°C military 
temperature range. The 
LM566C 
is specified for operation 
over the aOc 
to +7aoC 
temperature 
range. 


• 
Wide supply voltage range: 1a to 24 volts 


• 
Very linear modulation 
characteristics 
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• 
High temperature stability 


• 
Excellent supply voltage rejection 


• 
1a to 
1 frequency 
range with 
fixed 
capacitor 


• 
Frequency programmable by means of current, 
voltage, resistor or capacitor. 


• 
FM modulation 


• 
Signal generation 


• 
Function generation 


• 
Frequency shift keying 


• 
Tone generation 


The 
LM566 
may be operated 
from 
either 
a single supply 
as shown 
in this test circuit, 
or from 
a split 
(±) 
power 
supply. 
When 
operating 
from 
a split 
supply. 
the 
square 
wave 
output 
(pin 4) 
is TTL 
compatible 
(2 
mA 
current 
sink) with the addition of a 4.7 kn resistor from pin 3 to 
ground. 


A .001 
pF 
capacitor 
is connected 
between 
pins 5 and 6 
to prevent parasitic oscillations that 
may occur during 
VCO 
switching. 


2IV+-Vs) 


fo= 
R,C1V+ 


where 


2K < R, < 20K 


and 
Vs 
is voltage 
between 
pin 
5 and 
pin 
1 


rower ~UPPIY vOltage 
26V 


Power Dissipation 
(Note 1) 
300 mW 
Operating Temperature 
Range 
LM566 
_55°C to +125°C 


LM566C 
O°C to 70°C 


Lead Temperature 
(Soldering, 
10 secl 
300°C 


Electrical 
Characteristics 
Vcc = 12V, T A = 25°C, AC Test Circuit 


LM566 
LM566C 
PARAMETER 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Maximum 
Operating 
Frequency 
RO: 2k 
1 
1 
MHz 


CO: 2.7 pF 


Input Voltage RangePin 5 
3/4 VCC 
VCC 
3/4 VCC 
VCC 


Average 
Temperature 
Coefficient 
100 
200 
ppmfC 


of Operating 
Frequency 


Supply Voltage Rejection 
10··20V 
0.1 
1 
0.1 
2 
%/V 


Input Impedance Pin 5 
0.5 
1 
0.5 
1 
Mn 


VCO Sensitivity 
For Pin 5, From 
6.4 
6.6 
6.8 
6.0 
6.6 
7.2 
kHz/V 


8-10V, 
fO: 
10 kHz 


FM 
Distortion 
±10% 
Deviation 
0.2 
0.75 
0.2 
1.5 
% 


Maximum 
Sweep 
Rate 
800 
1 
500 
1 
MHz 


Sweep Range 
10:1 
10:1 


Output 
Impedance 


Pin 3 
50 
50 
n 


Pin 4 
50 
50 
n 


SquareWaveOutput Level 
RL1 = 10k 
5.0 
5.4 
5.0 
5.4 
Vp·p 


Triangle WaveOutput Level 
RL2 = 10k 
2.0 
2.4 
2.0 
2.4 
Vp·p 


SquareWaveDuty Cycle 
45 
50 
55 
40 
50 
60 
% 


Square Wave Rise Time 
20 
20 
ns 


SquareWaveFall Time 
50 
50 
ns 


Triangle 
Wave Linearity 
+1V Segmentat 
0.2 
0.75 
0.5 
1 
% 


1/2 VCC 


Note 
1: 
The 
maximum 
junction 
temperature 
of the 
LM566 
is 150°C, 
while 
that 
of 
the 
LM566C 
is 100°C. 
For 
operating 
at 
elevated 
junction 
temperatures, 
devices 
in the 
TO-5 
package 
must 
be 
derated 
based on a thermal 
resistance of 150°C/W. 
The thermal 
resistance of the dual-in-line 
package 
is 100·C/W. 
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• 
High 
rejection 
of out 
of band 
signals 
and noise 


• 
Immunity 
to false signals 


• 
Highly 
stable 
center 
frequency 


• 
Center 
frequency 
adjustable 
from 
0.01 
Hz to 


500 
kHz 


The 
LM567 
and 
LM567C 
are general 
purpose 
tone 
decoders 
designed 
to provide 
a saturated 
transistor 
switch 
to 
ground 
when 
an 
input 
signal 
is present 
within 
the 
passband. 
The 
circuit 
consists 
of 
an 
I 


and 
Q 
detector 
driven 
by 
a voltage 
controlled 
oscillator 
which 
determines 
the 
center 
frequency 
of 
the 
decoder. 
External 
components 
are used 
to 
independently 
set 
center 
frequency. 
bandwidth 


and 
output 
delay. 
• 
Touch 
tone 
decoding 


• 
Precision 
oscillator 


• 
Frequency 
monitoring 
and control 


• 
Wide band 
FSK demodulation 


• 
Ultrasonic 
controls 


• 
Carrier current remote controls 


• 
Communications 
paging 
decoders 


• 
20 to 1 frequency 
range 
with 
an external 
resistor 


• 
Logic 
compatible 
output 
with 
100 
mA current 


sinking 
capability 


• 
Bandwidth 
adjustable 
from a to 
14% 
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Absolute 
Maximum 
Ratings 


Supply Voltage Pin 
10V 


Power Dissipation 
(Note 1) 
300mW 


Va 
15V 


V3 
-10V 


V3 
Va + O.5V 
Storage Temperature 
Range 
-65°C 
to +150°C 


Electrical 
Characteristics 
lAC Test 
CirCUit, 
T A" 
2S0C. 
Vc 
'" 5V) 


LM567 
LM567C/lM567CN 


PARAMETERS 
CONDITIONS 
MIN 
TVP 
MAX 


UNITS 


MIN 
TVP 
MAX 


Power 
Supply 
Voltage 
Range 
4.75 
5.0 
9.0 
4.75 
5.0 
9.0 
V 


Power Supply 
Current 
RL = 20k 


Quiescent 
6 
8 
7 
10 
mA 


Power 
Supply 
Current 
RL 
= 20k 


Activated 
11 
13 
12 
15 
mA 


Input 
Resistance 
18 
20 
22 
15 
20 
25 
kfl 


Smallest 
Detectable 
Inpul 
Voltage 
IL=100mA,f,=fo 
20 
25 
20 
25 
mVrms 


Largest 
No Output 
Input 
Voltage 
Ie = 100 mA, f, 
'II fa 
10 
15 
10 
15 
mVrms 


Largest 
Simultaneous 
Outband 
Signal 
to Inband 
Signal 
Ratio 
6 
6 
dB 


Minimum 
Input 
Signal 
to Wideband 
Noise 
Ratio 
Bn = 140 kHz 
-6 
-6 
dB 


Largest 
Detection 
Bandwidth 
12 
14 
16 
10 
14 
18 
%of 
fo 


Largest DetectIon BandWidth Skew 
1 
2 
2 
3 
%offo 


Largest 
Detection 
BandWidth 
Variation 
with 
Temperature 
±O.l 
0.25 
±O.l 
0.5 
",tc 


Largest 
Detection 
Bandwidth 
Variation 
with 
Supply 
Voltage 
4.75V 
- 
6.75V 
±1 
±2 
±1 
±5 
"'V 


Highest 
Center 
Frequency 
100 
500 
100 
500 
kH, 


Center 
Frequency 
Stability 
O<TA<70 
35± 
60 
35±60 
ppmfC 


-55< 
T A < +125 
35 ± 140 
35± 
140 
ppmfC 


Center 
Frequency 
Shift 
with 
Supply 
Voltage 
4.75V 
- 
6.75V 
0.5 
1.0 
0.4 
2.0 
"'IV 


Fastest 
ON-OF F Cycling 
Rate 
,0/20 
'0/20 


Output 
Leakage 
Current 
Va'" 
15V 
0.01 
25 
0.01 
25 
"A 


Output 
Saturation 
Voltage 
e,"'25mV, 
0.2 
0.4 
0.2 
0.4 
V 


Is'" 
30mA 


e;"'25mV, 
0.6 
1.0 
0.6 
1.0 


Is'" 
l00mA 


Output 
Fall Time 
30 
30 
n, 


Output 
Rise Time 
150 
150 
n, 


Note 
1: 
The 
maximum 
junction 
temperature 
of the 
LM567 
is 150°C, 
while 
that 
of the 
LM567C 
and 
LM567CN 
is 100°C. 


For 
operating 
at 
elevated 
temperatures, 
devices 
in the 
TO-S 
package 
must 
be 
derated 
based 
on 
a thermal 
resistance 
of 


150°C/W. 
junction 
to 
ambient 
or 
45°C/W, 
junction 
to 
case. 
For 
the 
DIP 
the 
device 
must 
be 
derated 
based 
on a thermal 
resistance 
of 
187°C/W, 
junction 
to ambient. 
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Uk 
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20k 
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0.10mfd 
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C3 
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The center frequency of the tone decoder is equal 
to the free running frequency of the VCO. This is 
given by 


1 
fa 
"'---- 
- 
1.1R,C, 


The bandwidth 
of the filter 
may be found 
from 
the approximation 


BW 
1070 -J fo 


VC2 
in % of fa 
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LM733/LM733C Differential Video Amp 


General Description 


The 
LM733/LM733C 
is a two-stage, 
differential 
input, 
differential 
output, 
wide-band video ampli- 
fier_ The use of internal series-shunt feedback gives 
wide bandwidth 
with low phase distortion 
and high 
gain stability. 
Emitter-follower 
outputs 
provide a 
high current 
drive, 
low impedance capability. 
It's 
120 MHz 
bandwidth 
and selectable gains of 
10, 
100, and 400, without 
need for frequency compen- 
sation, 
make it a very useful circuit 
for memory 
element 
drivers, 
pulse amplifiers, 
and wide band 
linear gain stages. 


The 
LM733 
is specified 
for 
operation 
over the 
_55°C to +125°C 
military 
temperature 
range. The 
LM733C 
is specified for operation 
over the O°C 
to +70°C temperature 
range. 


Features 


• 
120 MHz bandwidth 


• 
250 kSl input 
resistance 


• 
Selectable gains of 10, 100,400 


• 
No frequency 
compensation 


• 
High 
common 
mode 
rejection 
ratio 
at 
high 
frequencies. 


• 
Magnetic tape systems 


• 
Disk file memories 


• 
Thin and thick 
film 
memories 


• 
Woven and plated wire memories 


• 
Wide band video amplifiers. 


Absolute Maximum Ratings 


Differential 
Input Voltage 
±5V 


Common 
Mode Input Voltage 
±6V 


Vcc 
±8V 


Output 
Current 
10 mA 


Power Dissipation 
(Note 1) 
500 mW 


Junction 
Temperature 
+150°C 


Storage Temperature 
Range 
-65°C 
to +150°C 


Operating Temperature 
Range LM733 
_55°C to +125°C 
LM733C 
O°C to +70°C 


Lead Temperature 
(Soldering, 
10 sec) 
300°C 


Electrical Characteristics 
(T A = 25°C, unless otherwise 
specified, seetest circuits, 
Vs = ±6.0V) 


TEST 
LM733 
LM733C 


CHARACTERISTICS 


CIRCUIT 
TEST 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Differential 
Voltage 
Gain 


Gain 
1 
(Note 
2) 
300 
400 
500 
250 
400 
600 


Gain 2 \(Note 
3) 
1 
RL=2kn 
VouT"'3Vp-p 
90 
100 
110 
80 
100 
120 


Gain 3 
(Note 
4) 
9.0 
10 
11 
8.0 
10 
12 


Bandwidth 


Gain 
1 
40 
40 
MH, 


Gain 
2 
2 
90 
90 
MH, 


Gain 
3 
120 
120 
MH, 


Rise Time 


Gain 
1 
VOUT'" 
1 Vp.p 
10.5 
10.5 
ns 


Gain 
2 
2 
4.5 
10 
4.5 
12 
ns 


Gain 
3 
2.5 
2.5 
ns 


Propagation 
Delay 
VOUT'" 
1 Vpop 


Gain 
1 
7.5 
7.5 
ns 


Gain 
2 
2 
6.0 
10 
6.0 
10 
ns 


Gain 
3 
3.6 
3.6 
ns 


Input Resistance 


Gain 
1 
4.'0 
4.0 
kl1 


Gain 
2 
20 
30 
10 
30 
kl1 


Gain 
3 
250 
250 
kl1 


Input 
Capacitance 
Gain 
2 
2.0 
2.0 
pF 


Input 
Offset 
Current 
0.4 
3.0 
0.4 
5.0 
"A 


Input Bias Current 
9.0 
20 
9.0 
30 
"A 


Input 
Noise 
Voltage 
BW= 
1 kHzto 
10 MHz 
12 
12 
iJVrms 


Input 
Voltage 
Range 
1 
!1.0 
±1.0 
V 


Common 
Mode 
Rejection 
Ratio 


Gain 
2 
1 
VcM"'±lV 
f::;:100kHz 
60 
86 
60 
86 
dB 


Gain 
2 
VcM=±lV 
f=5MHz 
60 
60 
d8 


Supply 
Voltage 
Rejection 
Ratio 


Gain 
2 
1 
t:::.Vs= ±O.5V 
50 
70 
50 
70 
dB 


Output 
Offset 
Voltage 


Gain 
1 
1 
RL 
= 00 
0.6 
1.5 
0.6 
1.5 
V 


Gain 
2 and 3 
0.35 
1.0 
0.35 
1.5 
V 


Output 
Common 
Mode 
Voltage 
1 
RL 
"" 00 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 
V 


Output 
Voltage 
Swing 
1 
RL 
"" 2k 
3.0 
4.0 
3.0 
4.0 


Output 
Sink 
Current 
2.5 
3.6 
2.5 
3.6 
mA 


Output 
Resistance 
20 
20 
11 


Power 
Supply 
Current 
1 
RL = 00 
18 
24 
18 
24 
mA 


Differential 
Voltage 
Gain 


Gain 
1 
200 
600 
250 
600 


Gain 
2 
1 
RL'= 
2 kf2, 
VOUT 
'= 3 Vp-p 
80 
120 
80 
120 


Gain 
3 
8.0 
12.0 
8.0 
12.0 


I nput 
Resistance 
Gain 
2 
8 
8 
kU 


1nput 
Offset 
Current 
5 
6 
"A 


Input 
Bias Current 
40 
40 
"A 


Input 
Voltage 
Range 
1 
±1 
±1 
V 


Common 
Mode 
Rejection 
Ratio 


Gain 
2 
1 
VCM::±lV,f~100kHl 
50 
50 
dB 


Supply 
Voltage 
Rejection 
Ratio 


Gain 
2 
1 
bNs'= 
±O.5V 
50 
50 
dB 


Output 
Offset 
Voltage 


Gam 
1 
1 
RL :: 00 
1.5 
1.5 
V 


Gain 
2 and 3 
1.2 
1.5 
V 


Output 
Voltage 
Swing 
1 
RL 
'= 2k 
2.5 
2.B 
Vpp 


Output 
Sink 
Current 
2.2 
2.5 
mA 


Power 
Supply 
'Current 
1 
RL 
'= 00 
27 
27 
mA 


Note 
1: 
The 
maximum 
junction 
temperature 
of 
the 
LM733 
is 150°C, 
while 
that 
of the 
LM733C 
is 100°C. 
For 
operation 


at elevated 
temperatures 
devices 
in the TO-lOa 
package 
must 
be derated 
based 
on a thermal 
resistance 
of 
l50°C/W 
junction 
to ambient 
or 45°C/W 
junction 
to case. 
Thermal 
resistance 
of the 
dual·in·line 
package 
is 100°C/W. 


Note 
2: 
Pins Gl A and 
Gl B connected 
together. 


Note 
3: Pins G2A 
and 
G2B connected 
together. 


Note 
4: 
Gain 
select 
pins 
open. 


Typical Performance Characteristics 


Pulse 
Response 
vs 
Pulse 
Response 
YS 


Pulse 
Response 
Temperature 
Supply 
Voltage 


1.6 
I 


1.6 TT 
I 
I GA'N 2 
1.6 
I I 
Vs=:t6V 
GAIN 2 
1.4 
I I 
TA = 25°C 
1.4 
I I 
I 
I 
I Vs"6V 
1.4 
I I. 
TA = 25°C 


1.2 
I I 


RL = 1 Kn 
~ 
1.2 
I I 


TA=-55 
C RL=1 
Kn 
~ 
1.2 
Vs=:t8V 
"'- -1Kn 
~ 
1.0 
1.0 
~~ 


1.0 
Y 
~ 
GAIN 2 
/ 
~ 
TA = 25°C 
I- TA= 
125°C 
~ 
Vs·.:t6V 
0.8 
~ 
0.8 
>-- TA" 
70°C_ 
~ 
0.8 


~ 


GAIN 3 
GAIN 1 
Vs-±3V 
0.6 
0.6 
0.6 
> 
r/ 
> 
/ 
... 
0.4 
... 
0.4 
... 
0.4 
:> 
:> 
J 
:> 


~ 
0.2 
... 
0.2 
... 
0.2 
J 
:> 
f 
:> 
7 


0 


0 
0 


0 
0 


-11.2 
-0.2 
-0.2 


-0.4 
-0.4 
-0.4 


-15 
-10 
-5 
0 
5 
10 
15 
20 
2530 
35 
-15-10 
-5 
0 
5 
10 15 20 
25 
30 
35 
-15 -10 
-5 
0 
5 
10 15 20 25 30 35 


TIME (ns) 
TIME (ns) 
TIME (ns) 


Differential 
Overdrive 
Phase 
Shift 
vs Frequency 
Phase 
Shift 
vs Frequency 
Recovery 
Time 


0 


"- 
0 
70 
GAIN 2 
"l!!!i Ii:;:: 
Vs-:t6V 
..., 
Vs,,:t6V 


"- 


Vs=:t6V 
-50 
-f- TA '25°C 
60 
TA" 
25°C 
-5 
TA" 
25°C 
\ 
,. 
GAIN 2 


[: 
-100 
;:: 
50 
'- 
~. 
> 
1/ 
... 
'" 
... 
-10 
w 


~ 


~ 
-150 
~ 


40 
7 


-15 
r-. 
~ -200 
30 


~ 
I". 
~ 
GAIN 3 
> 
" 


-250 
Ull 
i 


20 


-20 
/ 


-300 
lWI'il 


2 
10 
•..•17 


-25 
-350 
GAIN 
0 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 
5 
10 
50100 
5001000 
0 
20 
40 
60 
80 100 120 140160180200 


FREQUENCY 
(MH:) 
FREQUENCY 
(MHz) 
DIFFERENTIAL 
INPUT VOLTAGE 
(mV) 


Typical Performance Characteristics 
(Continued) 


Gain vs Frequency 
Gain vs Frequency vs 
Voltage 
Gain 
YS Frequency 
Temperature 
Supply 
Voltage 


60 
60 
60 
~ 
'GAll, 


Vs=:t6V 
; 
Vs=±6V 
~ 
GAIN 2 
- 
TA = 25"C 
50 
RL =, 
Kfl 
50 
fA =25"C 
Z 
50 - 
z 
z 
~ 
RL" 
1 Kn 
~ 
G~IN 2 
~ 
RL = 1 Kn 


40 
40 
40 
~ 
GAIN2 
'" 
II 
'" 
'" 
~ 
~ 
~ 
30 
30 
fA = -55"C 
30 
'\ 
.IGA13 
'\ 
> 
> 
> 
20 
0 
20 - 
0 
20 
0 
~ 
- 
0 
fA 
= 70"C ___ 
0 
0 


~ 


10 
2 
10 
2 
10 
Vs = ±8V 
:!: 
Tj j2,5,"C 
v~ ~ ~6V 
'" 
0 
'" 
0 
0 
2 
2 


in 
in 
TA = 125"C 
in 
Vs=i3V 


-10 
-10 
-10 


1 
5 
'0 
50100 
5001000 
1 
5 
10 
50100 
5001000 
1 
5 
10 
50100 
5001000 


FREOUENCY 
(MHz) 
FREQUENCY 
(MHz) 
FREQUENCY 
(MHz) 


Voltage 
Gain 
vs 


Voltage 
Gain 
vs RADJ 
Voltage Gain vs Temperature 
Supply 
Voltage 


1000 
1.15 
\ 


1.4 


Vs= 
±6V 
~s= 
±6V 
1.3 
fA =25"C 
Z 
fA = 25"C 
1.10 
~ 
2 


I\GAINI 
I 


2 
~ 
~ 
1.2 
~ 
'" 
1.05 
\. 
I 
I 


1.1 
~ 
'" 
'" 
~ 
~ 


1.0 
GAIN 3 
t\. 
1.0 
GAIN 
3 
100 
\, 
n 
.9 - 
> 
> 
j.;"f 
.. 
" 


.95 
; 


> 
\. 
~ 
> 
.8 
GAIN2/' 
;:: 
~ 
~ 


.90 
.7 
1/1 
..•.. 
\ 
IGAI~2 
.6 
c; 
....... 
.85 
\J,.I 
/GAINI 
.5 
I 
I 
10 
- 
.80 
.4 


10 
100 
1k 
10k 
-60 
-20 
20 
50 
100 
140 
3 
4 
5 
6 
7 
8 


RADJ(HI 
TEMPERATURE 
( Cl 
SUPPLY VOLTAGE 
(iV) 


Supply Current, Output 
Voltage 
Output 
Voltage 
Swing 
vs 
and 
Current 
Swing 
vs Supply 
Output 
Voltage 
Swing 
vs 


Frequency 
Voltage 
Load Resistance 


7.0 
24 
6 
7.0 
Vs=±6V 
22 
Vs=±6V 
./ 
Vs"+6V 
"} 
6.0 
TA =25 


vC 
•... 


20 ,..,,~ 
5 
0 
?: 
6.0 
TA" 
25 


cC 
~ 
c 
RL = 1 Kn 
•...- 
18 


.... 
'" 
'" 
5.0 
~.. 
<,'1-"" 
","- 
c 
2 
5.0 
z 
~..5 
16 -r---:~\.~ 
~ 
",,5~'- 
4 
.... 
~ 
~ 
'" 
0 •... 


14 
- 
~<,~ 
<:>\.~~ 
0 
~ 
4.0 
•...2 
'" 
4.0 
2~ 
~-l 
...• 
'" 
~~ 
12 
~~~~<, 
3 ~ .• 
~ 
3.0 
•... 


3.0 
~~ 
10 
0 
~u 
I 
I 
~ 
u'" 
8 
2 
> 
> 
•... 
•... 
2.0 
i~ 
6 
QUTPU1" SINK 
CURREN"":::: 
~ 
~ 
2.0 
~ 
•... 
•... 


1.0 
4 - 
1 
$ 
~ 
1.0 
~ 
::,::.;;.,...- 
I 
0 
0 
2 
~ 
0 
0 
I 
0 
0 
1 
5 
10 
50100 
5001000 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
10 
50100200 
5001k 
5k 
10k 


FREQUENCY 
(MHz) 
SUPPLY 
VOLTAGE 
(Vl 
LOAD 
RESISTANCE 
(n) 


Common Mode Rejection 
Input Noise Voltage vs 
Supply Current and Input 
Ratio vs Frequency 
Source Resistance 
Resistance vs Temperature 
100 
100 
21 
70 
- 
90 
GAIN 
2 
GAIN 
2 
Vs" 
~6V 
0 
Vs" 
±6V 
1 
90 
Vs"±6V 
20 
Gr 
2 


1 


60 
;::~ 
80 
TA 
= 25 C 
;; 
80 
TA 
= 25 


vC 
;X 
./ 
~ 


.3 
BW=10MHz 
oS 
19 
50 
2 
70 
70 
0 
'" 
•... 


SUPPL Y CURRENT 
2 
1./ 
" 
~ 


60 
.. 
60 
18 
•... 
~ 
nl",L~"'r--, 


40 ~ 
50 
0 
50 
~ 
; 
> 
~ 
u 
17 
30 
40 
~ 
.0 
>- 
~~,~ 
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0 
~ 
0 
30 
30 
7 
16 
~"" 
20 ~ 


::E 
~ 
~ 
z 
•... 
~ 
0 
20 
~ 
20 
::E 
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2 
15 


I 


10 
::E 
'0 
~ 
0 
0 
14 
0 
10k 
lOOk 
1M 
10M 
100M 
1 
10 
100 
1k 
10k 
-60 
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20 
50 
100 
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FREOUENCY 
(Hz) 
SOURCE 
RESISTANCE 
(Ill 
TEMPERATURE lOCI 


('I) 
~ ~National 
~ 
~ 
Semiconductor 


The LM903 is a fluid level detector 
circuit 
which measures 
the 
level 
of 
non-inflammable 
fluids 
with 
the 
aid 
of 
a 
thermo-resistive 
probe. A low fluid 
level is indicated 
by a 
warning 
lamp operating 
in continuous 
or flashing 
mode. 
The circuit 
has possible 
applications 
in the detection 
of 
hydraulic 
fluid, oil levels, etc., and may be used with par- 
tially 
conducting 
fluids. 


• 
Flashing 
or continuous 
warning 
indication 


• 
lV-18V 
supply 
range 


• 
80V supply transient 
protection 


• 
Switch 
on reset and delay to avoid transients 


• 
Internal 
regulated 
supply 


• 
Warning 
threshold 
externally 
adjustable 


• 
Short and open circuit 
probe detection 


• 
Separate 
ground 
pins for lamp drive and measurement 
circuit 


• 
600 mA flashing 
lamp current 
drive capability 


Dual-In-Line 
Package 


16 
MEAS INPUT 
• 
MEAS REF V 


2 
15 


MEAS GND 
MEMORY C 
3 
14 


PROBE I REF 
AUX OUTPUT 


4 
13 
PNP BASE 
RAMP R 


5 
12 
PRDBE 
RAMP C 


6 
11 


SUPPLY 
V REG 


7 
10 
START INPUT 
OSC C 


8 
9 
GND 
LAMP DRIVER 


Order 
Number 
LM903N 
See NS Package 
N16E 


Absolute Maximum Ratings 


Supply 
Voltage, 
V6 
18V 
Operating 
Temperature 
Range 
- 
40°C 
to 
+ 80°C 


Start 
Input, 
V7 
18V 
Storage 
Temperature 
Range 
-40°Cto 
+150°C 


Probe 
Current 
Reference, 
V3 
18V 
Maximum 
Junction 
Temperature 
150°C 


Pulse 
Voltage 
to Pins 
3, 6, 7, 9 (Note 
1) 
80V 
-10ms 
Lead 
Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
Supply 
V6 = 12V, TA = - 40°C 
to 
+ 80°C 
unless 
stated 
otherwise. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Supply 
Voltage 
V6 
7 
13 
18 
V 


Supply 
Current 
16 
45 
mA 


Regulated 
Voltage 
V11 
5.54 
6.15 
V 


Regulation 
Temperature 
Drift 
V6 = 7V-18V 
100 
mV 


500 
pV/oC 


Measurement 
Reference 
Voltage 
V16 
790 
900 
mV 


Input Resistance 
R16 
1.2 
kn 


Probe 
Current 
Reference 
Voltage 
V6-V3, 
External 
PNP Connected 
2.0 
2.3 
V 


Overvoltage 
Capability 
V6, 7, 3, 9, 10 ms Pulse 
(Note 
1) 
80 
V 
I 


Starting 
Latch 


High 
Input 
Voltage 
V7 
1.45 
V 


Low 
Input 
Voltage 
V7 
1.1 
V 


High 
Input 
Current 
I" 
V7 < 1.45V 
100 
nA 


Latch 
Holding 
Current 
I" 
Latch 
On 
2.5 
mA 


R'N 
R7, Latch 
On 
22 
kn 


Ramp 


Ramp 
Current 
1'2,7.5 
kn Between 
Pin 13 and 


Ground 


Charging 
V12,OV-W 
-0.6 
-0.85 
-1.1 
mA 


V12,1V-4V 
-60 
-75 
-90 
pA 


Discharging 
V12,4.1V 
700 
575 
450 
pA 


V12,O.5V 
650 
525 
400 
pA 


Ramp 
Thresholds 


Probe Current 
Start 
V12 
0.6 
0.82 
V 


First 
Measurement 
Rising 
Ramp 
0.9 
1.2 
V 


Second 
Measurement 
Falling 
Ramp 
0.9 
1.2 
V 


Alarm 
Level 


(Difference 
Between 
First 
IIV1 
230 
280 
330 
mV 


and Second 
Measurement) 


Auxiliary 
Output 


Output 
for Lamp 
Off 
V14 
6.0 
7.6 
V 


Output 
for Lamp 
On 
V14 
0.7 
V 


Memory 
Comparator 


Leakage 
Current 
1'5' V15 = 2V, V7 = 12V 
3 
pA 


Charging 
Current 
1'5' V15 = 4V, V7 = 12V 
-130 
-70 
pA 


Probe 
Voltages 


Open Circuit 
Detection 
V5 
6 
V 


Short 
Circuit 
Detection 
0.4 
V 


Probe 
Voltage 
Range 
in 
1 
5 
V 


Normal 
Operation 


Oscillator 
Frequency 
3.3 pF from 
Pin 10 to Ground 
1 
2 
Hz 


Pin 1 Leakage 
I, 
3 
nA 


Pin 1 External 
Capacitor 
0.1 
pF 


Lamp Driver 


Saturation 
Resistance 
R9 
2 
n 


Maximum 
Current 
Flashing 
Mode 
600 
mA 


Note 1: Test circuit for overvoltage capability pins 3, 6, 7, 9*. 
12V 


~ 
00- 


~"'~ 


6 
APPLICATION 
CIRCUIT 


OV 


*In lamp on condition, 19must be limited to less than 2A. 


!10"F 


AUXILIARY 
OUTPUT 
LOW LAMP 
ON 
HIGH LAMP 
OFF 


PROBE 
CURRENT 
DRIVER 


RAMP 
GENERATOR 
TIMING 


~+l 
: 
.. 


REGULATED 
POWER 
SUPPLY 


Memory capacitor on pin 15 is set 
High - 
Lamp off 
Low - 
Lamp on 


4.1V 
11 
25ms 
O.7V 
Threshold 


12 
35 ms 
1.0V 
1 st Measurement 


13 
12+1.55 
1.0V 
2nd 
Measurement 


14 
13+ 10 ms 
O.BV 
Measurement 
Latched 


15 
14 +8 
ms 
O.7V 
Probe 
Current 
Off 


Circuit Timing Diagram 


V12 


Circuit Operation 


A measurement 
is initiated 
when the supply 
is applied, 
provided 
the control 
input 
pin 7 is low. Once a measure- 
ment is commenced, 
pin 7 is latched 
low and the ramp ca- 


pacitor 
on pin 12 begins 
to charge. 
After 
25 ms when 
switch-on 
transients 
have subsided, 
a constant 
current 
is 
applied 
to the thermo-resistive 
probe. The value of probe 


current, which is supplied 
by an external 
PNP transistor, 
is 
set by an external 
resistor 
across an internally 
generated 


2V reference. 
The lamp current 
is applied 
at the start of 


probe current. 


35 ms after 
switch-on, 
the voltage 
across 
the probe 
is 
sampled 
and heid on external 
capacitor 
C1 (leakage cur- 


rent at pin 1 less than 1 nA). After a further 
1_5seconds the 


difference 
between 
the present 
probe voltage 
and the ini- 
tial probe voltage 
is measured, 
multiplied 
by 3 and com- 


pared 
with 
a reference 
voltage 
of 
780 mV (externaliy 
adjustable 
via pin 16). If the amplified 
voltage difference 
is 


less than the reference 
voltage 
the lamp is switched 
off, 
otherwise 
the lamp commences 
flashing 
at 1 Hz to 2 Hz. 
10 ms later the measurement 
latch operates 
to store the 
result 
and 
after 
a further 
8 ms 
the 
probe 
current 
is 


switched 
off. 


A second measurement 
can oniy be initiated 
by interrupt- 


ing the supply. An external 
CR can be arranged on pin 7 to 
prevent a second measurement 
attempt 
for 1 minute. The 


measurement 
condition 
stored in the latch will control 
the 


lamp. 


PROBES 


The circuit 
effectiveiy 
measures 
the thermai 
resistance 
of 
the 
probe. 
This 
varies 
depending 
on 
the 
surrounding 


medium 
(Figure 
1). It is necessary 
to be able to heat the 


probe with the current 
applied 
and, for there to be suffi- 


cient change 
in resistance 
with the temperature 
change, 


to provide the voltage 
to be measured. 


Probes require 
resistance 
wire with a high resistivity 
and 


temperature 
coefficient. 
Nickel 
cobalt 
alloy 
resistance 


wires are available 
with resistivity 
of 50 J(flcm and temper- 


ature 
coefficient 
of 3300 ppm which 
can be made 
into 


suitabie 
probes. 
Wires 
used in probes 
for use in liquids 


must 
be designed 
to drain 
freely 
to avoid 
clogging. 
A 
possible 
arrangement 
is shown 
in Figure 
2. 


The probe voltage 
has to be greater than 0.7V to prevent 
short 
circuit 
probe dejection 
iess than 5V to avoid open 
circuit 
detection. 
With a 200 mA probe current this gives a 


probe resistance 
range of 4fl to 25fl. This low value makes 
it possible 
to use the probe in partially 
conducting 
fluids. 


~-..., ~-- 
I 
I 
, 


LAMP OFF OR FLASHING 
DEPENDING ON MEASUREMENT 


Using 
resistance 
wire 
of 50 J(flcm resistivity, 
8 em of 
0.08 mm (40 AWG) give approximately 
8fl at 25°C. Such a 
probe will 
give about 
500 mV change 
between 
first 
and 
second 
measurements 
in air, and 100 mV change with oil, 


hydraulic 
fluid, 
etc., 
in the application 
circuit. 
With 
an 
alarm threshold 
of 280 mV (typ) lack of fluid can readily be 


detected. 
As the probe current, 
measurement 
reference 
and 
measurement 
period 
are all externally 
adjustable, 


there is freedom 
to use different 
probes and fluids. 


Another 
possibility 
is the use of high temperature 
coeffi- 
cient resistors 
made for special 
applications 
and positive 


temperature 
coefficient 
thermistors. 
The encapsulation 
must have a sufficiently 
low thermal 
resistance 
so as not 
to 
mask 
the 
change 
due to 
the 
different 
surrounding 


mediums, 
and the thermal 
time constant 
must 
be quick 


enough 
to enable 
the temperature 
change 
to take place 


between 
the two measurements. 
The ramp timing 
could 
be adjusted 
to assist 
this. Probes in liquids 
must be able 
to drain freely. 


PROBE TEMPERATURE lOCI 


FIGURE 1. Typical Thermo-Resistive 
Probe 
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The basic 
system 
provides 
a single 
shot 
measurement 
when the supply 
is applied 
and has a primary 
application 
in automotive 
oil, hydraulic 
fluid 
and coolant 
monitoring. 
Particularly 
in the case of engine oil level, a valid measure· 
ment is only possible 
before the oil is disturbed. 
The appli- 
cation 
circuit 
shown 
is arranged 
such that the measure· 
ment 
is 
made 
when 
the 
ignition 
is 
switched 
on 
via 
switch 
A. Switch 
B is the oil pressure 
sensor and is closed 
before 
the engine 
starts, 
keeping 
pin 7 low and enabling 
the measurement. 


The 4M7 resistor 
and 10 JLFcapacitor 
connected 
to pin 7 
provide 
the restart 
protection. 
When 
oil pressure 
builds 
up, 
switch 
B opens 
and 
the 
10 JLF capacitor 
charges 


through 
the bulb. At switch-off, 
the capacitor 
discharges 
slowly 
and is capable 
of preventing 
a low state on pin 7 for 
1 minute. 
Unless pin 7 is low, a new measurement 
can not 
be made and the previous 
measurement 
result 
stored 
in 
the 
memory 
capacitor 
on pin 15 is used 
to control 
the 


output. 


The pin 15 memory 
output 
goes high if a correct 
measure- 
ment 
is made (lamp off). If the power 
is removed, 
pin 15 
leakage 
is less than 
3 JLAand the memory 
status 
is re- 
tained 
for some time. Provided pin 15 voltage 
does not fall 


below 
3V, the 
memory 
capacitor 
will 
be refreshed 
on 
powering 
up again. 
There 
is no internal 
pull 
down 
on 
detecting 
an incorrect 
measurement. 
If it is required 
to use 
pin 15 as an output 
indicating 
the measurement 
result, an 
external 
pull down resistor 
and buffer 
will be required. 


The lamp can be arranged 
to light 
continuously 
by disa- 
bling 
the oscillator 
with 
a resistor 
of 150k or less, con· 
nected 
between 
pins 10 and 11. 


Measurements 
may be repeated 
by strobing 
the supply to 
pin 6. The probe current 
regulator 
transistor 
must have the 
same 
supply 
as pin 6, but the warning 
lamp can be per- 


manently 
powered. 
The lamp will 
light during 
each meas- 
urement 
and will 
flash 
in between 
measurements 
when 
incorrect 
conditions 
are detected. 


Gas flow detection: 
The cool ing effect of gas flowing 
over 
a probe could be used to provide a warning 
signal from the 


LM903 in the event of gas failure. 


Automatic 
top up: With the LM903 strobed 
continuously, 


the 
output 
may 
be stored, 
buffered, 
and 
used 
to drive 
solenoid 
valves to correct 
a fluid 
level as required. 


~ 
0) '?A National 
~ 
~ 
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PRELIMINARY 


The LM909 is a remote control 
receiver and decoder for fre- 
quencies 
up to 40 MHz. The circuit 
consists 
of an RF am- 
plifier, AGC, detector, 
phase lock loop for tone decoding, 
level detection 
and switching 
to push·pull 
output 
stages 
suitable 
for driving 
smail 
motors 
directly. 
The circuit 
can 
be optimized 
for use with various 
modulation 
schemes 
by 
adjusting 
external 
PLL and demodulation 
filter 
compo- 
nents. This device 
is especially 
suited 
to low cost model 
control 
applications. 


• 
Good RF sensitivity 


• 
PLL tone demodulator 


• 
Large AGC range 


• 
Outputs 
capable 
of 
1A surges 
and 
0.6A 
continuous 
operation 


• 
Wide supply 
voltage 
range 


• 
Internally 
stabilized 
supply 


• 
Flip-flop 
defines 
reference 
on PLL 


• 
Four functions-e.g., 
left/right, 
forward/reverse 
capability 


• 
Thermal 
shutdown 
overload 
protection 


T1 Primary 
lOT 
Secondary 
4T 


T2 Primary 
12T 
Secondary 
2T 


5mm Former 


·100-910 
for better stability and when 
using an Ie socket, see Application 
Notes. 


Absolute Maximum Ratings 


SupplyVoltage(Pin 
17) 
14V 


RF Input Voltage 
(Pin 7) 
1 Vp·p 


Power Dissipation 
(Note 1) 
2W 


Operating 
Temperature 
Range 
O·Cto + 70·C 


Maximum 
Junction 
Temperature 
150·C 


Storage 
Temperature 
Range 
- 65'C to + 150'C 


Lead Temperature 
(Soldering, 
10 seconds) 
300'C 
Electrical Characteristics Vs = 9V, TA = 25·C unless 
otherwise 
stated. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


V17 
Supply 
Voltage 
Range 
5 
9 
14 
V 


117 
Supply 
Current 
116= 0, 113= 0 (Note 2) 
45 
60 
mA 


V9 
Internally 
Regulated 
Voltage 
2.6 
2.8 
3.0 
V 


Internal 
Line Regulation 
V17 = 5V to 14V 
9 
mVIV 


RECEIVER 
AND AGC CIRCUIT 


V7 
RF Input 
Sensitivity 
Pin 7 
f = 27 MHz, 100% 
Mod, 1 kHz 
15 
,.Vrms 
(Note 3) 


R7 
Input 
Resistance 
Pin 7 
f=27 
MHz 
1.2 
kO 


C7 
Input 
Capacitance 
Pin 7 
10 
pF 


V6 
Input 
Sensitivity 
Pin 6 
As for Pin 7 
120 
,.Vrms 


R6 
Input 
Resistance 
Pin 6 
2.2 
kO 


C6 
Input 
Capacitance 
Pin 6 
7 
pF 


tN7 
AGC Range 
For 10 dB Output 
Change 
50 
dB 
f = 27 MHz, 100% 
Mod, 1 kHz 


V12 
Demodulated 
Output 
100% 
Mod, 1 kHz 
@ 200 ,.Vrms 
RF 
100 
mVp·p 


VCO 


f3 
Free Running 
Frequency 
CP1N3 = 10 nF, RplN 3 = 33k 
11 
kHz 


Tuning 
Range 
@ fo=11 
kHz, CPIN3=10 
nF 
±2 
kHz 


RplN 3 = 22 kO to 44 kO 


Frequency 
Drift 
with 
fo=11 
kHz 


Supply 
Voltage 
V17 = 5V to 14V 
0.1 
%IV 


Control 
Sensitivity 
fo=11 
kHz 
1.7 
kHzlV 


Frequency 
Drift 
with 
Temperature 
Range O'C to 70'C 
4 
Hz/·C 
Temperature 


PLL 


6112 
Capture 
Range 
V12 = 100 mVp·p, 
fo = 5.5 kHz 
±800 
Hz 
(VCO = 11 kHz) 


Af12 
Holding 
Range 
V12 = 100 mVp·p, 
fo = 5.5 kHz 
±1000 
Hz 


(VCO = 11 kHz) 


Recovered 
Signal 
at 
Pin 12 = 5.5 kHz, 100 mVp·p 
1.2 
Vp·p 
R,in 2 (Loop 
Filter) 
± 600 Hz Deviation 


V2 
DC Level Pin 2 
2.5 
2.75 
3.0 
V 


DECODER 


V2 
Pin 2 Threshold 
for Pin 1 
2.45 
V 
Sourcing 
Current 


V2 
Pin 2 Threshold 
for 
3.05 
V 
Pin 18 Sourcing 
Current 


11•18 
Pin 1, 18 Charge 
Current 
600 
,.A 


R1,18 
Internal 
Discharge 
6.5 
kO 


Resistance 
of 


Pins 1 and 18 


Parameter 


OUTPUT 
STAGES 


V1 
Threshold 
Voltage 
for 


V16 Low 


V18 
Threshold 
Voltage 
for 


V16 High 


V1, 18 
Threshold 
Voltage 
for 


V13 Low 


V1,18 
Threshold 
Voltage 
for 


V13 High 


R13,16 
Output 
Resistance 
V13, 


V16 High 


R13, 16 
Output 
Resistance 
V13, 


V16 Low 


Min 
Typ 
Max 
Units 


0.35 
V 


0.35 
V 


1.5 
V 


2.75 
V 


2 
0 


0 


Note 1: Above 25°C ambient, derate based on lJ(max} = 15DoC and a thermal 
resistance 
of 85°C/W, junction 
to ambient. 


Note 2: The supply current is virtually 
constant over the 5V-14V supply range (no signal conditions). 


Note 3: For 50 mVp-p recovered audio at pin 12 and RF input terminated 
in 50n. 
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FIGURE 
2. 
Demodulated 
Output 
vs RF Input 
FIGURE 
3. 
PLL Transfer 
Characteristics 
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FIGURE 
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Voltage 
vs Supply 
Voltage 
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4. VCO Supply 
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Application Notes 


TYPICAL 
SYSTEM 


The 
receiver 
application 
circuit 
shown 
has 
values 
de- 
signed 
for 
use 
with 
the 
following 
transmitter 


specification: 


There 
then 
follows 
a fixed 
gain 
block 
and detector, 
with 
the demodulated 
audio 
tone 
available 
at pin 12. 


The FSK modulated 
5.5 kHz signal 
is internally 
applied 
to a 
phase detector 
forming 
part of a PLL with the 11 kHz VCO. 


A reference 
signal 
for the phase 
detector 
is derived 
from 
the VCO via a bi-stable 
circuit. 
The FSK waveform 
is avail- 
able 
at pin 2 across 
the 
loop 
filter 
capacitor. 
A positive 


deviation 
of 
greater 
than 
0.3V 
causes 
the 
integrating 


capacitor 
on pin 1 to be charged. 
A similar 
negative 
devia- 
tion 
causes 
the 
capacitor 
on pin 
18 to be charged. 
The 
voltage 
levels at the integrating 
capacitors 
are decoded 
to 


determine 
the output 
states, 
as shown 
in Table 
I. 


As illustrated 
in the Schematic 
Diagram, 
NPN transistors 
are used in the high current 
output 
stages, 
hence 
the out- 


put 
voltage 
excursion 
is limited 
to 
approximately 
0.3V 
above 
ground 
in one direction 
and 1V below 
the positive 
supply 
in the other. The supply 
may also be split 
unequally, 


e.g., 6V and 3V. 


f RF 27 MHz 
f TONE 
5.5 kHz, 100% 
modulation-square 
wave 
M TONE 
± 600 Hz FSK @ 160 Hz with 
possible 
100%, 


60% 
or 30% 
duty 
cycles 


A simple 
tone generator 
can readily 
be arranged 
using 
the 


LM556 (dual LM555) timer 
IC as shown 
in Figure 
8. The fre- 
quency 
modulalion 
of the tone 
controls 
one output 
func- 


tion. 
The duty 
cycle 
of the tone 
keying 
controls 
the other 


function. 


PRINCIPLE 
OF OPERATION 


The RF signal 
from the aerial 
is AC coupled 
via a tuned 
cir- 


cuit 
to the single 
ended 
input 
at pin 7. The signal 
is then 


processed 
in a gain stage with AGC whose 
output 
(at pin 8) 


can be fed to the RF input (pin 6) via a further 
tuned 
circuit. 


LEFT 
CENTER 
RIGHT 
r - 
- 
- 


Duty Cycle Generator 


100% 
65% 
L+ R at 150 Hz typ 


25%-center 


Tone Generator 


10= 5.5 kHz-stop 


.6f= ± 600 Hz-forward/backward 


FIGURE 
8. 
FSK System 
Using 
LM556CN 


TABLE 
I. DECODE 
FUNCTION 
TABLE 


Integrator's 
Threshold 
States 
of Output 
Frequency 
of 
Deviation 
Possible 
Functions 


Voltages 
Stages 
Modulation 
Duty Cycle 
Pin 16 = Forward/Reverse 


VPin 1 
VPln 18 
Pin 13 
Pin 16 
kHz 
@f=160 
Hz 
Pin 13 = Right/Left 


<0.3 
<0.3 
0 
0 
5.5 
0% 
Stop 


<0.3 
0.4<V<1.5 
0 
1 
6.1 
30% 
Reverse 


0.4< V< 1.5 
<0.3 
0 
-1 
4.9 
30% 
Forward 


1.6<V<2.7 
<0.3 
-1 
-1 
4.9 
60% 
Forward 
and Left 


<0.3 
1.6<V<2.7 
-1 
1 
6.1 
60% 
Reverse 
and Left 


>3.0 
<0.3 
1 
-1 
4.9 
100% 
Forward 
and Right 


<0.3 
>3.0 
1 
1 
6.1 
100% 
Reverse 
and Right 


Symbols 
Output 
States 


0 
Off 


1 
Source 
Current 


-1 
Sink Current 
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LM10141LM1014AMotor Speed Regulator 


The LM1014 is a monolithic 
integrated 
circuit 
specifically 
designed 
to provide a low cost motor speed regulator 
for 
low voltage 
DC motors. 


• 
Externally 
selectable 
temperature 
coefficient 


• 
Remote 
pause control 


• 
Saturation 
voltage 
O.1V 


• 
Motor 
connected 
to 
ground 
for 
ease 
of 
RF 
suppression 


• 
Motor torque 
compensation 


• 
Low current 
consumption 
• 
5V to 20V operating 
voltage 
range 


• 
Short 
circuit 
protection 


SHORT 


CIRCUIT 


DETECTOR 


VIJQ'C21III~ 
IQIIIIJCIGHUIC 
11GUIHC 
~ .•.v ~.....- . v 
••.•• 


Storage Temperature 
Range 
-65to 
+150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical 
Characteristics 
(Note 1) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 
Comments 


Suppiy 
Voltage 
Range 
5.0 
20.0 
V 


Suppiy 
Current 
Current 
into 
Pin 6 
6.0 
8.0 
mA 


Reference 
Voltages 
Pin 2 and 3 Open 
0.93 
V 
-1.0 
mV/·C 


Pin 2 Gnd, Pin 3 Open 
1.13 
V 
-0.3 
mV/·C 


Pin 2 Open, Pin 3 Gnd 
1.33 
V 
0.3 mV/·C 


Pin 2 and 3 Gnd 
1.53 
V 
1.0 mV/·C 


Line Regulation 
of 
Vs=5V 
to Vs=20V 
2.0 
% VREF 
LM1014 


Reference 
Voltage 
Pin 1 
1.0 
% VREF 
LM1014A 


Remote 
Stop 
Current 
into 
Pin 4 When 


Current 
Grounded 
125 
200 
p.A 
Note 2 


Output 
Current 
Vs=5V 
15 
40 
mA 
Current 
into 


Al 
Pin 1 Gnd 
Pin 7 


Short 
Circuit 
Rl = 10 
1.4 
A 
Note 3 


Current 
Limit 


Motor 
Sense 
Rl = 10, R2 = 200n 
Current 
Deviation 
Current 
into 
Pin 1:11 
(ll/1m-l) 


Exclusive 
of 
External 


Components 
Tolerances 


± 1.5 
% 
LM1014A 


±3.0 
% 
LM1014 


Note 1: Unless otherwise 
specified, 5V<;VS"20V 
and -15 "C<;TA"S5 "C. 


Note 2: The remote stop is activated 
by grounding pin 4. The motor restarts after disconnection 
of the ground connection. 


Note 3: The current limit is set by resistor R1, Le., 1~1.4V/R1.When the output current exceeds this limit, the drive to the output transistor is switched off by a 
latch circuit. The motor can only be restarted after interruption of the supply voltage. 


3. Four selectable temperature coefficients 
by ground- 


ing pin 2 and/or pin 3 for temperature compensation of 
motor characteristic. 


4. Parameter of the motor 
used for the test 
results 


shown below: 
RM = 16.30 and 
back 
e.m.!.= 3.25V 
@ 
2000 r.p.m.; 


torque constant 5.9 mAlmNm; External components: 
R1=1O Cu, R2= 2000 and R3=16 kO;VREF=1.13V(pin 
2 grounded); CaE= 2.2 I'F and C3 = 0.47 I'F. 


R3 
R1 R3 


VM=VREF(1 +-)+IM-- 
R4 
5R2 


2. R1 R3/5R2 must be equal to dynamic motor winding 


resistance RM in order to keep the speed constant dur- 
ing load torque variations. 


Parameter 
Conditions 
Max 


Motor Speed Deviation 
Vs=5V 
to 10V 
±0.5% 


(Voltage) 
Vs=5V 
to 20V 
±1.0% 


Motor Speed Deviation 
IM=25 
mA to 125 mA 
±1.0% 


(Load) 


Motor Speed Deviation 
T= +5'C 
to +35'C 
1.0% 


(Temperature) 
T=-15'Cto 
+55'C 
3.0% 


REFERENCE VOLTAGES 
{ 


Order Number LM1014N 
or LM1014AN 
See NS Package N10B 


~National 
~ 
Semiconductor 


LM1801 Smoke Detector 


General 
Description 


The LM 1801 is designed to provide the functions 
of an 


ionization 
type 
smoke detector 
as specified by UL217. 


Though primarily 
designed to operate from a 9V alkaline 


battery, 
provision 
is made' for 
operation 
at supplies up 


to 14V and for line operation. 


Low battery 
threshold, 
alarm threshold, 
hysteresis and 


stand-by 
current 
drain 
are externally 
programmed 
by 


resistors. 
The 
LM1801 
includes 
a 
power 
transistor 


capable of 
directly 
driving 
a typical 
85 dB horn. The 


ionization 
chamber requires an external FET buffer. 


A parallel 
alarm output 
is provided 
to enable up to 8 


similar 
detectors 
to 
be connected 
in parallel. 
In this 
mode, a fault on the line cannot prevent local operation. 
The 
low 
battery 
alarm signal is confined 
to the local 


unit. 


A 6V regulated output 
is provided for the chamber and 


FET supply and a second output 
with a different 
temper- 
ature 
coefficient 
is available 
for 
the alarm 
threshold 


potentiometer. 
This allows compensation 
of JFET drift. 


• 
UL component 
recognized 


• 
9V to 14V operation 


• 
Direct drive to horn 


• 
Clamp diodes on chip 


• 
Internal zener for line operation 


• 
JFET and MOSFET compatible 


• 
Parallel alarm capability 


• 
Low stand-by current drain 


• 
Domestic smoke detectors 


• 
Line operated smoke detectors 


• 
Gas detectors 


• 
Intrusion 
alarms 


• 
Battery operated detectors 


LOWBATIERY 
OETECTOR 
AND OSCILLATOR 


REF 


Supply 
Voltage 
Input 
Voltage 


Input 
Differential 
Voltage 


Power Dissipation 
(Note 
1) 


Operating 
Temperature 
Range 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 seconds) 


'14V 


-{).3V 
to 14V 


±14V 


300 mW 


O°C to +70°C 


-65°C 
to +125°C 


300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Comparator 


Input 
Offset 
Voltage 
3 
15 
mV 


Input 
Bias Current 
3 
10 
nA 


Input 
Offset 
Current 
0.5 
3 
nA 


Pin 6 Output 
Low 
ISINK 
= 100J1A 
1.5 
2.0 
V 


Output 
Stage (Pin 8) 


Leakage Current 
45 
500 
nA 


Saturation 
Voltage 
18 = 200 mA 
0.9 
1.3 
V 


Saturation 
Voltage 
18 = 500 mA 
1.8 
V 


Common 
Alarm 
Line (Pin 10) 


Drive Capabilities 
V4> 
V5 


Output 
Voltage 
High 
6.0 
6.5 
V 


Output 
Current 
Vl0 
= O.OV 
4.0 
6.5 
mA 


Driver 
Requirements 
V5> 
V4 


Input 
Vol tage 
3.6 
V 


Input 
Current 
V8 = 1.5V, 
18 = 200 mA 
0.4 
mA 


Regulator 


Pin 2 Reference 
Voltage 
12 = 1 J1A 
5.4 
5.8 
6.4 
V 


Temperature 
Coefficient 
5 
mVt'C 


Pin 3 Reference 
Voltage 
12=13=1J1A 
4.8 
5.3 
5.8 
V 


Temperature 
Coefficient 
7 
mVfC 


Battery 
Check Oscillator 


Threshold 
Voltage 
(Pin 12) 
5.5 
6.0 
6.5 
V 


Period 
VCC = 7.5V, 
Cl = 10 J1F 
28 
42 
50 
Sec 


Beep Pulse Width 
VCC= 
7.5V, 
Cl 
= 10J1F 
30 
ms 


Supply 
Current 
(Note 3) 
7 
9 
J1A 


Zener Clamp Voltage, 
V9 
19= 1 mA 
14 
14.5 
17 
V 


Note 
1: 
For operating at elevated temperatures, the device must be derated based on a 12SoC 
maximum junction temperature and a thermal 
resistance of 18~C/W 
junction 
to ambient. 


Note 
2: 
RSET 
= 10 Mn, 
VCC = 9V, TA = 25°C, 
(Figure Ii. 


Note 
3: 
Stand-by 
mode. 
JFET 
is biased 
for IDS = 11J.A. 


inally 
6 times the set current 
at pin 
1. The voltage at 


pin 1 is 2 diode drops below the positive supply voltage. 
The total 
stand-by current 
drain of the smoke detector 


will 
include, 
in addition 
to the above, the current drawn 


by the external 
circuits 
connected at pins 2, 3 and 12. 


These comprise the resistive dividers used to set the low 
battery 
threshold 
and 
alarm 
threshold 
plus 
the 
bias 


current 
in 
the 
ionization 
chamber 
and 
FET 
buffer. 


Hysteresis 
can 
be provided 
by 
R5, 
giving 
an added 


degree of 
noise immunitY 
in high noise environments. 


Figure 
2 is a suggested PC board layout for the circuit 
of 
Figure 
1. 


The low battery thresholdissetby 
R1 and R2 (Figure 
1). 
Select these values so that the voltage at pin 12 is equal 
to the oscillator 
trip voltage when the battery voltage is 


Parallel operation 
of 2 or more units is easily achieved 


with 
a pair of wires connecting 
pin 10 of each unit and 


ground. In this mode, every alarm will sound should any 
single unit detect smoke. 


TO COMMON 
ALARMS 
J 


lOW 
BATTERY 
DETECTOR 
AND 
OSCILLATOR 


REF 


9V + 
MAllORY 
MN1604 -=- 


PANASONIC 
006P -=- 


OR eQUIVALENT 


TO 
COMMON 


ALARMS 


LEO 
1 
NSl5020 


~~ 


Cl 
+ 
10jJF 


C2 
+ 


100jJF~ 


RA 
CLAIREX 
CL·7905 


~National 
~ 
Semiconductor 


The LM1812 is a general 
purpose 
ultrasonic 
transceiver 
designed 
for use in a variety of ranging, 
sensing, and com- 
munications 
applications. 
The 
chip 
contains 
a pulse- 
modulated 
class 
C transmitter, 
a high 
gain 
receiver, 
a 
pulse modulation 
detector, 
and noise rejection 
circuitry. 


A single 
LC network 
defines 
the operating 
frequency 
for 
both the transmitter 
and receiver. The class C transmitter 
output 
drives 
up to 1A (12W) peak at frequencies 
up to 
325 kHz. The externally 
programmed 
receiver 
gain 
pro- 
vides a detection 
sensitivity 
of 200 !,Vp-p. Detection 
cir- 
cuitry 
included 
on-chip 
is capable 
of rejecting 
impulse 


noise 
with 
external 
programming. 
The detector 
output 


sinks 
up to 1A. 


Applications 
include sonar systems, 
non-contact 
ranging, 
and acoustical 
data links, in both liquid and gas ambients. 


• 
One or two-transducer 
operation 


• 
Transducers 
interchangeable 
without 
realignment 


• 
No external 
transistors 


• 
Impulse 
noise rejection 


• 
No heat sinking 


• 
Protection 
circuitry 
included 


• 
Detector 
output 
drives 1A peak load 


• 
Ranges in excess of 100 feet in water, 20 feet in air 


• 
12W peak transmit 
power 


• 
Liquid 
level measurement 


• 
Sonar 
• 
Surface 
profiling 


• 
Data links 
• 
Hydroacoustic 
communications 


• 
Non-contact 
sensing 


• 
Industrial 
process 
control 
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MOTOR 


719YXA-A018YSU· 
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.------ 


L6 
C13 
250 "F 
+16Y 


______ 
1:10 


~470"F/16Y 


~ON 


tNote: 
Echo returns 
are displayed 
by a neon lamp on a motor 
driven disc. Connections 
to the neon are made through 
brushes 
and slip rings. 


Rotating 
with and counterbalancing 
the neon lamp is a permanent 
magnet 
whose field induces 
a pulse in a stationary 
coil (LB) as it passes by. 


This pulse keys the LM1812's transmitter . 


.•Available 
from Toka America, 
Inc., 5520 West Touhy Avenue, Skokie, 
Illinois 
60077 Tel. (312) 677·3640 


"" Available 
from Massa Products 
Corporation, 
280 Uncoln 
Street, 
Hingham, 
Massachusetts 
02043 Tel. (617) 749·4800 


FIGURE 
1. 200 kHz Depth 
Sounder, 
5 Feet to 100 Feet 


9-77 


Peak Current 
(Pins 6, 14) 


Input Current 
(Pins 4, 8) 


Operating 
Temperature 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


1A 


50mA 


O'Cto70'C 


-65'Cto 
+150'C 


300'C 


Electrical Characteristics (V+ = 12V, TA = 25'C, 
unless 
otherwise 
noted) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Input 
Sensitivity 
Figure 2 
200 
600 
I'Vp-p 


Transmitter 
Output, 
VSAT 
16=1A 
1.3 
3 
V 


Transmitter 
Output 
Leakage 
V6=36V 
0.01 
mA 


V8=OV 


Detector 
Output, 
VSAT 
114=1A 
1.5 
3 
V 


Detector 
Output 
Leakage 
V14=36V 
0.01 
1 
mA 


Transmitter 
Key Threshold 
18=1 mA 
0.55 
0.7 
0.9 
V 


Supply 
Current 
11+ 112 
5 
8.5 
20 
mA 


Receive 
Mode 


V8 for Receive 
Mode 
0.3 
V 


Maximum 
Operating 
Frequency 
Transmit 
Mode 
200 
325 
kHz 


Note 
1: For operating at high temperatures, 
the LM1812 must be derated based upon a 125"C maximum junction temperature 
and a thermal resistance 
of 


1200 
C/W 
which applies for the device soldered in a printed circuit board and operating in a still air ambient. Due to the low duty cycle operation, only a small 


average power is dissipated 
in the package. 


f1N=200 
kHz 


Input sensitivity = minimum VIN for VQ to go low 


•••• 
Application Hints 
s:-r. 
EXTERNAL 
COMPONENT 
DESCRIPTIONS 
co 
Pin 
Component 
Typical 
Values 
Pin Description 
Component 
Function 
-r. 
N 


1 
L1, C1 
500 ",H-50 
mH 
Second 
gain stage 
outputl 
Set the operating 
frequency 
(fo) for 


250 pF-2.2 
nF 
transmitter 
oscillator 
the transmit 
oscillator 
and receiver 


2 
C2 
500 pF-10 
nF 
Second 
gain stage 
input 
Couples 
first 
and second 
gain stage 


3 
R3 
5.1 kG 
First 
gain stage 
output 
Terminates 
emitter-follower 
output 


4 
C4 
100 pF-10 
nF 
First 
gain stage 
input 
Input 
coupling 
for the first 
gain stage 


6 
L6 
50 ",H-10 
mH 
Transmitter 
output 
Matches 
LM1812 to the transducer 


7 
- 
- 
Transmitter 
driver 
- 


8 
R8 
1kG-10kG 
Transmitter 
key 
Current 
limiter 
for keying 
pulses 
up to 12V 


9 
C9 
100 nF-10 ",F 
Receiver 
second 
stage 
delay 
Sets the receiver 
turn·on 
delay 
after 


transmit 
(Figure 
10) 


11 
C11 
220 nF-2.2 
",F 
Detector 
output 
duty cycle 
limit 
Limits 
the duty 
cycle 
of the detector 


output 
(short 
to ground 
to defeat) 


13 
C13 
100 ",F-1000 
",F 
Transmitter 
supply 
decoupling 
Decouples 
the transmitter 
power 
supply 


14 
T14 
Lp2:50 
mH 
Detector 
output 
Drives 
neon display 
lamp 


Ns/Np=10 


16 
- 
- 
Output 
driver 
- 


17 
R17, C17 
22k-Open 
Pulse 
integrator 
Controls 
integration 
time 
constant 


10 nF-10 
",F 
(Figure 
13) 


18 
C18 
1 nF-100 
",F 
Pulse 
integrator 
reset 
Controls 
integrator 
reset time 
constant 


(Figure 
14) 


The most common 
transducer 
used with the LM1812 is the 
piezo-ceramic 
type which 
is electrically 
similar 
to a quartz 
crystal. 
Piezo-ceramic 
transducers 
are 
resistive 
at only 
two frequencies, 
termed 
the resonant 
and anti resonant 
(fr, 
fa) 
frequencies. 
Elsewhere 
these 
transducers 
exhibit 
some 
reactance 
as shown 
in Figure 
3. 


FIGURE 
3. 
Phase 
and Magnitude 
of Transducer 
Impedance 


For 
transmitting 
(to 
maximize 
electrical 
to 
mechanical 
efficiency), 
the transducer 
should 
be operated 
at its reso- 
nant frequency. 
For receiving 
(to maximize 
mechanical 
to 
electrical 
efficiency), 
optimum 
operation 
is at antireso- 
nance. 
In two-transducer 
systems 
the resonant 
frequency 
of the transmit 
transducer 
is matched 
to the anti resonant 
frequency 
of the receiver. 


The LM1812 is primarily 
used with a single 
transducer 
per- 
forming 
both transmit 
and receive 
functions. 
In this mode, 


maximum 
echo sensitivity 
will occur 
at a frequency 
close 
to resonance. 


Transducer 
ringing 
is 
a 
troublesome 
phenomenon 
of 
single 
transducer 
systems. 
After 
a transducer 
has been 
electrically 
driven 
in the transmit 
mode, 
some 
time 
is re- 
quired 
for the mechanical 
vibrations 
to stop. 
Depending 
on the amount 
of damping, 
this ringing 
may last from 10 to 
1000 cycles. 
This 
mechanical 
ring 
produces 
an electrical 
signal 
strong 
enough 
(> 200 ",Vp-p) to hold 
the detector 
ON, thus 
masking 
any echo signals 
occurring 
during 
this 
time. 


A solution 
to this 
ring problem 
is to vary the receiver 
gain 
from 
a minimum, 
just 
after transmit, 
to a maximum, 
when 
the ring signal 
has dropped 
below 
the fUll-gain 
detection 
threshold. 
Since 
near-range 
echo 
signals 
are 
much 
stronger 
than 
ring 
signals, 
close 
echoes 
will 
still 
be 
detected 
in spite 
of the reduced 
gain. 


The gain is varied by attenuating 
the signal 
between 
pins2 
and 3 of the LM1812. Figure 
4 shows 
such an arrangement. 
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The output 
transformer 
(L6) is designed 
with 
the 
aid of 
Figure 
6. Curves 
are shown 
for two common 
frequencies: 
40 kHz 
and 
200 
kHz. 
For 
a given 
load 
impedance 
(RT, 
Figure 3b), a turns 
ratio for L6 is determined. 
In order not to 
exceed 
the transducer's 
specifications, 
the peak-to-peak 
output 
voltage 
may 
need 
to 
be 
adjusted 
using 
the 
equation: 


An externally 
generated 
12V pulse 
(Figure 
17) keys 
the 
transmitter 
and 
activates 
the 
attenuator. 
This 
pulse 
charges 
C to a voltage 
set by P8, turning 
the FET OFF. C 
slowly 
discharges 
through 
R, decreasing 
the gate voitage, 
which 
in turn 
decreases 
the 
attenuation 
of 
the 
signal 
passing 
from pin 3 to pin 2. Rand C are selected 
so that the 
FET is not completely 
turned 
ON until 
all detectable 
ring- 
ing has stopped. 
The duration 
of the ring is rarely specified 
by the transducer 
manufacturer 
and must 
be experimen- 
tally 
determined. 


When 
designing 
an 
ultrasonic 
ranging 
system, 
three 
transducer 
parameters 
are very important: 


1) resonant 
impedance 
(RT in Figure 
3b) 
2) maximum 
peak-to-peak 
voltage 
3) resonant 
frequency, 
fr 


This 
data, 
used 
in conjunction 
with 
the 
curves 
given 
in 
Figure 
6, results 
in 
a functional 
output 
stage 
design. 


To ensure 
that 
the output 
stage 
is not overloaded, 
a cur- 
rent measurement 
must 
be made 
at pin 6. While 
the first 
few pulses 
of each transmit 
period 
may reach 2A or 3A, the 
steady-state 
current 
spikes 
must 
not exceed 
1A. Current 
spikes 
are reduced 
by decreasing 
the turns 
ratio 
of L6. 


The secondary 
of L6 tunes 
with 
C6 at the operating 
fre- 
quency, 
fo. 


The transmitter 
(Figure 
5) consists 
of an oscillator, 
a 1 itS 
one-shot, 
and a power 
amplifier. 


When the transmitter 
is keyed ON at pin 8 the L1-C1 tank is 
switched 
to the oscillator 
mode. 
An on-chip 
1 itS one-shot 
is triggered 
with 
each cycie 
of the oscillator 
and, in turn, 
drives 
a power 
amplifier. 
This one-shot 
has a reset time of 
2 itS, limiting 
the maximum 
operating 
frequency 
to about 
325 kHz. A transformer 
couples 
the transducer 
to the out- 
put stage. 


The 
oscillator 
frequency 
is 
set 
by 
L1-C1 and 
can 
be 
calculated 
from 


<> 
6:1 
~ 
5:1 
'"z 
4:1 
'"=>•... 


3:1 
'1 
~I~ 
2:1 


1:1 


./ 
20~ kH~ 


I 
I 


40 kHz 
./ 
./ 


./ 


o 
100 
lk 
10k 


R,-LOAO 
RESISTANCE (n) 
f 
_ 
1 
0-21l'JL1C1 


The L1-C1 tank 
must 
have a minimum 
Rp of 10 kO where 


Rp=21l'foQL1 


and Q = unloaded 
Q of L1-C1 tank. 


FIGURE 
6. 
L6 Turns 
Ratio 
vs Load Resistance 


Where 
additional 
power 
is desired, 
a pulse 
amplifier 
or a 


pulse 
stretcher 
can 
be used 
as shown 
in Figure 
7. The 


pulse 
amplifier 
(Figure 
7a) increases 
output 
current 
up to 


5A. The pulse 
stretcher 
(Figure 
7b) increases 
output 
cur- 
rent 
and 
pulse 
width. 
The 
wider 
pulse 
of 
Figure 
7b is 


especially 
useful 
at lower frequencies 
where the relatively 


narrow 
11's pulse 
creates 
a large peak current 
demand 
for 


a given 
power 
level. 
Pulse 
width 
as a function 
of 
R is 


plotted 
in Figure 
8. 


Pin 8 performs 
the function 
of switching 
the LM1812 into 


either 
the 
transmit 
or receive 
mode. 
When 
pin 8 is held 


high, the chip 
is in the transmit 
mode. When 
held low, it is 


in the receive 
mode. 
The input 
current 
at pin 8 should 
be 


designed 
to operate 
within 
a 1 mA-1O mA range. 


The receiver 
section 
(Figure 
9) contains 
two separate 
gain 
stages. 


In some applications 
large voltages 
are applied 
across 
the 


transducer 
during 
transmit. 
Since 
the 
receiver 
input 
is 


v 
// 


2 
4 
6 
8 
10 


PULSE WIDTH (.5) 


FIGURE 
8. 
Pulse Stretcher 


Resistance 
YS Pulse Width 


coupled 
to the transducer, 
some 
protection 
is necessary 


to limit 
the input 
current 
spikes 
to less than 50 mA. Where 


the voltage 
across 
the transducer 
is less than 200 Vp-p, a 


C4 reactance 
of 5 kO at the operating 
frequency 
is ade- 


quate 
protection. 
Above 200 Vp-p, a 5 kO resistor 
should 
be 
inserted 
in series 
with 
C4. 


Since 
the 
L1·C1 tank 
circuit 
is shared 
with 
the oscillator, 


both 
the 
transmitter 
and 
receiver 
are 
always 
tuned 


to the same 
frequency. 
The second 
stage 
voltage 
gain 
is 


given 
by: 
A-9-N 
v-70,J61 


where a = unloaded a of L1-C1 tank. 


When the LM1812 is in the transmit 
mode, the second 
gain 


stage 
is turned 
OFF. When 
switching 
back to the receive 


mode, the gain stage does not turn ON immediately, 
but in- 


stead 
turns 
ON after 
a slight 
delay 
as programmed 
by C9. 


This delay 
blanks 
the receiver 
(and therefore 
the detector) 


momentarily, 
giving 
the transducer 
time 
to stop 
ringing. 


C4 
0-1 
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ond gain stage 
may be shut OFF independently 
of pin 8 by 


pulling 
pin 9 low. 


Due to the high gain of the receiver, 
care must 
be taken 
to 


avoid 
oscillations. 
Oscillation 
problems 
are reduced 
by 
keeping 
the components 
associated 
with 
pins 1 and 4 well 


separated 
(Figure 
11). The transducer 
must 
be connected 


to the circuit 
with shielded 
cable. This not only helps avoid 


oscillation, 
but also reduces 
electrical 
noise 
pick·up. 
As a 


last 
resort, 
receiver 
gain 
can 
be reduced 
with 
R3 as in 


Figure 
1. 


The 
pulse 
detector 
circuitry 
(Figure 
12) consists 
of five 


distinct 
stages: 
1) threshold 
detector, 
2) pulse 
integrator 


reset, 3) pulse 
integrator, 
4) output 
driver, 5) power 
output 


stage. 


The detector 
(01,02) 
switches 
on all pin 1 signals 
that ex- 
ceed 1.4 Vp-p. Since 
noise 
pulses 
are also detected, 
filter· 


ing is done 
by an integrator 
stage, 
C17 and 
R17, whose 


time constant 
is typically 
10% to 50% of the transmit 
time. 


Integration 
starts 
when 03 turns 
OFF, which 
occurs 
at the 


same moment 
01 and 02 detect 
a signal. 
Pins 16 and 14 go 


low after 
the integration 
delay. 


100 


I; 


10 


'"w> 
~ 


FIGURE 11. Component 
Side of Layout Showing 


Isolation 
of Receiver Input and Output 


When 
the voltage 
at pin 1 becomes 
too small 
to activate 


the detector 
« 
1.4 Vp-p), the integrator 
is reset by 03 after 


a delay 
introduced 
by C18. A delay 
of 1 to 10 cycles 
of the 
transmitted 
frequency 
is typical. 
These 
integration 
and 
reset 
delays, 
as a function 
of 
the 
external 
component 


values, 
are shown 
in Figures 
13 and 14. 


Pin 16 provides 
a CMOS 
compatible 
logic output. 
For driv· 


ing high·intensity 
displays, 
pin 14 will sink up to 1A. When 
driving 
a transformer 
such as T14 in Figure 
1, it is possible 


for the primary 
current 
to integrate 
up to destructive 
levels 
under 
conditions 
of 
multiple 
echo 
reception. 
Pin 11 is 
employed 
to 
protect 
the 
power 
output 
(pin 
14). C11 in- 
tegrates 
an internal 
current 
source 
while 
pin 14 is low. 
When V11 reaches 
a 0.7V threshold, 
the second 
gain stage 


is turned 
OFF. With 
the receiver 
OFF, no signal 
will 
be ap- 
plied to the detector, 
and pin 14 will turn OFF. After another 
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FIGURE 
13. Integration 


Delay 
vs C17 
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delay 
C11 is discharged 
and the receiver 
is then again 
ac- 


tivated. 
With 
C11 = 680 nF and a continuous 
echo 
return, 


the receiver 
will 
cycle 
ON and OFF every 6 ms. This func· 


tion 
can be defeated 
by grounding 
pin 11. 


Figure 
15 shows 
typical 
waveforms 
at pins 
1 and 
16 for 


200 kHz operation, 
with 
pin 9 left open. The pin 1 oscillator 


signal 
(5 Vp-p) lasts for 200 p.s. The next 900 P.s show a ring 


signal 
so strong 
that 
it is clipped 
by the receiver. 
The ex- 


ponential 
nature 
of the decaying 
ring is seen for the next 


500 p.s. An echo 
return 
appears 
at 3.9 ms. Note 
that 
the 


detector 
is held low during 
the transmit 
period 
and for the 


duration 
of the ring. 


FIGURE 
14. Integrator 
Reset 
Delay vs C18 
FIGURE 
15. Typical 
Transmit/Receive 
Waveforms 
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LM1815 Adaptive Sense Amplifier 


The LM1815 is an adaptive sense amplifier and default 
gating circuit for motor control 
applications. 
The sense 
amplifier provides a one-shot pulse output whose leading 
edge 
coincides 
with 
the 
negative-going 
zero 
crossing 
of 
a ground 
referenced 
input 
signal such as from a 
variable reluctance magnetic pick-up coil. 


In normal 
operation, 
this 
timing 
reference 
signal is 
processed 
(delayed) 
externally 
and 
returned 
to 
the 
LM1815. A logic input is then able to select either the 
timing reference or the processed signal for transmission 
to the output driver stage. 


The adaptive 
sense amplifier 
operates with a positive- 
going threshold 
which is derived by peak detecting 
the 
incoming signal and dividing this down. Thus the input 
hysteresis 
varies 
with 
input 
signal 
amplitude. 
This 
enables the circuit to sense in situations where the high 
speed noise is greater than the low speed signal ampli- 
tude. Minimum input signal is 100 mVp-p. 


• 
Adaptive hysteresis 


• 
Single supply operation 


• 
Ground referenced input 


• 
True zero crossing timing reference 


• 
Operates from 2V to 12V supply voltage 


• 
Handles 
inputs 
from 
100 mV to over 120V with 
external resistor 


• 
Zero crossing switch 


• 
Motor speed control 


• 
Tachometer 


• 
Engine testing 


TIMING 
REFERENCE 
MODE 
GATED 
PULSE 
NC 
PULSE OUT 
SELECT 
OUTPUT 
INPUT 


NC 
THRESHOLD 
NC 
PEAK 
ADJUST 
DETECTOR 
CAPACITOR 


Absolute Maximum Ratings 


Supply Voltage 
Power Dissipation 
(Note 1) 
Operating Temperature 
Range 


Storage Temperature 
Range 
Junction 
Temperature 
(Note 2) 


Input Current 


12V 


230 mW 


-40°C 
to +125°C 


--u5°C to +150°C 


125°C 


±30 mA 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating Supply Voltage 
2.5 
10 
12 
V 


Supply Current 
fiN = 500 Hz, Pin 9 = 2V, Pin 11 = 0.8V 
3.6 
mA 


Reference PulseWidth 
fiN = 1 Hz to 2 kHz 
70 
100 
130 
IJS 


Input Bias Current 
VIN = 2V, (Pin 9 and Pin 11) 
5 
IJA 


Input Bias Current 
VIN = OV dc, (Pin 3) 
200 
nA 


Input Impedance 
VIN = 5Vrms, (Note 3) 
12 
20 
28 
kr! 


Zero Crossing Threshold 
VIN = 100 mVp·p, (Pin 3) 
25 
mV 


Logic Threshold 
(pi n 9 and Pin 11) 
0.8 
1.1 
2.0 
V 


VOUT High 
RL = 1 kr!, (Pin 10) 
7.5 
8.6 
V 


VOUT Low 
ISINK = 0.1 mA, (Pin 10) 
0.3 
0.4 
V 


Input Arming Threshold 
Pin 5 Open, VIN:S; 135 mVp·p 
45 
60 
mV 


Pin 5 Open, VIN:::: 230 mVp·p 
40 
80 
90 
%ofV3Pk 


Pin 5 to V+ 
250 
mV 


Pin 5 to Gnd 
-25 
25 
mV 


Output Leakage Pin 12 
V12=11V 
0.01 
10 
IJA 


Saturation Voltage P12 
112=2mA 
0.2 
0.4 
V 


Note 
1: 
Derate 
at 5.7 
mW/oC 
for ambient 
temperatures 
above 85°C. 
This applies when the device is soldered into a printed 
circuit 
board, 
operating in still air ambient. 


Note 
2: 
Temporary 
excursions 
to 150°C 
can be tolerated. 


Note 3: 
Measured at input to external 18 kn resistor. Ie contains 1 kn in serieswith a diode to attenuate the input signal. 


O.OOlPF* 


INPUT 


THRESHOLD 
VOlTAGEI 


100jJ.s 


REFERENCE 


PULSE 


OUTPUT 


NOISEY 


INPUT 


SIGNAL 
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The LM 1830 is a monolithic 
bipolar 
integrated 
circuit 


designed for use in fluid detection 
systems. The circuit 
is 


ideal 
for 
detecting 
the presence, absence, or level of 


water, 
or 
other 
polar 
liquids. 
An 
ac signal is passed 


through 
two 
probes within 
the fluid. 
A detector 
deter- 
mines the presence or absence of the fluid by comparing 
the resistance of the fluid 
between the probes with 
the 
resistance internal to the integrated circuit. 
An ac signal 


is used to overcome plating problems incurred by using a 
de source. A pin is available for connecting 
an external 


resistance in cases where 
the fluid 
impedance 
is of a 


different 
magnitude 
than 
that 
of the internal 
resistor. 
When the probe 
resistance increases above the 
preset 
value, the oscillator 
signal is coupled to the base of the 
open-collector 
output 
transistor. 
In a typical 
application, 


the output 
could be used to drive a LED, loud speaker 


or a low current relay. 


• 
Low external. parts count 


• 
Wide supply operating range 


• 
One side of probe input can be grounded 


• 
ac coupling to probe to prevent plating 


• 
Internally 
regulated supply 


• 
ac 0r de output 


• 
Beveragedispensers 


• 
Water softeners 


• 
Irrigation 


• 
Sump pumps 


• 
Aquaria 


• 
Radiators 


• 
Washing machines 


• 
Reservoirs 


• 
Boilers 


OSC 
CAP 


FILTER 
CAP 


Supply 
Voltage 


Power 
Dissipation 
(Note 
1) 


Output 
Sink 
Current 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


28V 


300mW 


20 mA 


-40° 
C to +85° C 


-40°C 
to +150°C 


300°C 


Electrical 
Characteristics 
(v+ 
= 16V, 
TA = 25°C 
unless 
otherwise 
specified) 


PARAMETER 
CONDITIONS 
MIN 
TYP 


Supply 
Current 
5.5 


Oscillator 
Output 
Voltage 


Low 
1.1 


High 
4.2 


Internal 
Reference 
Resistor 
8 
13 


Detector 
Threshold 
Voltage 
680 


Detector 
Threshold 
Resistance 
5 
10 


Output 
Saturation 
Voltage 
lo=10mA 
0.5 


Output 
Lea kage 
VplN 
12 = 16V 


Oscillator 
Frequency 
Cl 
= 0.001/lF 
4 
7 


MAX 


10 


OSCillATOR 
OUTPUT 
IRREFI 


OPTIONAL 
DETECTOR 
FILTER 
INPUT 
CAPACITOR 


I 
I 
' 
, 


'" 
I 
TA" 
25 
C 
TA = 25 
C 
TA=-40 
Y 
>- 
z 
1.1 
- 
20 
10 
I 
7 
~ 
u 
;; 
/ 
~ 


z 
g 
TA'2~C 
., 
,... 


1.05 
I\, 


t; 
15 
1\ 


z 
8 
h~ 
~ 
~ 
~ 
0 
~ 
,... 
~ 
j 
1 
0 
10 
6 
I~~=75C 
-r-- 
0 
>- 


~ 
x 
~ 
0 
0.95 
~ 
5 
• 
~V 


X 


N 


,... 


~ 
0.9 
0 
2 
~ 
0 
5 
10 
15 
20 
25 
30 
0 
5 
10 
15 
20 
25 
30 
0 
5 
10 
15 
20 
25 
30 


SUPPLY 
VOLTAGE 
(V) 
SUPPLY 
VOLTAGE 
(V) 
SUPPLY 
VOLTAGE 
(V) 


Reference 
Resistor vs Ambient 
Detector 
Threshold 
Voltage 
Probe Threshold 
Resistance 


Temperature 
vs Temperature 
YS Temperature 


20 
1 
13 


vcc,Jv 
~ 
Vec" 
16V- 
\ 
- 
18 
'" 
12 
~ 


0.8 - 


z., 


"- 


16 
--- 


t; 
11 
•.•.•.•.. 
- 
......- 
0 
0.6 
~ 
z 
./ 
0 
- 


........ 


~ 


14 
x 
0 
10 
..•...... 
......- 
0 
r--.. 


~ 
~ 
0.' 
x 
12 
x 
~ 
9 
,/ 
,... 
~ 
- 


~ 
0 
x 
,... 
0.2 
,... 


10 
u 
8 
,... 
0 


0 
~ 
8 
0 
7 


-'0 
-20 
0 
20 
'0 
60 
80 
100 
-'0 
-20 
0 
20 
'0 
60 
80 
100 
-'0 
-20 
0 
20 
.0 
60 
80 
100 


AMBIENT 
TEMPERATURE 
( C) 
AMBIENT 
TEMPERATURE 
I C) 
AMBIENT 
TEMPERATURE 
( C) 


Oscillator 
VOH and VOL 
Output 
Saturation 
Voltage 
vs 
Oscillator 
Frequency 
vs 


vs Ambient 
Temperature 
Output 
Current 
Ambient 
Temperature 


5 


I 
~ 
10 
20 
I I 
~ 
Vec" 
16V 
~ 
Vec" 
16 
18 
VCC"16V- 
z 
x 


'" 
• 
VOH 
......•••. 
~ 
16 
., 
,... 


'" 
TA" -40 
C 
>- 


14 
0 
~ 


1 
z 
> 
3 
~ 
12 
,... 
7 
~ 
~ 
,... 
z 
TA :25 
C 
10 
/ 
~ 
0 
0 
2 
;:: 
~ 
8 I...- 
~ 
~ 


0.1 
0 
0 
,... 


6 
,... 
j 
., 
1 
• 
VOL 
;',l 
~ 
~ 


,... 


TA,':~ 
,~ 
2 


I 
~ 
0 
,... 


0.01 
0 
~ 


--40 
-20 
0 
20 
'0 
60 
80 
100 
0 
0.1 
1 
10 
100 
-'0 
-20 
0 
20 
.0 
60 
80 
100 


TEMPERATURE 
( C) 
OUTPUT 
CURRENT 
(PIN 12) {mAl 
AMBIENT 
TEMPEAATURE 
( C) 


Equivalent 
Resistance 
vs 
Concentration 
of Several 


Solutions 


500 


450 
u 
'00 
z~--350 
u, 
::::: 
i5== 
300 
~O. 
z~ 
00 
250 
UW 
,...N 
Z 
E 
200 
W 
u 


N!Cl 
~E 


150 I-- 


:z 
100 
NaAc 


50 
CuS04 
"Ti+- 


0 
0.001 
0.01 
0.1 
1 


CONCENTRATION 
(GRAM 
MOLECULAR 


EQUIVALENTS/LITRE) 


The LM1830 requires only an external capacitor to com- 
plete the oscillator 
circuit. 
The frequency 
of oscillation 


is inversely proportional 
to the external capacitor value. 


Using 
0.001}.iF 
capacitor, 
the 
output 
frequency 
is 


approximately 
6 kHz. The output 
from the oscillator 
is 


available at pin 5. In normal applications, 
the output 
is 


taken from 
pin 13 so that the internal 
13k resistor can 


be used to compare with 
the probe resistance. Pin13 is 


coupled 
to 
the probe by a blocking 
capacitor 
so that 


there is no net de on the probe. 


Since 
the 
output 
amplitude 
from 
the 
oscillator 
is 


approximately 
4 VBE, the detector 
(which is an emitter 


base junction) 
will 
be turned 
"ON" 
when the probe 


resistance to 
ground 
is equal to 
the 
internal 
13 kn 


resistor. 
An 
internal 
diode across the detector 
emitter 


base junction 
provides 
symmetrical 
limiting 
of 
the 


detector 
input 
signal so that the probe is excited with 


±2 VBE from 
a 13 kn source. In caseswhere the 13 kn 
resistor 
is not 
compatible 
with 
the 
probe 
resistance 


range, an external resistor may be added by coupling the 
probe to pin 5 through 
the external resistor asshown in 


Figure 
2. The collector 
of the detecting 
transistor 
is 


brought 
out 
to pin 9 enabling a filter 
capacitor 
to be 
connected 
so that 
the 
output 
will 
switch 
"ON" 
or 


"OFF" 
depending 
on 
the 
probe 
resistance. 
If 
this 


capacitor 
is omitted, 
the output 
will 
be switched 
at 


approximately 
50% duty 
cycle 
when the 
probe 
resis- 


tance exceeds the reference resistance. This can be useful 
when 
an 
audio 
output 
is 
required 
and the 
output 


transistor 
can be used to directly 
drive a loud speaker. 


In addition, 
LED 
indicators 
do not 
require de excita- 


tion. Therefore, the cost of a capacitor for filtering 
can 


be saved. 


In 
the 
case of 
inductive 
loads or incandescent 
lamp 


loads, 
it 
is recommended 
that 
a filter 
capacitor 
be 


employed. 


In a typical 
application 
where the device is employed 


for 
sensing low 
water 
level in a tank, 
a simple steel 


probe may be inserted in the top of the tank with 
the 


tank grounded. Then when the water level drops below 
the tip of the probe, the resistance will rise between the 
probe and the tank and the alarm will be operated. This 
is illustrated 
in Figure 
3. 
In situations 
where a non- 


conductive 
container 
is used, the probe may be designed 


in a number of ways. In some casesa simple phono plug 
can be employed. 
Other probe designs include conduc- 


tive parallel strips on printed circuit 
boards. 


It is possible to calculate the resistance of any aqueous 
solution 
of an electrolyte 
for different 
concentrations, 


provided 
the 
dimensions 
of 
the 
electrodes 
and their 
spacing is known. 


The resistance of a simple parallel plate probe is given 
by: 


where 
A = area of plates (cm2) 
d = separation of plates (em) 
c = concentration 
(gm. mol. 
equivalent/litre) 


p = equivalent conductance 
(n-1 
cm2equiv.-1) 


(An equivalent is the number of moles of a substance that 
gives one mole of positive charge and one mole of nega- 
tive charge. For example, one mole of NaCI gives Na+ + 
CI- 
so the equivalent 
is 1. One mole of CaCI2 gives 


Ca++ + 2CI- 
so the equivalent is 1/2.) 


Usually 
the 
probe 
dimensions 
are 
not 
measured 


physically, 
but the ratio d/A is determined by measuring 


the 
resistance of a cell of known 
concentration 
c and 


equivalent 
conductance 
of 
1. 
A 
graph 
of 
common 


solutions 
and their 
equivalent 
conductances 
is shown 


for reference. The data was derived from D.A. Macinnes, 
"The 
Principles 
of 
Electrochemistry," 
Reinhold 


PUblishing Corp., New York., 
1939. 


In automotive 
and other 
applications 
where the power 
source is known to contain significant transient voltages, 
the internal 
regulator on the LM 1830 allows protection 
to 
be provided 
by the simple means of using a series 


resistor in the power supply line as illustrated 
in Figure 4. 


If the output 
load is required to be returned 
directly 


to the powersupply 
because of the high current required, 
it will be necessary to provide protection 
for the output 


transistor 
if the voltages are expected to exceed the data 


sheet limits. 


Although 
the LM1830 
is designed primarily 
for 
use in 


sensing conductive 
fluids, it can be used with 
any varia- 
ble resistance device, such as light dependent resistor or 
thermistor 
or resistive position transducer. 


The following 
table lists some common fluids which may 


and may not be detected by resistive probe techniques. 


Conductive Fluids 
Non-Conductive 
Fluids 


City water 
Pure water 
Seawater 
Gasoline 


Copper sulphate solution 
Oil 
Weak acid 
Brake fluid 
Weak base 
Alcohol 
Household ammonia 
Ethylene glycol 
Water and glycol mixture 
Paraffin 
Wet soil 
Dry soil 
Coffee 
Whiskey 
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4. 
Direct Coupled Applications 
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General Description 


The LM1851 is designed 
to provide 
ground 
fault 
protec- 


tion 
for AC power 
outlets 
in consumer 
and 
industrial 


environments. 
Ground 
fault 
currents 
greater 
than a pre- 


settable 
threshold 
value 
will 
trigger 
an external 
SCA- 


driven circuit 
breaker to interrupt 
the AC line and remove 


the fault 
condition. 
In addition 
to detection 
of conven- 


tional 
hot wire to ground 
faults, 
the neutral 
fault 
condi- 


tion is also detected. 


Full advantage 
of the U.S. UL943 timing 
specification 
is 


taken 
to insure 
maximum 
immunity 
to false 
triggering 


due to line noise. Special 
features 
include 
circuitry 
that 


rapidly 
resets the timing 
capacitor 
in the event that noise 


pulses 
introduce 
unwanted 
charging 
currents 
and 
a 
memory 
circuit 
that 
allows 
firing 
of even 
a sluggish 
breaker 
on either 
half-cycle 
of the 
line 
voltage 
when 


external 
full-wave 
rectification 
is used. 


• 
Internal 
power supply 
shunt 
regulator 


• 
Externally 
programmable 
fault 
current 
threshold 


• 
Externally 
programmable 
fault current 
integration 
time 


• 
Direct interface 
to SCA 


• 
Complies 
with 
U.S. UL943, 
yet 
adaptable 
to 
other 


standards 


• 
Operates 
under line reversal; both load vs line and hot 


vs neutral 


• 
Detects 
neutral 
line faults 


TOP 
VIEW 


Order Number 
LM1851N 
See NS Package 
N08B 


Absolute Maximum Ratings 


Supply Current 


Power Dissipation 
(Note 1) 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


19mA 


570mW 


- 40·C to + 70·C 


-55·Cto 
+ 150·C 


300·C 


Power Supply 
Shunt 
Regulator 
Voltage 


Latch Trigger 
Voltage 


Sensitivity 
Set Voltage 


Output 
Drive Current 


Output 
Saturation 
Voltage 


Output 
Saturation 
Resistance 


Output 
External 
Current 
Sinking 
Capability 


Noise 
Integration 
Sink Current 
Ratio 


Pin 7 


Pin 8 to Pin 6 


Pin 1, With 
Fault 


Pin 1, Without 
Fault 


Pin 1, Without 
Fault 


Pin 1, Without 
Fault, 


Vpin 1 Held to 0.3V, Note 4 


Pin 7, Ratio of Discharge 
Currents 
Between 
No Fault 


and Fault 
Conditions 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Normal 
Fault 
Current 
Figure 
1, Note 3 
3 
5 
7 
mA 
Sensitivity 


Grounded 
Neutral 
Fault 
Figure 
2 
3 
II 
Resistance 
Sensitivity 


Normal 
Fault 
Trip Time 
50011Fault, 
Figure 
3, Note 2 
18 
ms 


Normal 
Fault 
with 
50011Normal 
Fault, 
18 
ms 
Grounded 
Neutral 
Fault 
211Neutral, 
Figure 
3 


Trip Time 
Note 2 


Note 1: For operation 
in ambient 
temperatures 
above 25-C. the device must be derated based on a 12S-C maximum 
junction 
temperature 
and a thermal 
resistance 
of 175-elW junction 
to ambient. 


Note 2: Average of 10 trials. 


Note 3: Required UL sensitivity 
tolerance 
is such that external trimming 
of LMl851 sensitivity 
will be necessary. 


Note 4: This externally applied current is in addition to the internal "output drive current" source. 
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FIGURE 2. Grounded 
Neutral 
Fault 
Sensitivity 
Test Circuit 
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Average Trip Time vs 
Fault Current 
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Output 
Drive Current vs 
Output 
Voltage 
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OUTPUT 
VOLTAGE 
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Circuit Description 
(Refer to Block 
and Connection 
Diagram) 


The LM1851 operates 
from 26V as set by an internal 
shunt 
regulator, 
03. In the absence 
of a fault 
(If= 0) the feed- 
back 
path 
status 
signal 
(Vs) 
is correspondingly 
zero. 


Under these conditions 
the capacitor 
discharge 
current, 
I" sits quiescently 
at three times 
its threshold 
value, ITH, 
so that noise induced 
charge 
on the timing 
capacitor 
will 
be rapidly 
removed. 
When a fault current, 
If, is induced 
in 
the 
secondary 
of the 
external 
sense 
transformer, 
the 
operational 
amplifier, 
A 1, uses feedback 
to force a virtual 
ground 
at the 
input 
as it extracts 
If. The presence 
of If 


Normal 
Fault Current 
Threshold 
vs RSET 


~' 
7V 
f-- ASH 
"" If(rms)· 
x (0,91) 


---'~ 
SENSE TRANSFORMER 1000:1 
- 


~..-s~ 
z:;z 
'" 
10i 
... 


:>~ 


1M 


RSH (n) 


• See Block Diagram 


Pin 1 Saturation 
Voltage 
vs 
External 
Load Current, 
IL 


10 
~~ 
co 
~ 
z 
'";:: 
~ 
0.1 
~ 
z 
0: 


during 
either 
half-cycle 
will cause Vs to go high, which 
in 
turn changes 
I, from 31TH to 'TH. Although 
'TH discharges 
the timing 
capacitor 
during 
both half-cycles 
of the line, If 
only charges 
the capacitor 
during 
the half-cycle 
in which 
If exits 
pin 2. Thus 
during 
one half-cycle 
If-ITH charges 
the timing 
capacitor, 
while during 
the other half-cycle 
'TH 
discharges 
it. When the capacitor 
voltage 
reaches 
17.5V, 
the latch 
engages 
and turns 
off 03 permitting 
12 to drive 
the gate of an SeR. 


Figures 
3 and 4. They were both designed 
to operate 
on 
120V AC line voltage 
with 
5 mA normal 
fault 
sensitivity, 
and 
differ 
only 
in 
the 
technique 
used 
for 
grounded 
neutral 
detection. 
The "dormant 
oscillator" 
approach 
of 
Figure 
3 will be used as a design 
example. 


A full·wave 
rectifier 
bridge and a 15k/2W 
resistor 
are used 
to 
supply 
the 
DC power 
required 
by the 
IC. A 1 I'F 


capacitor 
at pin 8 is used to filter 
the ripple of the supply 


voltage 
and 
supply 
peak 
currents. 
The 
rectified 
line 


voltage 
is also connected 
across 
the SCR cathode 
and 
anode 
to allow 
firing 
of the 
SCR on either 
half-cycle. 
When 
a fault 
causes 
the SCR to trigger, 
the anode 
is 
taken 
to ground 
potential 
and a large current 
can flow 
through 
the breaker 
coil to pull the contacts 
open. Once 


opened, 
the fault condition 
is removed and the discharge 


current 
31TH (see Circuit 
Description 
and Block 
Diagram) 


resets 
both 
the timing 
capacitor 
and the output 
latch 


causing 
the SCR to turn off. A 1000:1 sense transformer 
is used 
to detect 
the 
normal 
fault. 
The fault 
current, 


which 
is basically 
the difference 
current 
between 
the hot 


and neutral 
lines, 
is stepped 
down 
by 1000 and fed into 


the input pins of the operational 
amplifier 
through 
a 10I'F 


capacitor. 
The 0.00331'F capacitor 
between 
pin 2 and pin 


3 and the 200 pF between 
pins 3 and 4 are added to obtain 


better 
noise 
immunity. 
The 
normal 
fault 
sensitivity 
is 


determined 
by the timing 
capacitor 
discharging 
current, 


ITH. ITH can be calcuiated 
by: 


ITH = .J}oL -;- 2 
RSET 


At 
the 
decision 
point, 
the 
average 
fault 
current 
just 


equals 
the threshold 
current, 
ITH. 


I 
- 
If(rms) 
091 
TH- 
2 
x. 


where 
If(rms) is the rms input 
fault 
current 
to the opera- 


tional 
amp and the factor 
of 2 is due to the fact 
that 
If 


charges 
the timing 
capacitor 
only during 
one half·cycle, 


while 
ITH discharges 
the capacitor 
continuously. 
The fac- 


tor 0.91 converts 
the rms value to an average value. Com· 


bining 
equations 
(1) and (2) we have 


RSET- 
7V 
Iflrms)x 0.91 


For example, 
to obtain 
5 mA(rms) 
sensitivity 
for the cir- 


cuit 
in Figure 
3 we have: 


7V 
RSET=( 
)= 1.5 MO 
5 mAxO.91 


1000 


The correct 
value 
for RSET can also be determined 
from 


the characteristic 
curve that plots equation 
(3). Note that 


this 
is an approximate 
calculation, 
the exact 
value 
of 


RSET depends 
on the specific 
sense 
transformer 
used 


and lM1851 
tolerances. 
Inasmuch 
as Ul943 
specifies 
a 


sensitivity 
"window" 
of 4 mA-6 
mA, provision 
should 
be 


made to adjust 
RSET on a per-product 
basis. 


-- •...- .. __ ... 
_. 
-_ ••... ~ •.••.••••••• 
u.,~.11 ••n." 
••.•.•••~11....-.... "I~vl:lla- 


tion time can be obtained 
through 
proper selection 
of the 
timing 
capacitor, 
Ct. Due to the large numberof 
variables 
involved, 
proper selection 
of Cf is best done empirically. 


The following 
design 
example, 
then, should 
only be used 
as a guideline. 


Assume 
the goal is to meet Ul943 
timing 
requirements. 


Also 
assume 
that 
worst 
case timing 
occurs 
during 
GFI 
start-up 
(S1 closure) 
with both a heavy normal 
fault and a 
20 
grounded 
neutral 
fault 
present. 
This 
situation 
is 
shown 
diagramatically 
below. 


RG 
(O.8)J 
1.6 
I 


Ul943 
specifies 
:525 ms average 
trip time 
under these 
conditions. 
Calculation 
of Ct based 
upon charging 
cur· 


rents due to normal 
fault 
only is as follows: 


:525 ms Specification 


- 3 ms GFI turn-on 
time (15k and 11'F) 


- 8 ms Potential 
loss 
of 
one 
half-cycle 
due 
to 
fault 
current 
sense on half-cycles 
only 


- 4 ms Time required 
to open a sluggish 
circuit 
breaker 
:510 ms 
Maximum 
integration 
time 
that 
could 
be 
allowed 


8 ms Value 
of integration 
time 
that 
accommodates 
component 
tolerances 
and other variables 


whereT = 
V= 
integration 
time 
threshold 
voltage 


(20 
V:: 
(rms) 


heavy fault 
current 
generated 
(swamps 
ITH) 


~ 
Hurn 
) 
~:1 
x 
x 
x 


1000 turns 


current 
Ct charging 
division 
of 
on half· 


input sense 
cycles 
only 
transformer 


portion 
of 


fault current 
shunted 


around GFI 


rmsto 
average 
conversion 


Application Circuits (Continued) 


therefore: 


(7) 


[(~~~) 
x (1.60~40.4) x (10~0) 
x G )X (0.91J x 0.008 


Ct--------------------- 


17.5 


In practice, 
the actual 
value of Ct will have to be modified 


to include 
the effects 
of the neutral 
loop oscillation 
upon 


the 
net charging 
current. 
The effect 
of neutral 
loop 
in- 
duced currents 
is difficult 
to quantize, 
but typically 
they 


sum with 
normal 
fault 
currents, 
thus 
allowing 
a larger 


value of Ct. For UL943 requirements, 
0.015 "F has been 


found 
to be the best compromise 
between 
timing 
and 


noise. 


{ 


HOT 


lOAD 


NEUTRAL 


For those GFI standards 
not requiring 
grounded 
neutral 


detection, 
a still 
larger 
value of capacitor 
can be used 
and better noise immunity 
obtained. 
The larger capacitor 


can be accommodated 
because 
RN and RG are not pres- 


ent, allowing 
the full fault current, 
I, to enter the GFI. 


The sense amplifier 
is capacitively 
coupled 
to a 200-turn 
coil in order to detect 
the grounded 
neutral 
fault. 
Choice 


of proper coil polarities 
causes 
a positive 
feedback 
loop 


to close 
in the presence 
of a low resistance 
grounded 


neutral 
fault 
and 
results 
in 
oscillation 
of 
the 
input 


amplifier. 
The timing 
capacitor 
receives charging 
current 


due to rectification 
of the oscillatory 
feedback 
currents 


caused 
by 01 (see Block 
Diagram) 
only 
conducting 
on 
one 
half-cycle 
of 
the 
line. 
Eventually 
the 
capacitor 


voltage 
reaches 
threshold 
and the SCR is triggered. 


In Figure 4, grounded 
neutral 
detection 
is accomplished 


by feeding 
the neutral 
coil 
with 
120 Hz energy 
contin- 


uously 
and allowing 
some of this energy 
to couple 
into 


the sense transformer 
during 
conditions 
of neutral 
fault. 


1 seR 


TRIGGER 


lM1851 
5 
DPAMP 


OUTPUT 


{ 


HOT 


LOAD 


NEUTRAL 


Normal Fault: An unintentional 
electrical 
path, 
Rs, be- 
tween the load terminal 
of the hot line and the ground, 
as 
shown 
by the dashed 
lines. 


lINE{ 


NEUTRAL 


Grounded Neutral 
Fault: An 
unintentional 
electrical 
path between 
the load terminal 
of the neutral 
line and the 
ground, 
as shown 
by the dashed 
lines. 


lINEj 


NEUTRAL 


1 
seR 


TRIGGER 
lM1851 


5 
OP AMP 


OUTPUT 


Normal Fault plus Grounded Neutral Fault: The com- 
bination 
of the normal 
fault 
and the grounded 
neutral 
fault, 
as shown 
by the dashed 
lines. 


LINE { 


NEUTRAL 
I 
--='t4"' 


~Nalional 
~ 
Semiconductor 


The LM1871 is a complete 
six-channel 
digital 
proportional 
encoder 
and 
RF transmitter 
intended 
for 
use as a low 
power, 
non-voice, 
unlicensed 
communication 
device 
at 
carrier 
frequencies 
of 27 MHz or 49 MHz with 
a field 
strength 
of 10,000 IN/meter 
at 3 meters. In addition 
to radio 
controlled 
hobby, 
toy 
and 
industrial 
applications, 
the 
encoder section 
can provide a serial input of six words for 
hard wired, infra-red 
or fiber optic 
communication 
links. 
Channel 
add logic 
is provided 
to control 
the number 
of 


encoded 
channels 
from three to six, allowing 
increased 
design 
flexibility. 
When 
used 
with 
the 
LM1872 
RC 
receiver/decoder, 
a 
iow 
cost 
RF 
linked 
encoder 
and 
decoder 
system 
provides 
two 
analog 
and two 
ON/OFF 
decoded channels. 


Dual-in-Line 
Package 


MOO 
MOO 
RF 
Rm 
VCC 
OUT 
FilTER 
OUT 


A 


CHANNEl 
ADO 
lOGIC 


TOP 
VIEW 


Order Number 
LM1871N 
See NS Package 
N18A 


DC Current 
Out ot Pin 13 
<,omA 


Package Dissipation 
(Note 1) 
1.0W 


Pin 4 Externally 
Forced 
6V 


Operating 
Temperature 
Range 
- 25°C to + 85°C 


Storage Temperature 
Range 
- 65°C to + 150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics 
TA=25°C, 
VCC= +9V, see Test Circuit 
and Waveforms 


Parameter 
I 
Conditions 
I 
Min 
I 
Typ 
I 
Max 
I 
Units 


Encoder 
Section, 
Close Sl, S2, S4 Open S3 


V14 
Supply 
Voltage 
4.5 
9 
15 
V 


114 
Supply 
Current 
Encoder 
Only 
10 
14 
22 
mA 


V4 
Reference 
Voltage 
4.1 
4.6 
5.1 
V 


tt 
Frame Time 
t,= 
R~F+ 
0.63RMODCT 
8 
9.5 
10.5 
ms 


tm 
Mod Time 
tm = 0.63RMODCT 
0.4 
0.5 
0.6 
ms 


tch 
Channel 
Time 
tch = 0.63RcHCT 
0.4 
0.5 
0.6 
ms 


ts 
Sync Time, Tx Channels 
1-6 
Close 
Sl, 
Close 
S2 
3.5 
ms 


ts 
Sync Time, Tx Channels 
1-5 
Open Sl, Close 
S2 
4.5 
ms 


ts 
Sync Time, Tx Channels 
1-4 
Close 
Sl, 
Open S2 
5.5 
ms 


ts 
Sync Time, Tx Channels 
1-3 
Open Sl, 
Open S2 
6.5 
ms 


Atn 
Supply 
Rejection, 
tm + tCH 
AVcc 6V to 12V 
0.1 
%N 


AV13 
Encoder 
Output 
SWing 
3.8 
Vp.p 


AV12 
Mod Filter 
Output 
Swing 
3.8 
Vp.p 


112 
Mod Filter 
Source/Sink 
Current 
0.5 
±mA 


R1N(8) 
Pulse Timer 
Input 
Resistance 
27 
Mll 


ITH(7) 
Frame Timer 
Threshold 
Current 
0.1 
p.A 


ILEAK(151 
Mod Timer 
Leakage 
Current 
Pin 15 to OV 
0.01 
1 
p.A 


VSAT(15) 
Mod Timer 
Saturation 
Voltage 
115=2 
mA, (V4-V15) 
120 
240 
mV 


ILEAK(CH)Channel 
Timer 
Leakage 
Current 
Pins 1, 2, 3,16,17,18 
to 4.6V 
0.06 
1 
p.A 


VSAT(CHI Channel 
Timer 
Saturation 
Voltage 
IcH=2 
mA 
120 
240 
mV 


RF Oscillator 
Section, 
Collector 
Pin 11, Base Pin 10, Emitter 
Pin 9 Open S4 


VOUT 
RF Output 
Level 
Use RF Voltmeter 
Close 
S3 
400 
mVRMS 


114 
Supply 
Current 
Open S3, S4 
30 
mA 


ft 
Transistor 
VCE= +5V, 
Ic=10 
mA 
520 
MHz 


VSAT(11) 
Transistor 
Saturation 
Voltage 
fo=49 
MHz 
800 
mV 


HFE 
Transistor 
DC Beta 
Ic= 
10 mA 
75 
150 
300 


LVCEO 
Ic=10 
I'A 
16 
20 
V 


Note 
1: For operation in ambient temperatures 
above 25°C, the device must be derated based on a 150°C maximum junction 
temperature 
and a 
package thermal resistance 
of 120°C/W junction 
to ambient. 


1000pF 


~TOSCOPE 


.----- 
NEG SYNC 


Typical Performance 
Characteristics 


Supply 
Current 


vs Supply 
Voltage 


33 


30 


~ 
27 


~ 
24 


: 
21 


~ 
18 


> 
'5 


12 
~ 
9 


I~ 
6 


3 


I 


1 
2 
OVI-~-rtCH 


L1: Toko E523LN-7210019 type MC117 7 1/2 turns with tap 2114 
turns from top 


Y1: 49.86 MHz crystal 3rd overtone 


Encoder output (pin 13) close 51, 82, 84, 0.5 msJdiv sweep 


it: 
co 
Typical PerformanceCharacteristics (Continued) 
,.. 
:E 
...J 


RF Output 
Voltage 
Level 
vs Supply 
Voltage 


RF Transistor 
Input Admittance 
vs Collector 
Current 


RF Transistor 
Output 
Admittance 


vs Collector 
Current 


1.6 


E 
1.4 


oS 
~ 
1.2 


~ 
1.0 


~ 
0.8 
'" 
1- 


0 


; 
0.6 


_ 
0.4 


I 
0.2 
,} 


o 


-1 
-2 
~ 
-3 


~ 
-4 


~ 
-5 
-6 
'" 
-7 
-6 
-9 
-'0 


I 


I 


H1LI pIO~E~plol~i 


, 
5'0 
20 
50 
100 


Ie - COllECTOR 
CURRENT PIN 11 (mAl 


o 
1 
5'0 
20 
50 
100 


'C - COLLECTOR 
CURRENT 
PIN 11 (mAl 


The LM1871 has been designed 
to encode 
and transmit 
27 


M Hzor 49 MHz carriers 
for remote 
radio control 
(RC) of up to 


six 
independent 
analog 
functions. 
The encoder 
section 


converts 
a variable 
potentiometer 
setting 
to 
a variable 


pulse width. 
The variable 
pulse widths, 
each preceded 
by a 


fixed 
modulation 
pulse, 
are added 
together 
sequentially 


and 
then 
followed 
by a synchronization 
pulse. 
Figure 
1 


shows 
the digital 
proportional 
control 
format 
and how the 


channel 
pulse 
widths, 
sync 
time 
and 
frame 
time 
are 


defined. 


FIGURE 1. (A) 
Encoder 
Output 
(Pin 13) 
(B) Transmitted 
RF Carrier 
Envelope 
(C) Typical 
Receiver 
Channel 
1 Output 


(0) 
Typical 
Receiver 
Channel 
2 Output 


Figure 
1 (A) shows 
the 
encoder 
output 
waveform. 
The 


modulation 
time (t.,,) is fixed 
while 
the channel 
time (tchl is 


the variable 
pulse 
width. 
In Figure 
1 (C, D) the 
recovered 


channei 
pulse(tn) 
is the sum oftmand 
tchat a rep rate set by 


the frame time(tf). 
Because 
the frame time is fixed, the sync 


time (ts>will vary inversely 
to the variable 
channel 
times. 


Afterdetection 
by the RC receiver, the channel 
pulsewidths 


must 
now be converted 
back to the required 
analog 
func- 
tions, 
which 
might 
be a mechanical 
arm movement, 
motor 


speed control 
or simply 
an ON/OFF 
transistorswitch.ln 
the 


case 
of 
the 
mechanical 
arm 
movement, 
commercially 


available 
closed 
loop servo modules 
can be found 
in most 


hobby 
shops. 
The input 
requirements 
of these 
servos 
will 


determine 
the transmitted 
frame 
time 
and channel 
pulse 


width 
range. Usually 
the pulse 
width 
for arm at center 
will 
be 1.5 ms; for fUll left, 1.0 ms; and for full right, 2.0 ms, at arep 
rate of 20 ms. A motor 
speed control 
open loop servo can be 
designed 
for the same 
input 
pulse 
widths: 
1.0 ms for max- 


imum forward 
speed, 1.5 ms with some dead band for motor 


OFF and 2.0 ms for maximum 
reverse 
speed. 
In both servo 
systems 
the input pulse width 
being continuouslyvariable 


allows 
fUll control 
of arm position, 
motor 
speed and direc- 


tion. The ON/OFF 
function 
could 
also 
use the same 
input 


pulse width 
range (1 ms ON, 2 ms OFF). 


The 1.0 ms to 2.0 ms pulse 
width 
range 
required 
by most 


servo 
modules 
is a result 
of 
transmitted 
RF spectrum 


limitations 
required 
by the FCC. If the modulation 
time (t.,,) 


and the channel 
time 
were 
made 
very short 
(;;,10f'S each) 


many sidebands 
5 kHz apart 
would 
be generated 
on each 
side of the center 
frequency. 
The amplitude 
and number 
of 


sidebands 
are determined 
by the depth and duration 
of the 


modulation 
pulse. 
FCC 
regulations 
require 
that 
all 
sidebands 
greater 
than 
10 kHz from 
center 
frequency 
be 


less than 500 f'V/meter 
at three meters. 
In the example 
cited 


above, the 100% modulated 
carrier 
spectrum 
would 
not be 


acceptable 
if the field 
strength 
of the carrier 
was 
10,000 


f'V/meter 
at three 
meters. 
If the 
modulation 
and channel 
times 
were 
made 
much 
longer 
(;;'10 mS each) 
the 
trans- 


mitted 
spectrum 
would 
be acceptable 
but now the frame 


time 
would 
be longer 
than 
desirable 
for optimum 
servo 


designs. 
When 
the received 
channel 
pulse 
widths 
are be- 


tween 1.0 ms and 2.0 ms at a frame 
rate of 20 ms the modula- 


tion time should 
be between 
400 f'S and 600 f'S to insure 
an 


acceptable 
transmitted 
RF spectrum. 


Figure 2 shows 
the block diagram 
and a typical 
application 
of the LM1871 utilizing 
two fUlly proportional 
(analog) 
chan- 
nels and two uniquely 
encoded 
ON/OFF 
(digital) 
channels. 


The 
LM1872 
ReceiverlDecoder, 
a companion 
IC to 
the 


LM1871, 
has 
been 
designed 
to 
receive 
and 
decode 
two 


analog 
channels 
and two digital 
channels. 
The two digital 
channel 
output 
states 
are determined 
by the 
number 
of 


transmitted 
channels 
rather than by the width 
of a channel 
pulse. Table I shows 
the digital 
output 
format 
as a function 


of the number 
of transmitted 
channels. 


Applications Information (Continued) 


C13A 
1500 
pF 
rl 
CU8 
V· 
2100pF 


~ 
0.1 


~ 


CT 
'V'0.005"' 


~O.I"' 


Cl 
T 
o 
. 
01 


+ 
C5 
T100 


/.lF 


Cl0 


~01 


1 
8 
6 


CHA 
CHA 
CHO 


(COLLECTOR) 
(EMlTIER) 
(COllECTOR) 


MIX OUT 
IF IN 
AGC 
IF OUT 
GNO 
SYNC 


18 
11 
+ 
16 
15 
I' 
13 


....rL ....rL 


'=' 
C6 
(ANALOG 
OUTPUTS) 


0.05 
R2 
100k 


T1 = Toko 
RMC 202313} 
au=110 


T2 = Toko 
RMC 402503 


T3. 
T4 = Toko 
KEN 
type, 
au = 75 


FIGURE 
2. Two Channel 
Analog/Two 
Channel 
Digital Transmitter/Receiver 
Application 
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by the LM1871. The frame timer oscillator 
consists 
of a high 
gain comparator 
and a saturating 
NPN transistor 
switch. 
When 
the 
NPN 
transistor 
is 
turned 
OFF 
the 
timing 


capacitor(CF) 
will charge 
up to 2/3 of the VREG voltage. 
The 


comparator 
will then turn ON the NPN transistor, 
discharg- 
ing the capacitor 
back to ground 
ending 
the timing 
cycle. 
The pulse 
timing 
circuit 
is similar 
in operation 
except 
that 
the 
timing 
capacitor 
(CT) is charged 
and 
discharged 
be- 
tween 
1/3 and 2/3 of the VREG 
voltage. 
The saturating 
PNP 


transistor 
switch 
pulls 
up the modulation 
timing 
resistor 


(RM) which 
charges 
CT to 2/3 VREG 
and six independently 


switched 
NPN 
transistors 
provide 
the 
discharge 
path 
through 
the channel 
timing 
resistors 
(RCH). The time 
con- 


stant 
for both circuits 
can be found 
as follows: 


HIlII~ 
IIi:lfff~ 
1I111t:/ 
t,;1It,;Ulllllt: 
t .••• rl 
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I:;' 11t:IU 
UIIIUI 
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period 
determined 
by the modulation 
pulse 
(1m). This was 


done 
to 
insure 
that 
the 
timing 
capacitor 
was 
fUlly 
dis- 
charged. 
The frame 
(tf), modulation 
(tm) and channel 
time 
(tch) can be caiculated 
as follows: 


1.534 
tf= 
-In 
-- 
(RFCF)+tm=1.1 
RFCF+tm 


4.6V 


1.534 
-In-- 
3.06V 
(R M or RCH)CT 


= O.69(RM or RCH)CT 


The above 
calculated 
time 
constants 
will 
be modified 
by 


transistor 
saturation 
resistances 
and comparator 
switch- 
ing voltages 
that 
are slightly 
different 
than the 1/3 and 2/3 


VREG 
reference. 
One time constant 
should 
be used for the 


frame time(tf) 
andO.63 time constant 
should 
be used forthe 


modulation 
(tm) 
and 
channel 
(tch) 
times. 
Because 
the 


switching 
voltages 
are a percentage 
of the V REG voltage 
the 
timer 
accuracy 
will 
not be affected 
by a low battery 
condi- 


tion 
(Vcc<5.6V). 
High 
and 
low 
temperature 
(-25°C 
to 


+ 85°C) operation 
also has little 
effect 
on timer 
accuracy. 


-t 
V1 
-=In- 
RC 
V2 


when 
V1 = Voltage 
across 
timing 
resistor 
at 
end 
of 
timing 
cycle. 


V2 = Voltage 
across 
timing 
resistor 
at beginning 
of 
timing 
cycle. 


13 ENCODER 


OUTPUT 


ov--- 


3.06V 
IBI 
PIN B 
1.53V 


3.9V 
IC) 
PIN 13 


(A) Voltage on CF 


(B) Voltage on CT 


(C) Encoder pulse train output 


Applications Information 
(Continued) 


Theaccuracy 
and temperature 
characteristics 
of the exter· 


nal components 
will 
determine 
the total 
accuracy 
of the 


system. 
The capacitors 
should 
be NPO ceramics 
or other 
low·drift 
types. 


As an example 
the 
following 
procedure 
can 
be used 
to 


determine 
the 
external 
timing 
components 
required 
for 


Figure 2. 


Given: 
Frame time (tf) = 20 ms 


Modulation 
time (tm>= 500I'S 


Recovered 
pulse 
width 
(trJ range = 1.0 ms to 2.0 


ms with trim capability 


Non variable 
channel 
pulse 
width 
(trJ = 1.0 ms 


1. Frame Timer 
Components 


t,-tm 
20ms-0.50ms 


RF = -- 
= 
- 195 kll (200 kll) 


Cr 
O.lI'F 


Choose 
Cr= O.OlI'F ± 10% 


tm 
500 x 10-6 


RM=--= 
-79.36 
kll(82 
kll) 


0.63Cr 
(0.63)(1 x 10-8) 


tch 
500 x 19-6 


RCH = --= 
----- 
- 79.36 kll (82k) 
0.63Cr 
(0.63)(1 x 10 - 8) 


When 
the 
Rp wiper 
arm 
varies 
across 
the 
full 
poten· 
tiometer 
range, (<loR= 00 to Rp value) 
Rs is found 
for 011 


and minimum 
tn pulse width. 


tn-tm 
1 ms -0.50ms 


Rs = 
-- 
= 
- 79.36 kll (82k) 


0.63Cr 
(0.63)(1 x 10 - 8) 


tn-tm 
2ms-0.50ms 


Rp= 
-Rs= 
82 kll=156 
kll 
0.63Cr 
(0.63)(1 x 10 - 8) 


The 
Rp value 
could 
have 
been 
chosen 
first 
and 
a Cr 


calculated. 
Usually 
the 270 
0 t0320 
0 angle of potentiometer 


rotation 
is inconvenient 
especially 
if it is desired 
to spring 


return 
the control 
to center, 
or if lever type 
knobs 
are reo 


quired. 
A 500 kll potentiometer 
that 
has 300 0 of end to end 


wiper 
arm rotation 
could 
be used if mechanical 
stops 
limit 


this range. 


(3000)(156 
kll) 
Required 
angle of rotation 
= 
= 93.6 
0 


500 kll 


In most applications 
the resistor 
and capacitor 
tolerances 


prevent 
sufficient 
system 
accuracy 
without 
mechanical 
or 


electrical 
trimming 
of the analog 
channel 
pulse widths. 
If a 


500k potentiometer 
is used, two trim 
methods 
can be uti· 


lized. Rs can also be included 
as part of the potentiometer 


resistance. 


Rotate 
Potentiometer 
Body 
for Mechanical 
Trim 
Adjust 
Rs Potentiometer 


for Electrical 
Trim 
Q ~ 
~~~.HANICAL 
~STOPS 


MECHANICAL 
Bl£:ll 


<loR 
± RTR1M=0.3 
-+ Rs 
=48 
kll 


2 


(3000)(48k) 


Required 
Body Rotation 
= 
- 
± 28.8 


0 


500k 


Channel 
Add Logic 


Table 
I shows 
the 
number 
of transmitted 
channels 
as a 


function 
of pin 5 and pin 6 conditions.The 
threshold 
voltage 


for both 
pins is "<i!O.7V.When 
grounded, 
the pins are sourc· 


ing 
"<i!300 I'A from 
the 
internal 
pull 
up resistors. 
External 


voltages 
may be applied 
to these 
pins but should 
be below 


the V REG voltage 
by at least one volt and not less than the 


pin 9 ground. 


LM1871 Channel 
Add 
Logic 
Number 
of Channels 
LM1872 
Receiver 


Pin Conditions 
Transmitted 
Digital 
Outputs 


Pin 5 (A) 
Pln6(B) 
A 
B 


OPEN 
OPEN 
3 
OFF 
OFF 


GND 
OPEN 
4 
ON 
OFF 


OPEN 
GND 
5 
OFF 
ON 


GND 
GND 
6 
ON 
ON 


Component 
27 MHz 
49 MHz 
Tp 
2 Turns 
6 Turns 
TS 
3 Turns 
1 Turn 
L1 
TOKOKXN K4636BJF 
TOKO KEN K4635BJE 
LL 
MILLER#4611 
MILLER#9330-10 
CA 
5.4 pF 
6.2 pF 
RA 
1.150 
3.780 
C1 
1000pF 
220 pF 
C2 
680 pF 
47 pF 
C3 
20 pF 
33 pF 
R10 
24k 
47k 


I 


LL 
: 
CA1 


I 
RA 


TWO FOOT 
0.023 
DIAMETER 
WIRE 
EQUIVALENT 
CIRCUIT 


Modulator 
and Crystal 
OsclllatorlTransmitter 
Circuit 
(Figure 
4) 


The modulator 
and oscillator 
consist 
of but two NPN tran- 
sistors 
whose 
operation 
is quite 
straightforward. 
The base 
of the modulator 
transistor 
is driven 
by a bidirectional 
cur- 
rent source 
with 
the voltage 
range 
for the high condition 
limited 
by a saturating 
PNP collector 
to the 
pin 4 VREG 
voltage 
and low condition 
limited 
by asaturating 
NPN col- 
lector 
in series 
with a diode to ground. 
A current 
source 
of 
± 500 flA was 
chosen 
to 
provide 
a means 
for 
external 
modulator 
bandwidth 
control. 
When a capacitor 
is used at 
this node the transmitted 
RF carrier 
is madeto 
slew ON and 
OFF at a time determined 
by: 


Modulation 
slew time (tmsl 


(~V12)(CMl 
(3.8V)(0.01 flF) 
=----.= 
----- 
= 76flS 


112 
500flA 


when 
~V12 = peak to peak voltage 
swing 
of pin 12 =3.8V 


± 112 = source/sink 
current 
from 
pin 12 = 500flA 


CM = capacitance 
at pin 12 = 0.01 flF 


Figure 
5 shows 
the 
advantage 
gained 
by this 
capacitor 
especially 
if adjacent 
channels 
are 10 kHz to 15 kHz away 
from the desired 
channel. 


The crystal 
oscillatorltransmitter 
transistor 
is configured 
to oscillate 
in a class 
C mode 
with 
the conduction 
angle 
being 
approximately 
140' 
to 160'. 
Resistor 
R10 provides 
the 
base 
bias 
current 
from 
the 
pin 4 VREG voltage. 
This 
resistor 
value 
has 
been 
optimized 
for 
most 
RC applica- 
tions. When the emitter 
of the modulation 
transistor 
is high 
(;'3.8V) 
the collector 
and tank 
coil 
are pulled 
up into 
the 
active 
range of the oscillator 
transistor. 
RF feedback 
to the 
base is via the series 
mode 
crystal 
which 
determines 
the 


27 MHz OR 49 MHz 
3RD OVERTONE 
SERIES 
MODE 
CRYSTAL 


oscillator 
frequency. 
Because 
third 
overtone 
crystals 
are 
used for 27 MHz or 49 MHz applications 
a tuned 
collector 
load must be used to guarantee 
operation 
at the correct 
fre- 


quency. 
Tuning 
the 
LC tank, 
while 
having 
little 
effect 
on 
oscillator 
frequency, 
will control 
the conduction 
angle and 
oscillator 
efficiency. 
Tuning 
the LC tank for minimum 
Vcc 
supply 
current 
while 
observing 
the carrier 
envelope 
on an 
oscilloscope 
would 
be the best alignment 
method. 


For most RC applications 
the carrier 
ON to OFF ratio must 
be as high as possible 
to ensure 
precise 
pulse width 
detec- 
tion 
at the receiver. 
If we were to look 
at the base of the 
oscillator 
transistor 
we would 
see that 
the crystal 
is still 
oscillating 
during 
the time that the carrier 
is OFF (t",). This 
is because 
of the 
high 
Q characteristic 
(10k to 30k) of 
crystals 
in this 
application. 
We can roughly 
calculate 
the 
number 
of cycles 
required 
for a decay 
or rise in amplitude 
for one time constant 
(63% of final 
value) by: 


Q 
Number 
of cycles 
=-- 
0.63n 


At 49 MHz this will be 15k cycles 
or 300 flS for a crystal 
Q of 
30k. At27 MHzthis 
time will be 560flS forthesamecrystal 
Q. 


If long carrier 
OFF times 
were reqUired 
the oscillator 
start 
up time would 
as a result also be quite long. The shorter 
car- 
rier OFF times 
overcome 
one problem 
but do suggest 
that 
the crystal 
be isolated 
from the antenna 
circuit. 
During 
the 
carrier 
OFF 
time 
the 
base of the modulator 
transistor 
is 
held approximately 
0.9V above ground 
such that 
the emit· 
ter still 
supplies 
current 
to the now saturated 
collector 
of 
the oscillator 
transistor. 
Both 
ends 
of the LC tank 
circuit 
now "see" 
a low impedance 
to ground. 
Further 
isolation 
is 
provided 
by the split 
tuning 
capacitor. 


FIGURE 
5. Envelope 
of Transmitted 
Spectrum 
for Circuit 
in Figure 
2 


If the printed 
circuit 
board 
shown 
in Figure 
6 is to be 
reproduced, 
it is recommended 
that 
the 
layout 
be fol- 
lowed 
as closely 
as possible. 
The positions 
of pin 13 
decoupling 
capacitors 
and coil 
components 
tend to be 
critical 
in regard to undesired 
harmonic 
emissions. 
Short 
lead ceramic 
disc capacitors 
and short decoupled 
traces 
are recommended. 
A number 
of boards 
with 
this 
con· 
figuration 
have successfully 
met all requirements 
of the 
FCC as perceived 
only by National 
Semiconductor. 
Final 
approval 
of any unlicensed 
transmitter 
is granted 
only by 
the FCC via certified 
test measurements. 


the voltage 
measuring 
instrument. 
We can now relate the 
induced 
voltage 
(V1N) 
to a measured 
voltage 
(VMEAl by: 


V1N L 
(VMEA)(Losses) 
VMEA=--- 
or V1N =-,------ 


Losses 
L 


where: VMEA 
= Voltage measured 
by a spectrum 
analyzer 
or calibrated 
receiver. 


V1N 
= Field intensity 
(volts/meter). 


L 
= Half-wave 
length of antenna 
in meters. 


Losses = All 
mismatch, 
loading 
and 
insertion 
losses. (In this case = 13.7 dB = 4.87) 


Field Strength 
Measurements 


As noted 
above the maximum 
radiated 
RF energy of an 
unlicensed 
transmitter 
operating 
in the 27 MHz or 49 MHz 
frequency 
band must not be greater than 10k"V per meter at 
a distance 
of 3 meters from the transmitting 
antenna. 
In ad- 
dition 
to the carrier 
amplitude 
requirement, 
all sidebands 
greater than 10 kHz from the carrier and all other emissions 
(harmonic 
or spurious) 
must be less than 500 "V per meter 
at a distance 
of 3 meters. 


The term 
used for electrical 
field 
intensity 
(V/meter 
at 3 
meters) refers to the open circuit voltage induced at the out- 
put of a resonant 
half-wave 
dipole 
antenna 
in a single 
dimensional 
one meter 
field, 
3 meters 
distant 
from 
the 
transmitter 
under 
test. 
When 
making 
field 
intensity 
measurements, 
the antenna 
length 
must be adjusted 
for 
resonance 
at each frequency 
of interest 
and the induced 
voltage 
made 
proportional 
to the 
one 
meter 
reference 
length. The induced 
voltage value must not include 
losses 
caused 
by the insertion 
of a 1:1balun transformer 
(- 
6 dB) 
or loading 
(- 
6 dB) and mismatch 
(720 to 500, 
-1.7 
dB) of 


Ck 
L=-meters 
2f 


where: C = Speed of light in a vacuum. 


k = A constant 
related 
to antenna 
length 
to width 
ratios, 
end effects 
and 
surface 
effects. 
Use 
k = 0.96 
for 
practical 
antenna 
rods 
5/16" 
in 
diameter. 


= Frequency 
of interest. 


144 
Simplified: 
L=--meters 
fMHz 


measurements 
we must 
deal 
with 
the technique 
used 
in 
making 
these 
measurements. 
Usually 
all measurements 


are done outside 
on a flat area away from trees, 
buildings, 
buried 
pipes or whatever. 
Thetesttransmitteris 
placed on a 


wooden 
stool 
or table 
approximately 
3 feet high such that 


the vertical 
antenna 
is in a vertical 
position. 
The receiving 


dipole 
is adjusted 
for the frequency 
of interest 
and orien· 


tated 
to the same 
plane 
as the transmitter 
and placed 
3 


meters 
from the transmitter. 
The dipole 
may be mounted 
on 


a wooden 
pole or ladder such that the height of the antenna 


can easily 
be changed. 
The antenna 
length 
must always 
be 


symmetrical 
about 
the center 
tapping 
balun 
transformer. 
The operator 
and his test equipment 
must be "behind" 
the 


dipole 
by some 
3 or more 
feet. 
If it is desired 
to have the 


operator 
at a much more distant 
location 
the transmission 


line must be characterized 
for additional 
losses. 
A number 


of measurements 
should 
be made at each frequency 
fordif- 


ferent 
heights 
and orientations 
of both 
the transmitting 


and 
receiving 
antennas. 
The 
highest 
reading 
should 
be 
considered 
the correct 
reading. 
In addition 
to fundamental, 
sidebands 
and harmonic 
emissions, 
the frequency 
spec- 


trum 
from 
25 to 1000 MHz 
should 
also 
be scanned 
for 


spurious 
emissions 
greater 
than 50I'V/meter 
at 3 meters. 


Figure 
2 
shows 
a 
typical 
application 
of 
the 
LM1872 


ReceiverlDecoder. 
The LM1872 
consists 
of a crystal 
con- 


trolled 
local oscillator, 
IF amplifier, 
AGC, detector, 
decoder 


logic and digital 
channel 
output 
drivers. 
The supply 
voltage 


range 
of 2.5V min to 7V max was chosen 
to allow 
battery 


operation 
by four "C" 
or "0" 
cells. 


Figure 
7 shows 
how the LM1871 encoder 
can be used to 
frequency 
shift 
a 200 kHz carrier 
that 
is transmitted 
over 


the 110V AC line in a home 
or office. 
Figure 8 shows 
how 


ON/OFF 
carrier 
modulation 
is also 
possible. 
An LM1872 


could 
be used 
as 
a receiver/decoder 
for 
the 
Figure 
8 


transmitter 
circuit. 
When 
using 
an LM1872 the carrier 
fre- 


quencies 
should 
be 50 kHz 
or greater 
to insure 
proper 


detector 
operation. 


Figure 9 shows 
the LM1871 configured 
for six analog 
chan- 


nels with a TILcompatibleoutput. 
The V REGvoltage 
at pin 4 


has been shorted 
to Vee. This allows 
a VeC{MIN)of 3V and 


VeC{MAJ<)of6V. The encoder 
output 
could 
be used for a fiber 


optic 
transmitter/receiver 
link, 
infra-red, 
tone 
keying 
or 


transducer 
carrier 
modulation. 
If the encoder 
output 
is hard 


wired 
to the Figure 10 serial 
input 
we can recover 
the six 
analog 
channels. 
From Figure 11we see that the data input 


than 
any channel 
time 
(tn). Inverter 
Xl 
will 
discharge 
Cl 
each time the input goes high. During 
the longer 
sync time 
Cl will charge 
up to the 1/2 Vee threshold 
of X2 and viaX3 


provide 
the 
data 
input. 
The 
Rand 
C components 
are 
calculated 
by: 


If large 
values 
of Cl (>O.OlI'FJ 
are reqUired 
the diode 
01 
should 
be replaced 
by a PN P transistor 
with the base on Xl 
output, 
emitter 
to X2 input and collector 
to ground. 


In applications 
requiring 
ON/OFF 
decoding 
of a channel 
pulse 
width 
the circuit 
shown 
below 
could 
be used. 


~MIN) in output LO 
t(MAX)in output HIGH 


If the recovered 
channel 
pulse width 
is short 
(t(min) R2 and 
C2 are selected 
such that the input 
to inverter 
X4 does not 
rise to the 1/2 Vce threshold. 
The output 
of X4 will 
be high 
and the output 
of X5 will be low. A longer 
input pulse (t(max)) 


will allow 
the output 
of X4 to go low pulling 
the input of X5 
low. R3 and C3 are selected 
such thatthe 
inputtoX5 
will not 
rise past the 1/2 Vec threshold 
during 
the remainder 
of the 


frame 
time. The Rand 
c values 
are found 
by: 


Given: 
t(min) = 1.0 ms, C2 = O.OlI'F 


t(max)= 2.0 ms, C3 = O.lI'F 


tframe = 20 ms 


t(max)- t1min) 


0.565R2C2 
= t(min)+ 
1.5 ms 
2 


1.5ms 
R2=---=270kll 
0.565C2 


tframe 


R3=---=360kll 


0.565C3 


C4 
T82PF 


IC2 
LM78· 
L12CZ 


03 
T2 


1N4002 
30 VCT 


50 mA 


II 
- 
0 


+ 
C9 


...,... 
I 0 ~F 


..L 
16V 


C6 


I 000 ~F 


25V 


11 
TOKO 


YAN·60027N 


Capacitor 
values in pF 


Resistor values in n 


tSelect 
for carrier fraq. 


Ie 
C4 
C7 


200 kHz 
82 
1000 


100 kHz 
160 
3900 


Note: See AN·146 for additional 
information 


C8 
0.1 ~F 
200V 


03 
T2 


1N4002 
30 VCT 
50mA 


IC2 
II 
LM78· 


11 
10 
L12CZ 


RF 
BIAS 
+ C9 
- 
0 


OUI 
T 


lhF 
16V 


R3 
R4 
C6 
22k 
18k 
1000 ~F 
25V 
C7 
1000 
C3 
pF 
1000 
ICl 
LM565CN 
T1 
TOKO 
YAN·60027N 


C4 


T82PF 
- 
- 


Capacitor 
values in pF 


Resistor values in 0 


tSelect 
for carrier freq. 


Ie 
200 kHz 


100 kHz 


C8 
0.1 ~F 
200V 


(CLOCK) 


8 


CH1 


CH2 


CH3 


OUTPUTS 
to 


CH4 


CH5 


CH6 


____ 
n~ 
_ 
----_... 
II~----------------- 
_______... 
11 
_ 


_______________ 
I1... 
1L 
____________ 
~I1 
1 


Component 
Min 
Typ 
Max 
Comments 


RF 
2 klJ 
180 klJ 
1M 
Pin 7. Frame 
timer 
resistor 
used 
with 
CF to 


set frame 
time (tll. tt = RFCF + tm. 


CF 
500 pF 
0.1 f'F 
0.5 f'F 
Pin 7. Frame 
timer 
capacitor 
used with 
RF. 


RM 
2 klJ 
150 klJ 
1M 
Pin 15. Modulation 
timing 
resistor 
used with 


CT to set mod time (tm). tm = 0.63 RMCT• 


RCH 
2 klJ 
150 klJ 
1M 
Channel 
pins 
1, 2, 3, 16, 17, 18. Variable 
or 
fixed 
resistor 
used 
with 
CT to 
set 
channel 


pulse 
widths 
(tch)' 
tch = 0.63 RCHCT. 


CT 
500 pF 
0.1 f'F 
0.5 f'F 
Pin 8. Pulse timer capacitor 
used with 
RM and 


RCH' 


CM 
0.01 f'F 
Pin 12. Modulation 
slew 
time 
(tmsl capacitor 


used 
to 
decrease 
modulator 
bandwidth. 


Reduces 
sideband 
emissions. 


(IN12)(CM) 


tms= 
= 7600 CM 


112 


C4 
0.1 f'F 
Pin 4. 4.6V regulator 
decoupling 
capacitor. 


C13A 
1500 pF 
Pin 
13. 
Modulator 
output 
RF 
decoupling 


C138 
2700 pF 
capacitor. 
Improves 
carrier 
ON to OFF ratio. 


C14 
0.1 f'F 
Pin 14. VCC decoupling 
capacitor. 


R10 
24 klJ/51 klJ 
Pin 10. RF oscillatorltransmitter 
bias resistor. 


Vee 


R95 
2.2k 


MOO 


DRIVER 
R' 
OUT 


11 


~co 
~ 
National 
~ 
~ 
Semiconductor 
..I 


The LM1872 Is a complete RF receiver/decoder for radio 
control applications. The device Is weli suited for use at 
elther27 MHz,49 MHzor72 MHzin controliingvarious 
toys 


or hobby craft such as cars, boats, tanks, trucks, robots, 
planes, and trains. The crystal controlied superhet design 
offers both good sensitivity and selectivity. When operated 
in conjuctlon with the companion transmitter, LM1871, it 
provides four independent information channels. Two of 
these channels are analog pulse width modulated (PWM) 
types, whlie the other two are simple ON/OFF digital chan- 
nels with 100mA drive capabliity. Either channel type can 
be converted to the other form through simple external cir- 
cuitry such that up to 4 analog or up to 4 digital channels 
could be created_ Few external parts are required to com- 
plement the self-contained 
device which Includes local 


osclliator, mixer, IFdetector, AGC,sync output drivers, and 
all decoder logic on-chip. 


• 
Four independent information 
channels; two analog 


and two digital 


• 
Completely self-contained 
• 
Minimum of external parts 
• 
Operation from 50 kilohertz to 72 MHz 
• 
Highly selective and sensitive superhet design 


• 
Operates from four 1.5Vcelis 
• 
Excelient supply noise rejection 
• 
100mA digital output drivers 
• 
Crystal controlied 
• 
Interfaces directly with standard hobby servos 


• 
Toys and hobby craft 
• 
Energy saving, remotely switched lighting systems 


• 
Burglar alarms 
• 
Industrial and consumer remote data links 


• 
IRdata links 
• 
Remote slide projector control 


Dual-In-Line Package 


MIX 


XTAL 
GND 
VBIAS 
IN 


IF IN 
AGC 
IF 
GND 
SYNC 
CH 2 
CH 1 
OUT 


BOTTOM 
VIEW 
Order Number LM1872N 
See NS Package N18A 


9-116 


Absolute Maximum Ratings 


Supply Voltage 
7V 


Package Dissipation 
(Note2) 
1000mW 


Voltage@Pin7,8,9,10,110r12 
V+ 


Operating 
Temperature 
Range 
- 25'Cto 
+ 85'C 


Storage Temperature 
Range 
-65'Cto 
+ 150'C 


Lead Temperature(Soldering, 
10 seconds) 
300'C 


DC Electrical Characteristics 
v + = 6V, TA = 25 'C, Test Circuit 
of Figure 
1, fLO= 49.890 MHz, flF = 455 kHz unless 
otherwise 
specified. 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Supply 
Voltage 
Functional 
for V1N = 100 ~V 
2.5 
6 
7 
V 


Supply 
Current 
CH A & B Off 
9 
13 
18 
mA 
CH A & BOn 
27 
mA 


VS1AS 
@ Pin 4 
1.85 
2.1 
2.35 
V 


Sync Timer 
Threshold 
@ Pin 13, Going 
from 
Low to 


High Voltage 
V+/2-0.4 
V+/2 
V+/2 
+0.3 
V 


Digital 
Channels 
A and B 


Saturation 
Voltage 
@ Pins 7 & 9, RL = 1000 
0.4 
0.7 
V 
Saturation 
Resistance 
@ Pins 7 & 9 
7 
0 
Source 
Current 
@ Pins 8 & 10, VPin B & Pin 10"1V 
100 
mA 


Collector 
Pull·Up 
Pin 7 & Pin 9 to V + 
5 
10 
20 
kO 


Resistance 
Emitter 
Pull·Down 
Pin 8 & Pin 10 to GND 
5 
10 
20 
kO 
Resistance 


Analog 
Channels 
1 and 2 


Saturation 
Voltage 
@ Pins 11 & 12, RL = 2 kO 
0.45 
0.7 
V 
Saturation 
Resistance 
@Pins11&12 
160 
0 


Collector 
Pull·up 
Pin 11 & Pin 12 to V+ 
5 
10 
20 
kO 
Resistance 


AC Electrical Characteristics 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


RF Sensitivity 
For "Solid" 
Decoded 
Outputs 
22 
39 
~V 
(Note 
1) 


RF Sensitivity 
Circuit 
of Figure 
5@49 
MHz with 
12 
~V 


Antenna 
Simulation 


Network 
of Figure 
6 


Voltage 
Gain 
Pin 5 to Pin 15 
58 
dB 


PSRR of RF Sensitivity 
3V"V 
+ ,,6V 
-1 
%tJV 


BW 
3 dB Down @ Pin 15 
3.2 
kHz 


Noise 
Referred 
to Input, 
Pin 5, V1N = 0 
035 
~Vrms 


Referred 
to IF, Pin 15, V1N = 0 
0.28 
mVrms 


AGC Threshold 
Onset 
of AGC Relative 
to RF 
Input, 
V1N' @ Pin 5 
88 
~V 


Relative 
to IF Output 
@ Pin 15 
V+ + 0.07 
V++0.100 
V++0.13 
V 


Mixer 
Conversion 
From 
Pin 5 to Pin 18 @1 MHz 
2.9 
4.0 
6.9 
mmhos 


Transconductance 
@27 MHz 
3.7 
mmhos 


@49 MHz 
3.5 
mmhos 


Mixer 
Input 
Impedance 
Pin 5 to Pin 4 @ 49 MHz 
20 kO 
(See Curves) 
+ 5 pF 


.............. ~.... 
•••••. 
VI.UlliUIIO) 
IVIUt 
'yp 
Max 
units' 


Mixer 
Output 
Impedance 
Pin 18 to GND 
250 
kO 


IF Transconductance 
Pin 17 to Pin 15 (AGC Off)@455kHz 
2.6 
4.1 
5.6 
mmhos 


IF Input 
Impedance 
Pin 17 to GND 
5500 
0 


IF Output 
Impedance 
Pin 15 to GND (AGC Off) 
800 
kO 
(AGC On) 
2 
MO 


IF Carrier 
Level 
@ Pin 15, V,N = 100 jJ.V 
70 
mVrms 
(AGC On) 


Detector 
Threshold 
Relative 
to RF Input, 
V,N, 
20 
jJ.V 
@ Pin 5 
Relative 
to IF Output 
@ Pin 15 
V++0.015 
V++0.025 
V++0.040 
V 


Analog 
Pulse 
Width 
Ratio 
of Received 
Pulse 
Width 
0.95 
1.0 
1.05 
ms/ms 
Accuracy 
@ 
Pins 
11 
& 
12 
to 
Transmitted 
Pulse 
Width 
@ 
Pin 
5 
for 
V,N= 
100jJ.V 


Note 1: The criteria 
for the outputs 
to be considered 
"solid" 
are as follows: 
DIGITAL: In order to check the decoding 
section, 
four RF frames 
are Inputted 
In sequence 
with the proper codes to exercise 
all four possible 
logical 
out· 


put combinations 
at pins 7 and 9. For each frame 
the proper 
output 
logic 
state 
must exist. 


ANALOG: 
Each analog 
pulse width (measured 
at pins 11 & 12) in any of the above four successive 
frames 
must not vary more than ± 5% from the pulse 


widths 
obtained 
for V,N = 100 "V. 


Note 2: For operation 
In ambient 
temperatures 
above 25·C, the device 
must be derated 
based on a 150·C maximum 
junction 
temperature 
and a package 


thermal 
resistance 
of 120·CIW, junction 
to ambient. 


Typical Perfonnance 
Characteristics 


Digital 
Channel 
Supply 
Current 
vs 
Analog 
Channel 
Output 
Collector 
Output 
Voltage 
Supply 
Voltage 
Voltage 
vs Load 
Current 
vs Load 
Current 


J3 


1 


2.0 


@CH llP1N 
111 ORJ. 
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OUTPUT LOAD CURRENT (mAl 
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Mixer 
Transconductance 
(gm) 
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Level 
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Equivalent Mixer Input Shunt 
Resistance and Capacitance 
vs Frequency 
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The following discussion Is best understood by referring 
to Figures 
2, 3, 4, and 5. 


SYSTEM ENCODING AND DECODING SCHEME 


The LM1871transmitter Is equipped to transmit up to six 
channels which the companion LM1872receiver uses to 
derive 2 analog and 2 digital 
channels. The receiver 
decodes 
the demodulated 
RF waveform 
from the 
transmitter 
by negative edge triggering 
a cascade of 
three binary dividers called the A, B, and C toggle flip- 
flops (Figure 4).By "examining" all three flip-flop outputs 
simUltaneously, up to 6 unique channel time intervals 
could be identified 
and recovered. Only the first two 
channels are actually decoded howeverand outputted by 
the receiver, the rest being used for Identification of two 
digital (ON/OFF)channels. In passing digital Information, 
a pulse count modulation scheme is used whereby dif- 
ferent quantities of channel pulses are transmitted by 
varying the number of fixed width channels following the 
two variable width analog channels 1and 2 (see Figure 
3). 


For the transfer 
of analog information, 
the LM1871/ 
LM1872 system uses conventional pulse width modula· 
tion (PWM). 
In applying this technique, the RF carrier is 
Interrupted for short fixed intervals (tM in Figure 
2) with 
each interval followed by variable width pulses (tCH) so as 
to define multiple variable time spans (tM + tCH) occurring 
in serial fashion. Synchronization is accomplished by 
allowing one of the transmitted variable pulse widths 
(tSYNc!to exceed the duration (I'SYNc!of a receiver-based 
timer, thus allowing the receiver to recognize this pulse 
for synchronization purposes. Taken in sequence, this 
collection of pulses constitutes a single frame period (IF)' 
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FIGURE 3. Digital Channel Encoding and Decoding via Pulse Count Modulation 
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sent 
the 
four 
possible 
codes 
that 
two 
digital 
channels 
represent. 
The receiver 
intrinsically 
counts 
channels 
with 


its decoder 
flip-flops 
by responding 
to the negative 
edges 


of 
the 
demodulated 
RF waveform 
of 
which 
there 
is 


always 
one more 
than 
the number 
of channels. 
The two 


LSBs of the binary 
count 
are read, latched, 
and fed to the 


output 
drivers 
which 
comprise 
digital 
channels 
A and B. 


RECEIVER 
SECTION 


The receiver 
circuit 
is a simple, 
single 
conversion 
design 


with 
AGC 
which 
mixes 
down 
to 455 
kHz 
and 
provides 


5. The active 
digital 
detector 
provides 
an additional30 
dB 
gain 
over a silicon 
diode 
resulting 
in an overall 
system 


gain of 88 dB. More or less gain can be obtained 
by using 


different 
transformers. 
The frequency 
range of operation 
extends 
from 
50 kHz to 72 MHz 
encompassing 
a wide 


range 
of allocated 
frequency 
bands. 


The short 
(1' to 2') vertical 
whip 
antenna 
that 
is typically 


used has a very low radiation 
resistance 
(0.5lJ to 4lJ) and 


approximately 
3 pF t05 
pF of capacitance. 
This antenna 
is 
coupled 
tothe 
mixerthrough 
a high Q tank consisting 
ofC3 


+ 
C5 


~100"'F 


Cl0 


0,01 
-d 


B 


CH A 
CH A 
CH 8 
(COLLECTOR) 
(EMITTER) 
(COLLECTOR) 


MIX OUT 
IF 
IN 
AGC 
IF OUT 
GNo 
SYNC 


18 
17 
16 
15 
14 
13 


1 
JLJL 


-=- 


C6 
(ANALOG 
OUTPUTS) 


0.05 
A2 
lOOk 


C7 
T 


o 
. 
01 


Rl 
- Motor decoupling 
t 
, 


R2 
- Sync limer; R2= 
SYNC, 
R2••470k 
0.7 C6 


A3 
- Mixer decoupling 


Cl 
- LO bypass; optional 


C2 
- LO tank; C2 = 43 pF @ 27 MHz 
~ 24 pF @ 49 MHz 


C3 
- Ant. input tank; C3 = 39 pF @ 27 MHz 
=24 pF @ 49 MHz 


C4 
- VS1AS bypass 


C5 
- Motor decouplingt, 


C6 
- Sync timer; C6 = 
SYNC, C6 ••0.5 "F 
0.7 R2 


C7 
- Mixer decouple; 0.01 ~F"C7<O.ljJF 


C8 
- AGC 


C9 
- IF bypass; optional 


Cl0 - V+ 
bypass; 0.01 "F"Cl0"0.'"F 


C9 
TO.01 


Cll-LO 
bypass 


l1 
-LOcoil 


Toko' 
10k type (KXNA·4434 OZ)9T; 0.8 "H@27 MHz 


Toko' 
10k type (KEN·4028 OZ)6T; 0.4 "H@49 MHz 


L1 could be made a fixed coil, if desired. 


T1 -455 kHz mixer transformer 
Toko' 
'0 EZC type (RMC·202313 NO), Qu = 110 


Pin '-2, 
131T; pin 2-3, 33T 
Pin 1-3, 164T; pin 4-6, 
5T 


T2 -455 kHz IF transformer 
Toko' 
10 EZC type (RMC·402503 NO), Qu = 110 


Pin 1-2, 
98T; pin 2-3, 66T 
Pin 1-3, 164T; pin 4-6, 
8T 


T3 -Ant. input transformer 
Toko' 
'Ok type (KXNA·4434 OZ), 3T sec. & 9T pri. 01 0.8 "H 
@ 27 MHz 


Toko' 
10k type (KEN·4028 OZ), 1 1/2 T sec. & 6T pri. of 0.4"H 
@ 49 MHz 


X1 -3rd overtone parallel-mode 
crystal 


D1 -Electrostatic 
discharge (ESD) protection 


FIGURE 
5. Typical 
Application 
Circuit 
for 27 MHz or 49 MHz 
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and T3. This tank effectively 
keeps strong out-of-band 


signals 
such 
as FM and TV broadcast 
from 
cross- 


modulating 
with the desired signal. When operating at 


49 MHz or 72 MHz,CB interference is also effectively mini- 
mized. Image rejection is relatively low, however, being 
only 7 dB @ 49 MHz, but this does not present a problem 
due to the usual absence of strong interfering 
signals 


910 kHz below the desired signal. 


The antenna signal is stepped down and DCcoupled to the 
mixer which consists of the emitter-coupled pair Q1 and 
Q2. Emitter-follower, Q1, feeds the common·base device, 
Q2, while effectively buffering the antenna from the LO 
energy delivered by Q4. Mixer transconductance 
is 4 


mmhos at low frequency(1 MHz)falling t03.3 mmhos at the 
upper end (72 MHz). 


The local oscillator 
utilizes an emitter coupled pair, Q3 


and Q4, for accurate control of mixer drive, I,. Quiescent· 
Iy, Q3 and Q4 share I, set by 0.69V/R5,but healthy voltage 
swings 
at pin 2 due to oscillation 
of Q3 implement 


thorough switching 
of the differential 
pair. As a result, 
the full 1.8 mA of drive "tailgates" 
(switches) the mixer 


emitter 
coupled 
pair, Q1 and Q2. This current 
is well 


regulated from supply voltage changes by the VBIAScir· 
cultry. The TC of VBIASis positive by design In order to im- 
press a positive TC on I, so as to compensate for the 
temperature dependence of bipolar transconductance 
in 


the mixer. Inasmuch as Q4 operates as an emitter-gated, 
common·base-connected 
device, excellent Isolation bet- 


ween local oscillator 
and mixer Is obtained. As long as 


pin 4 Is properly bypassed, Q5 presents a low impedance 
to the base of Q4, resulting In low oscillator 
noise. The 


oscillator 
easily operates up to 72 MHz with overtone 


crystals operating parallel mode. 


The mixer signal is stepped down from the high Q mixer 
tank, n,and DCcoupled tothe IFviaasecondarywinding. 
The IF stage consists of Q7, Q8 and Q10 and delivers a 
transconductance 
of 4 mmhos @ 455 kHz. The quiescent 


current, 
12, is set at 120 iiA by VBIASand a 6.2k resistor. 


Again, the positive TC of VBIASis used to compensate for 
the temperature dependence of transconductance. The Im- 
pedanceat the IFoutput, pin 15,is very high(~800k) permit· 
ting the IF transformer, T2, to operate at near unloaded Q 
(110).The overall 3 dB bandwidth of the receiver section is 
3.2 kHz(seecharacteristic curves);this is narrow enough to 
permit adjacent channel operation without interference 
yet wide enough to pass the500"s modulation pUlses(tMin 
FigureZ). 


The IF signal Is DC coupled to the digital detector which 
consists of a high gain precision comparator, a 30 "s in· 
tegrator, and a supply-referred 25 mV voltage reference. 
Whenever the peak IF signal exceeds 25 mY, the com- 
parator drives Q11 to reset the digital envelope detector 
capacitor, C12. Since It takes 30 "s for the 1 iiA current 
source to ramp C12 to the 3V (V+ /2) necessary to fire the 
Schmitt 
trigger, 
the 
presence 
of 
455 
kHz 
carrier 


(period = 2.2 "s) greater than 25 mVp will prevent C12 from 
ever reaching this threshold. When the carrier drops out, 
the Schmitt trigger will respond 30"s later. This delay (like 
that associated with the burst response of the 455 kHz IF 
tanks) Is constant over the time Interval of Interest. ThUS,It 
Is of no consequence to timing accuracy because the 
LM1872 responds only to negative edges In the decoder. 


Alit; IS provloea onlY to Ine Ir-; tne mixer 
IIClVIIIY 
:;'UIII""I~lll 


overload recovery for the magnitude of signals available 
from a properly operating (i.e. good carrier ON/OFF ratio) 
10,000 "V/m transmitter. 
The AGC differential 
amplifier 


regulates the peak carrier levelto 100mV bycomparing Itto 
an internal 100 mV supply-referred voltage reference. The 
resultant error signal is amplified and drives Q9via rectifier 
diode, D1, to shunt current away from Q10. C8 provides 
compensation forthe AGC loop which spans a70dB range. 
The 100 mV AGC reference is accurately ratioed to the 25 
mV detector reference to permit a controlled amount of 
brief carrier loss before dropping below detectorthreshold. 
Once Into AGC, typically 60% amplitUde modulation of the 
PWM carrier is possible before the detector will recognize 
the interference (see characteristic 
curves). This kind of 


noise immunity Isinvaluable when the troublesome effects 
of other physically close toys or walkie· talkies on the same 
or adjacent frequencies are encountered. 


The purpose of the decoder is to extract the time informa- 
tion from the carrier for the analog channels and the pulse 
count information for the digital channels. The core of the 
decoder is a three-stage binary counter chain comprising 
flip-flops A, B, and C. The demodulated output from the 
detector Schmitt·trigger drives both the counter chain and 
the sync timer (Q12, R2, C6, and another Schmitt trigger). 
When the RF carrier drops out for the first modulation 
pulse, tM,the falling edge advances thecounter(see 
Figure 


2.)During thetM interval the sync timer capacitor is held low 
by Q12. When the carrier comes up again for the variable 
channel interval, tCH'C6 begins to ramp towards threshold 
(V+ /2) but is unable to reach it in the short time that is 
available. At the end of the tCHperiod the carrier drops out 
again, the counter advances one more, and the sequence is 
repeated forthe second analog channel. To decode the two 
analog channels, 3·input NAND gates G1 and G2 examine 
the counter chain binary output so as to identify the time 
slots that represent those channels. Decoded in this man- 
ner, the output pulse width equals the sum of tM, a fixed 
pulse, and tCH'a variable width pulse. A Darlington output 
driver interfaces this repetitive pulse to standard hobby 
servos. 


Following the transmission of the second analog channel, 
a variable quantity from one to four, of fixed width pulses 
(500"s) are transmitted that contain the digital channel in- 
formation. Upuntil the end of the pulse group frame period, 
tF, the decoder responds as if these fixed pulses were 
analog channels but delivers no outputs. At the conclusion 
of the frame the sync pulse, tSYNC'is sent. Since tSYNCis 
always made longer than thesynctimerperiod(t'SYNC = 3.5 
msl, the sync timer will output a sync signal to the first of 
two cascaded 10"s one-shots. The first one·shot enables 
AND gates G3-G6 
to read the A and B flip-flops of the 


counter into a pair of RSlatches. The state of flip·flop A, for 
example, is then stored and buffered to drive 100mA sinkor 
source at the channel A digital output. An identical parallel 
path allows the state of flip-flop B to appear at the channel 
B power output. Upon conclusion of the 10 "S read pulse, 
another 10"s one·shot is triggered that resets the counter 
to be ready for the next frame. 


A typical application circuit for either 27 MHz or 49 MHz 
is shown in Figure 5. Using the recommended antenna In· 
put networks and driving the circuit through the antenna 
simulation 
network of Figure 6, a solid decoded output 
occurs for 10 ,..Vand 12 ,..VInput signals at 27 MHz and 
49 MHz respectively. 


FIGURE6. Antenna Simulation Network 


This sensitivity 
has been determined empirically 
to be 


optimum 
for toy vehicle 
applications. 
Less gain will 


reduce range unacceptably and more gain will increase 
susceptibility 
to noise. However, should the application 


require greater range (>50m for a land vehicle, for exam- 
ple), either the antenna could be lengthened beyond 2' 
andlor receiver sensitivity could be improved. There are a 
number of ways to alter the sensitivity 
of the receiver. 
Decreasing the turns ratio of input transformer, T3, for 
example, will couple more signal into the mixer at the ex· 
pense of lower tank a due to mixer loading. Moving the 
primary tap on mixer transformer, T1, further from the 
supply side andlor decreasing the primary to secondary 
turns ratio will also increase gain. For example, just 
changing T1 from a 32:1 primary to secondary ratio to a 
5:1 turns ratio (Toko #RMC202202) will double 49 MHz 
sensitivity (6 p.V vs 12 p.V). Mixer tank a will be affected 
but overall 3 dB BW will remain largely unchanged. The 
primary tap on the IF transformer, T2, can also be ad- 
justed (further from the supply side) for higher gain, but it 
+- 


Is possible to cause the AGC loop to oscillate with this 
method. 


Narrow overall bandwidth Is important for good receiver 
operation. The 3.2 kHz 3 dB bandwidth of the circuit In 
Figure 5 is just 
wide enough to pass 500 ,..s carrier 
dropout pUlses, tM, yet narrow enough to hold down elec· 
trlcal 
noise and reject potentially 
Interfering 
adjacent 
channels. 
In the 49 MHz band, the five frequencies 
available are only 15 kHz apart. Should only two frequen- 
cies be used simultaneously, 
these channels couid be 
chosen 60 kHz apart. Should three frequencies be used, 
the spacing could be no more than 30 kHz. At four or five 
frequencies, 15 kHz spacings must be dealt with, making 
narrow bandwidth 
highly desirable. 
Even at 27 MHz, 


where allocated frequencies are 50 kHz apart, the pro- 
liferation of CB stations only 10 kHz away represents a 
formidable 
source of Interference. The response of the 
circuit of Figure 51s 34 dB and 56 dB down at 15 kHz and 
50 kHz away, respectively (see characteristic 
curves). 


The sync timer should have a timeout, t'SYNC'set longer 
than the longest channel pulse transmitted, 
but shorter 


than the shortest sync pulse, tSYNC'transmitted. 
Using 
the component values in Figure 5, t'SYNC'= 3.5 ms, which 
works well with a transmitted 
synce pulse, tSyNc••5 ms. 


Numerous 
bypass capacitors 
appear in the circuit 
of 
Figure 5, not all of which may be necessary for good 
stability 
and performance. 
A low cost approach 
may 


eliminate one or more of the capacitors C1, C9, C10, and 
C11. The cleaner and tighter the PCB layout used, the 
more likely Is the case that bypass capacitors 
can be 
eliminated. 
In the case of marginal board stability, 
in- 


creasing the size of capacitors C7, C9, and C10 to 0.1 ,..F 
may prove helpful. If the PCB layout and parts loading 
diagram shown in Figure 7 Is used, the circuit 
will be 
quite stable upto 72 MHz. 


FIGURE 7. 
PCB Layout, Stuffing 
Diagram and Complete 
RX Module for Typical Application 
Circuit of Figure 5 


The digital 
channel 
output 
devices 
have significant 
drive 
capability; 
they can typically 
sink 100 mA and posses 
a 
70 saturation 
resistance. 
Through 
their emitters 
they can 
source 
100 mA up to 1V above ground 
for driving 
ground- 
ed NPNs 
and 
SCRs. 
Unfortunately, 
this 
kind 
of drive 
capability 
can cause thermally 
induced 
chip destruction 
unless 
total 
power 
dissipation 
is limited 
to 
less 
than 
1000 mW. It is good practice 
and highly recommended 
to 
allow 
the digital 
output 
devices 
to fully 
saturate 
at all 
times 
(sinking 
or sourcing) 
and to limit 
the 
current 
at 
saturation 
to no more than 
100 mA. For extra 
drive the 
two digital 
outputs 
can always 
be summed 
by connect- 


ing pin 7 to pin 9. 


The IF frequency 
is not constrained 
to be 455 kHz. Opera- 


tion is limited 
on the high end to about 
1 MHz due to the 
frequency 
response 
limitations 
of the active 
detector. 
The 
low 
end 
is 
limited 
to 
about 
50 kHz 
due 
to 
the 
envelope 
detector 
integration 
time (Figure 
4). 


Receiver 
Alignment 


The receiver alignment 
procedure 
is relatively 
straightfor- 
ward because 
of an absence 
of interaction 
between 
the 
adjustments. 
Fitst, the oscillator 
is tuned by adjusting 
L1 
while monitoring 
the LO signal 
at pin 2 with a low capaci- 


ty (~10 pF) probe. 
During 
tuning 
the ampli!tJde 
will 
rise, 


peak, and then abruptly 
quit. Adjust 
the.tf.'1 
away from 
the quitting 
point 
and just 
below 
the amp.ltude 
peak. 


In order 
to properly 
tune 
T1, T2, and T3, the RF signal 
must 
be provided 
through 
the 
receiver 
antenna 
by the 
specific 
transmitter 
which 
is to be used with that specific 
receiver. This is because 
the crystals 
which are common- 
ly used with these systems 
may have tolerances 
as loose 
as ± 0.01 %. At 49 MHz the resultant 
± 5 kHz deviation 
could 
easily 
put the incoming 
signal 
out of the 3.2 kHz 
receiver 
IF bandpass. 
The 
signal 
should 
be coupled 
through 
the receiving 
antenna 
to ensure 
proper 
loading 
of the T3 input 
tank. 


Alignment 
is easier 
with 
a defeated 
AGC, which 
is ac- 
complished 
by merely grounding 
pin 16. The amplitude 
of 
the455 kHz signal at pin 15 is used to guide alignment. 
Care 
should 
be exercised 
that 
the signal 
swing 
not exceed 
roughly400 
mVpordiode, 
D2, in Figure 4 will threshold 
and 
clamp the waveform. 
Also note that a standard 
10 pF probe 
at pin 15 will 
shift 
the IF tank 
frequency 
an undesirable 
2 kHz. Unless 
a lower 
capacity 
probe 
is available, 
it is 
recommended 
that the signal 
be monitored 
at the unused 
secondary 
of T2. Although 
the signal 
amplitude 
would 
be 
down by a factor of 8.25 relative to pin 15, up t050 pF probe 
capacitance 
could 
be tolerated 
with negligible 
frequency 
shift. 


The incoming 
signal 
is obtained 
by removing 
the antenna 
from the transmitter 
and then locating 
the transmitter 
at 
a sufficient 
distance 
from the receiver 
to give a conven· 
lent signal 
level (",400 mVp) at pin 15. T3, T1, and T2 are 
then tuned 
for maximum 
signal. 


Operation 
at 72 MHz 


The licensed 
72 MHz band is popular 
among 
hobby 
en- 
thusiasts 
for controlling 
aircraft. 
The higher 
transmitted 
power 
levels 
that 
the 
FCC allows 
yield 
much 
greater 
operating 
range 
and the frequency 
band 
is uncluttered 
relative 
to 27 MHz. Elevated 
frequencies 
such as 72 MHz 
are no problem 
with 
the LM1872. The part is stable 
and 
will 
provide 
good 
sensitivity 
and selectivity 
at that 
fre- 
quency. 
The application 
circuit 
in Figure 
8 will provide 
a 
set of solid 
decoded 
outputs 
for <2 IJ-Vof signal 
at the 
antenna 
input, 
which 
is designed 
to 
match 
the 
1000 
resistive 
impedance 
of the 
1/4 wavelength 
antenna. 
IF 
bandwidth 
is a respectable 
3.2 kHz. For good immunity 
to 
overload 
from 
a very 
closely 
(antennas 
touching) 
operating 
high power transmitter, 
the transmitter 
design 
should 
empha"size a high carrier 
ON/OFF 
ratio. Using the 
LM1871 as a low power exciter 
to drive one or more exter- 
nal class C power amplifier 
stages will result in a simple, 


acceptable, 
low cost transmitter 
at 72 MHz. 


Inasmuch 
as many 
hobby 
applications 
require 
more 
analog 
channels 
than the LM1872 normally 
provides, 
par· 


tlcular 
attention 
should 
be paid 
to 
Figures 
10 and 
12 
which 
describe 
how to expand 
analog 
channel 
capacity 
up to 4 and 6 channels, 
respectively. 


Operation 
with 
an IR Carrier 


An infra-red 
(or visible) 
light data link is a usefui 
alterna- 
tive to its RF counterpart. 
Should the application 
demand 
that the radiation 
not leave the room, or that 
it be direc- 


tional, 
or not involve FCC certification 
then a light carrier 
should 
be given consideration. 
The principai 
drawbacks 


to this 
approach 
include 
short 
range ("'20 ft.) and high 
transmitter 
power 
consumption. 
There 
is little 
that 
can 
be done to dramatically 
improve 
range, 
but short 
burst- 
type operation 
of the transmitter 
will still 
permit 
battery 
operation. 


The information 
link (Figure 
9a) consists 
of a light carrier 
amplitude 
modulated 
by a 455 kHz subcarrier. 
The sub- 
carrier 
in turn 
is modulated 
by the normal 
Pulse Width/ 
Pulse Count Scheme 
produced 
be the LM1871 encoder. 
A 
husky, 
focused 
LED is used as the transmitter 
running 
Class 
A 100% 
moduiated 
with 
an average 
current 
drain 
of 50 mA to 500 mA depending 
upon range requirements. 


The detector 
consists 
of a large area silicon 
PN or PIN 
photodiode 
for good sensitivity. 
The LM1872 will directly 
interface 
to 
such 
a diode 
and 
give 
very 
good 
perfor- 
mance. 
Only a few nanoamps 
of photo 
current 
from 
D1 
are required 
to threshold 
the detector. 
Ambient 
light 
re- 
jection 
is excellent 
due to the very narrow 
bandwidth 
(~3 
kHz) that 
results 
from 
the use of three 
high 
Q 455 kHz 
transformers, 
T1, T2, and T3. Note that the LO has been 
defeated 
and the mixer 
runs as a conventional 
455 kHz 
amplifier. 
Otherwise, 
circuit 
operation 
is the same as if 
an RF carrier 
were being received. 
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At 
- Motor decoupling 
t' 


R2 - Sync timer; R2= 
SYNC, R2s470k 
0.7 C6 


R3 
- Mixer decQupling 


C1 
- LO bypass; optional 


C2 
- LO tank; C2 = 22 pF @ 72 MHz 


C3 
- Ant. input tank; C3 = 24 pF @ 72 MHz 


C4 
- VBIAS bypass 


C5 
- Motor decQupling 


C6 
-Synetimer;C6= 
t'SYNC,C6s0.5,F 
0.7 R2 


C7 
- Mixer decouple; O.01ItF.sC7.s0.1J{F 


C8 
- AGC 


C9 
- IF bypass; optional 


Cl0 - V+ 
bypass; 0.01 ,FsCl0s0.l,F 


C, 
To.01 


C12 - Ant. input tank; C12 = 160 pF @ 72 MHz 


L1 
- 
LO coil 
Toko' 
10k type (KENC) 4T; 0.2 ,H 
@ 72 MHz 
L1 could be made a fixed coil, if desired. 


T1 
- 
455 kHz mixer transformer 
Toko' 
10 EZC type (RMC-502182), Qu = 110 


Pin 1-2, 
82T; pin 2-3, 82T 
Pin 1-3, 164T; pin 4-6, 30T 


T2 
- 
455 kHz IF transformer 
Toko' 
10 EZC type (RMC-502503), Qu = 110 


Pin 1-2, 
82T; pin 2-3, 82T 
Pin 1-3, 164T;pin 4-6, 
8T 


T3 
- 
Ant. input transformer 
Toko -10k type (KENC), 4T sec. & 2T pri. of 0.2 ,H 
@ 


72 MHz 


Xt 
- 
5th overtone crystal, parallel-mode, 
72 MHz 


01 
- 
Electrostatic 
discharge (ESO) protection 


• Toka America, 
Inc. 


5520 West Touhy Ave. 
Skokie, III. 60077 
(312)677-3640 Tlx: 72-4372 


In a practical 
remote data link, the transmitter 
could be 
battery operated 
and set up to transmit 
for brief intervals 
only in order to save power. The brief transmission 
could 


be used to set or reset the digital 
output 
latches 
in the 
LM1872 and lor command 
new motor 
positions 
via the 
analog 
channels_ 
After 
transmission, 
the 
commands 
would 
be stored 
electrically 
in the case of the digital 


As a final 
note, 
if the case of D1 is connected 
to the 


anode 
rather than the cathode, 
the circuit 
of Figure 
9b 
should 
be used at the input to maintain 
electromagnetic 
shielding_ 


MIX 
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IF IN 
AGC 
IF OUT 
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17 
16 
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C8 
1 
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-= 
R3 
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200 
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"J"0.01 


C3 
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CH 8 
(COLLECTOR) 


CH 8 
CH , 
(EMITTER) 


10 
nn 


ANALOG 
OUTPUTS 


R1 
- Load decoupling 
t 


R2 
-Synctimer;R2= 
__ 
.R2:s470k 
0.7 C6 


R3 
- Preamp decoupling 


R5 
- Photodiode decoupling 


C1 
- Photodiode decoupling 


C2 
- VBIAS bypass 


C3 
- V+ 
bypass 


C4 
- Load decoupling 


C5 
- IF bypass; optional 
t' 
C6 -Synetlmer;C6= 
SYNC,C6s0.5.F 
0.7 R2 


C7 
- Preamp decoupling 


C6 
- AGC 


T1 
- 
455 kHz preamp transformer 
Toko· 
10 EZC type (RMC-502182),au = 110 


Pin 1-2, 
82T; pin 2-3, 82T 


Pin 1-3, 164T; pin 4-6, 30T 


T2 
- 
455 kHz IF transformer 
Toko· 
10 EZC type (RMC-402503),au = 110 


Pin 1-2, 
98T; pin 2-3, 66T 


Pin 1-3, 164T; pin 4-6, 
8T 


T3 
- 
455 kHz input transformer 
Toko· 
10 EZC type (RMC-202313),au = 110 
Pin 1-2, 131T; pin 2-3, 33T 
Pin 1-3, 164T; pin 4-6, 
5T 


01 
- 
PN or PIN Silicon 
Photodiode 


Photodiodo, 01 


Vactec 
VTS 5088 
Vaetee 
VTS 6089 
UOT 
PIN 60 or 6 DP 
UDT 
PIN 220 DP 


Siemens 
SPY 12 


.• Taka America, 
Inc. 
5520 West Touhy Ave. 
Skokie, III. 
60077 


(312)677-3640 Tlx: 72-4372 


Activo Aro. (cm2) 


0.18 
0.52 
0.20 


2_D 
0.20 


CI 
0.01 


~ 
rr 


FIGURE 
9b. 
Input Stage Where 
the Case of 01 Is 
Connected 
to the Anode 


between any two sync (or pseudo-sync!) pulses, the chan- 
nels are capable of toggling in step with the alternating 
transmission of two and three channel pulse mini-groups 
occurring within each half frame. Figure 
10a reveals that 
both digital channels A and B are high during the dual 
pulse half frame and low during its triple pulse counter- 
part. Figure 
10b shows just how simple the external cir- 
cuitry can be. Digital channel B drives the channel select 
pin of a quad 2-input MUXthat routes the LM1872chan- 
nels 1 and 2 outputs to the four new outputs labeled 
analog 1 through 4. 


For those applications that require more than the two 
analog channels that are normally provided, the LM1872 
can easily be expanded to 4 channels with appropriate 
external circuitry. This is accomplished by creating a 
pseudo-sync pulse (tps) among a six channel transmitted 
frame from the LM1871 (Figure 
10). The pseudo-sync 
pulse deceives the decoder in the LM1872 causing 
premature recognition of end-ol-frame, effectively split- 
ting a single' frame into two. The idea is to transmit 
analog channels 1 and 2 in the first half of the normal 
frame period and analog channels 3 and 4 in the second 
half. External logic will then steer the lour channels Irom 
the LM1872's only two analog output pins into four new 
analog outputs. Steering is accomplished with the help 
of one of the digital channels. Inasmuch as the digital 
channels respond only to the number 
of pulses received 


RX 
OUTPUTS 
PRIOR 
TO 
CHANNEL 
SEPARATION 


AUXILIARV 
OECOOER 
ANALOG 
OUTPUTS 


Although 
not the model of simplicity 
of Figure 
10b, 
Figure 
10c is a lower cost alternative that works just as 
well. The diodes with the asterisk prevent a ground step 
from occurring that could false trip an excessively edge 
sensitive servo and can be eliminated in many cases. 


Tx{1 
rA1-rA21 
l-tps~I-A3-rA41 
'I 
30-01 
PSEUOO·SVNC 
m====S=VN=C==== 


-fI 
n 
_ 


ANALOG 
ANALOG 
1 
3 
__ n 
n__ 


ANALOG 
ANALOG 
2 
4 
--------------- 
---fI 
_ 


ANALOG 
1 
__n 
_ 


ANALOG 
2 
_____ 
n 
_ 


ANALOG 
3 
_____ 
n__ 


ANALOG 
4 


FIGURE 10. Deriving Four Analog Channels Through the Use of 
an Auxiliary Decoder 
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MM74C157 
llUAO 
2·INPUT 
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CH A (COll) 


lM1872 


CH A (EM) 


ANALOG 
OUTPUTS 
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c) Low-Cost 
Decoding 
of Four Analog 
Channels 
wllh 
DTL 


FIGURE 10. Deriving 
Four Analog 
Channels 
Through 
the Use of 
an Auxiliary 
Decoder 


Four Single Channel 
Receivers 
Driven from a Single 


Transmitter 


When II Is desired 10 control more than two vehicles or 
remote stations 
with the analog Information 
from a 


single transmitter, the LM1872can be put to the task. By 
utilizing the frame splitting 
technique previously de· 


scribed In Figure 
10, up to four Independent single 


analog channel receivers can be made to operate from a 


single transmitter (Figure 
11).Toggling digital channel A, 


either directly or through an Inversion, Is used to sup- 
press a given receiver's 
analog 
output 
when the 


undesired analog channels are transmitted. In this man- 
ner, only the desired analog channel Is outputted at each 
receiver.The amount of external circuitry required to do 
this Is minimal; two receivers require a single transistor 
apiece while the other two receivers need no extra parts 
at all. 
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a) Transmitter, Receiver, and Separated Channels Timing Diagram 


FIGURE 11. Obtaining Four Independent Single Analog Channel Receivers 
from a Single Common Transmitter 


Expansion 
to Six Analog 
Channels 


Still greater analog capacity can be obtained with an out· 
board auxiliary decoder. The LM1B72, a simple com- 
parator, and an B-bit parallel-out serial shift register com· 
prise a six analog channel receiver/decoder (Figure 12). 
The one transistor comparator reconstructs the detector 
output of the LM1B72from the sync timer waveform and 
feeds it to the clock input of the shift register. The chan· 
nel 1 output then loads a "one" into the register and the 
clock shifts the "one" down the line of analog channel 
outputs in accordance with the time information from the 
detector output. Note that the reconstructed detector 
waveform lags the channel 1 output very slightly (~10I's) 
due to the finite slope of the sync capacitor discharge 
edge.This delay is very important as it insures that chan- 
nel 1 is high when the clock strikes initially (thus loading 
a "1") and low for each subsequent positive clock edge 
(thus preventing the loading of extraneous "1's"). 


Converting 
an Analog 
Channel 
to a Digital 
Channel 


Either analog channel can be converted to a digital chan· 
nel with the aid of a low cost CMOS hex inverter (Figure 
13).The internal 10k resistor and external capacitor, C1, 
set a time constant (1 ms) that falls between a short (0.5 
ms) and a long (2 ms) transmitted 
pulse option. For 
pulses longer than 1 ms, the first inverter will pull low 
momentarily once each frame. Repetitive discharges of 
C2 prevent it from ever reaching 
threshold 
(V + i2) 
because the R1 C2 time constant is set longer (70 ms) 
than the 
frame period. With the inverter input below 
threshold, 01 will energize the load. For analog output 
pulses shorter than 1 ms, the first inverter will back bias 
D1 allowing C2 to ramp past threshold and 01 to go off. 
For extra output drive, the remaining inverters in the 
package can be paralleled to drive 01. Alternatively, for 
light loads 01 can be eliminated altogether. 
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Timing 
Diagram 
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b) Six Channel 
Auxiliary 
Decoder 


FIGURE 12. Deriving Six Analog 
Channels 
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Where only one of the two available analog channels 
needs conversion 
to a digital 
format, 
the LM555 ap- 
proach offers simplicity 
combined with up to 150 mA of 
output drive (Figure 14).The trailing edge of CH 1's out· 
put pulse is used to reset the timer in preparation for 
comparing CH 2's pulse width to the time constant (1.1 
ms) set by the internal 10k resistor and C1. For CH 2 
pulse widths greater than 1.1 ms C1 ramps to threshold, 


C1 
0.15 J1F 
T±10% 


setting an internal latch in the LM555 and causing the 
load to be energized. Due to the timing of the reset pulse, 
however, the LM555 output will go high again for 1.1 ms 
during the next pulse comparison cycle thus producing 
an ON state duty cycle of about 95%. For most common- 
ly encountered loads such as motors, solenoids, lamps, 
and horns, this is of little consequence. The OFF state 
duty cycle is 100%. 


C2 
0.01 J1FT 


FIGURE 13. Conversion of an Analog Channel 
to a Digital (On/Off) Channel 


10k 
.../1.. 


12 


C1 
0.10 J1F 


±10%T 


10k 
r-1 
.J 
L. C2 


11 
0.001 


LM1872 
V+ 


10k 


11 


14 
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Bridge Driving a Motor 


The two digital 
channels 
can be used to propel 
a car for- 
ward, off, and reverse without 
the need for a costly 
servo 
(Figure 
16). The 100 mA digital 
output 
capability 
is used to 
drive a bridge of four transistors 
with 05 added as a protec· 
tion device. Should 
an erroneous 
command 
to power both 
sides of the bridge occur (as may happen due to noise with 
the car out of range) the large motor drive transistors 
would 
fight 
one another 
resulting 
in the thermal 
destruction 
of 
one or more of those 
devices. 
But 05 will disable 
the left 
side 
of the 
bridge 
whenever 
the 
right 
side 
is powered 
preventing 
the 
problem 
from 
ever occurring. 
The motor 
noise 
suppression 
network 
shown 
has 
proven 
to 
be 
especially 
effective 
in reducing 
electrical 
noise 
and 
is 
therefore 
highly recommended. 


Noise 
Integration 
of a Digital 
Channel 


Commonly 
available 
inexpensive 
DC motors 
are a for- 
midable 
source 
of electromagnetic 
interference. 
Radia- 


tion can come 
from the power feed leads and/or 
directly 
from 
the 
brushes. 
Usually 
proper 
lead dress 
and board 
orientation 
coupled 
with a good filter 
network 
(see Figure 
16) will 
eliminate 
any problems. 
In particularly 
stubborn 
cases of motor 
interference, 
the digital 
channels 
may ex- 


perience 
more 
objectionable 
interference 
than 
the 
anaiog 
channels. 
This 
is generally 
not 
because 
the 
digital 
channels 
are 
more 
susceptible, 
but 
rather 
because 
the type of load they typically 
drive (i.e. a horn) 
will 
make 
more 
of 
a nuisance 
of 
itself 
than 
a typical 
analog 
load 
(i.e. a steering 
servo) 
when 
subjected 
to 
interference. 


Straightforward 
time integration 
of the digital 
channel 
out- 


puts works very well with any type or degree of motor 
in- 


terference. 
Thesimple 
circuits 
of Figure 
17integrateover 
a 
period of about three frames(70 
ms) and have approximate- 
ly equal delay either going off or coming 
on. 


a) Low Current Load 
b) High Current Load 


FIGURE17. Integrating a Digital ChannelOutput to Achieve Noise Immunity 


~National 
~ 
Semiconductor 


LM2907, LM2917 Frequency to Voltage Converter 


General Description 


The LM2907, 
LM2917 
series are monolithic 
frequency 


to voltage converters with a high gain op amp/compara- 
tor designed to operate a relay, lamp, or other load when 
the input 
frequency 
reaches or exceeds a selected rate. 
The 
tachometer 
uses a charge pump 
technique 
and 


offers 
frequency 
doubling 
for 
low 
ripple, 
full 
input 


protection 
in 
two 
versions 
(LM2907-8, 
LM2917-8) 


and its output 
swings to ground for a zero frequency 


input. 
Advantages 


• 
Output 
swings to 
ground 
for zero frequency 
input 


• 
Easy to use; VOUT 
= fiN 
X Vcc x Rl x Cl 


• 
Only 
one RC network 
provides frequency 
doubling 


• 
Zener regulator 
on chip 
allows accurate and stable 


frequency to voltage or current conversion. (LM2917) 


• 
Ground 
referenced 
tachometer 
input 
interfaces 
directly 
with 
variable 
reluctance 
magnetic 
pickups 


• 
Op 
amp/comparator 
has floating 
transistor 
output 


• 
50 mA sink or source to operate relays, solenoids, 
meters, or LEOs 


• 
Frequency doubling for low ripple 


• 
Tachometer 
has built-in 
hysteresis with either differ- 
ential input or ground referenced input 


• 
Built-in zener on LM2917 


• 
±0.3% linearity typical 
• 
Ground 
referenced 
tachometer 
is fully 
protected 
from 
damage due to 
swings above Vcc 
and below 


ground 


Applications 


• 
Over/under speed sensing 
• 
Frequency 
to 
voltage 
conversion 
(tachometer) 


• 
Speedometers 


• 
Breaker point dwell meters 


• 
Hand-held tachometer 


• 
Speed governors 


• 
Cruise control 
• 
Automotive 
door lock control 


• 
Clutch control 


• 
Horn control 
• 
Touch or sound switches 


Order Number 
LM2907J 
See NS Packago J14A 
Order 
Number 
LM2907N 
Soo NS Packago N 14A 


Ordor Number 
LM2917J 
Soo NS Packago J14A 
Ordor 
Number 
LM2917N 
See NS Packago N14A 


Absolute 
Maximum 
Ratings 
(Note 
1) 


Supply Voltage 
28V 
Input 
Voltage 
Range 


Supply Current (Zener Options) 
2SmA 
Tachometer 
LM2907·8. LM2917·8 
t28V 


Collector 
Voltage 
28V 
LM2907. LM2917 
O.OVto +28V 


Differential 
Input 
Voltage 
Op Amp/Comparator 
O.OVto +28V 


Tachometer 
28V 
Power 
Dissipation 
SOOmW 


Op Amp/Comparator 
28V 
Operating 
Temperature 
Range 
--400 C to +850 C 
Storage Temperature 
Range 
~SoC to +1S0°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics 
v cc = 12 Voc, 
T A = 25°C, see test circuit 


PARAMETER 
I 
CONDITIONS 
I 
MIN 
I 
TYP 
I 
MAX 
I 
UNITS 


TACHOMETER 


Input 
Thresholds 
V,N = 250 mVp-p 
@ 1 kHz 
(Note 
2) 
±10 
±15 
±40 
mV 


Hysteresis 
V'N = 250 mVp-p 
@ 1 kHz 
(Note 
2) 
30 
mV 


Offset 
Voltage 
V,N = 250 mVp-p 
@ 1 kHz 
(Note 
2) 


LM2907 /LM291 
7 
3.5 
10 
mV 


LM2907-8/LM2917-8 
5 
15 
mV 


Input 
Bias Current 
V,N = ±50 mVoc 
0.1 
1 
IJA 


VOH 
V,N = +125 mVoc 
(Note 3) 
8.3 
V 


Pin 2 
VOL 
V,N = -125 
mV oc (Note 3) 
2.3 
V 


Output 
Current; 
'2, 
13 
V2 = V3 = 6.0V 
(Note 4) 
140 
180 
240 
pA 


Leakage Current; 
13 
12 = 0, V3 = 0 
0.1 
IJA 


Gain Constant, 
K 
(Note 3) 
0.9 
1.0 
1.1 


Linearity 
fiN = 1 kHz, 5 kHz, 10 kHz. (Note 
5) 
-1.0 
0.3 
+1.0 
% 


OP/AMP 
COMPARATOR 


Vos 
V,N = 6.0V 
3 
10 
mV 


'SlAS 
V,N = 6.0V 
50 
500 
nA 


Input 
Common-Mode 
Voltage 
0 
Vcc-1.5V 
V 


Voltage 
Gain 
200 
V/mV 


Output 
Sink Current 
Vc = 1.0 
40 
50 
mA 


Output 
Source Current 
VE 
= Vcc 
-2.0 
10 
mA 


Saturation 
Voltage 
ISINK = 5 mA 
0.1 
0.5 
V 


ISINK = 20 mA 
1.0 
V 


ISINK = 50 mA 
1.0 
1.5 
V 


ZENER 
REGULATOR 


Regulator 
Voltage 
ROROP = 470n 
7.56 
V 


Series Resistance 
10.5 
15 
n 


Temperature 
Stability 
+1 
mVtC 


TOTAL 
SUPPL Y CURRENT 
3.8 
6 
mA 


Note 1: For 
operation 
in ambient 
temperatures 
above 
25°C, 
the 
device 
must 
be derated 
based 
on a lscfc maximum 
junction 
temperature 
and a 
thermal 
resistance 
of 17SoC/W 
junction 
to ambient 
for package 
22 and 
16 or a thermal 
resistance 
of 18-,0 C/W junction 
to ambient 
for package 
20. 


Note 
2: Hysteresis 
is the sum 
+VTH-(-VTHI, 
offset 
voltage 
is their 
difference. 
See test 
circuit. 
Not. 3: VOH is equal to 3/4 x VCC - 
1 VBE, VOL is equal to 1/4 x VCC - 
1 V8E therefore VOH - 
VOL = VCC/2_ The difference, VOH - 


VOL, 
and the mirror 
gain, 
12113, are the two 
factors 
that 
cause 
the tachometer 
gain constant 
to vary from 
1.0. 


Note 
4: Be sure 
when 
choosing 
the 
time 
constant 
Rl 
x Cl 
that 
Rl 
is such 
that 
the maximum 
anticipated 
output 
voltage 
at pin 3 can be reached 


with 
13 x Rl. 
The maximum 
value 
for Rl 
is limited 
by the output 
resistance 
of pin 3 which 
is greater 
than 
10 Mn 
tYpically. 


Note 
5: Nonlinearity 
is defined 
as the 
deviation 
of Vout 
(@ pin 3) for fiN::: 
5 kHz from 
a straight 
line defined 
by the VOUT@ 
1 kHz and VOUT 


@ 10 kHz. Cl 
= 1000 pF, R1 = 68k and C2 = 0.22 mFd. 
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The 
op 
amp/comparator 
is fully 
compatible 
with 
the 


tachometer 
and 
has 
a floating 
transistor 
as its output. 
This 
feature 
allows 
either 
a ground 
or 
supply 
referred 


load 
of up to 
50 mA. 
The collector 
may 
be taken 
above 


Vcc 
up to a maximum 
VCE 
of 28V. 


The 
two 
basic 
configurations 
offered 
include 
an 
8·pin 


device 
with 
a ground 
referenced 
tachometer 
input 
and 


an 
internal 
connection 
between 
the 
tachometer 
output 


and 
the 
op 
amp 
non·inverting 
input. 
This 
version 
is 
well 
suited 
for 
single 
speed 
or 
frequency 
switching 
or 


fully 
buffered 
frequency 
to 
voltage 
conversion 


applications. 


C'T'C 
TACHOMETER 
INPUT 


The 
lM2907 
series 
of 
tachometer 
circuits 
is designed 


for 
minimum 
external 
part 
count 
applications 
and 


maximum 
versatility. 
In 
order 
to 
fully 
exploit 
its 
features 
and 
advantages 
let's 
examine 
its 
theory 
of 


operation. 
The 
first 
stage 
of 
operation 
is a differential 


amplifier 
driving 
a positive 
feedback 
flip-flop 
circuit. 


The 
input 
threshold 
voltage 
is the 
amount 
of differen- 
tial 
input 
voltage 
at 
which 
the 
output 
of 
this 
stage 
changes 
state. 
Two 
options 
(lM2907-8, 
lM2917-8) 


have 
one 
input 
internally 
grounded 
so 
that 
an 
input 


signal 
must 
swing 
above 
and 
below 
ground 
and 
exceed 


the 
input 
thresholds 
to 
produce 
an 
output. 
This 
is 
offered 
specifically 
for 
magnetic 
variable 
rei uctance 
pickups 
which 
typically 
provide 
a 
single-ended 
ac 


output. 
This 
single 
input 
is also fully 
protected 
against 


voltage 
swings 
to 
±28V, 
which 
are easily 
attained 
with 


these 
types 
of pickups. 


The 
differential 
input 
options 
(lM2907, 
lM2917) 


give 
the 
user 
the 
option 
of 
setting 
his 
own 
input 


switching 
level 
and 
still 
have 
the 
hysteresis 
around 
that 
level 
for 
excellent 
noise 
rejection 
in 
any 
application. 
Of course 
in order 
to allow 
the 
inputs 
to attain 
common- 
mode 
voltages 
above 
ground, 
input 
protection 
is removed 


The 
more 
versatile 
configurations 
provide 
differential 
tachometer 
input 
and 
uncommitted 
op 
amp 
inputs. 


With 
this 
version 
the 
tachometer 
input 
may 
be floated 
and 
the 
op amp 
becomes 
suitable 
for active 
filter 
condi· 


tioning 
of the tachometer 
output. 


Both 
of these 
configurations 
are available 
with 
an active 
shunt 
regulator 
connected 
across 
the 
power 
leads. 
The 


regulator 
clamps 
the 
supply 
such 
that 
stable 
frequency 
to 
voltage 
and 
frequency 
to 
current 
operations 
are 


possible 
with 
any 
supply 
voltage 
and 
a suitable 
resistor. 


NEGATIVE 
/J 
INPur-'/ 
/ 


THRESHOLD 


POSITIVE 


/ 
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~ 
THRESHOLD 


and 
neither 
input 
should 
be taken 
outside 
the 
limits 
of 
the 
supply 
voltage 
being 
·used. 
It 
is 
very 
important 


that 
an 
input 
not 
go below 
ground 
without 
some 
resis- 


tance 
in its lead to 
limit 
the 
current 
that 
will then 
flow 


in the epi-substrate 
diode. 


Following 
the 
input 
stage 
is the 
charge 
pump 
where 
the 
input 
frequency 
is converted 
to a dc voltage. 
To do this 
requires 
one 
timing 
capacitor, 
one 
output 
resistor, 
and 
an 
integrating 
or 
filter 
capacitor. 
When 
the 
input 
stage 
changes 
state 
(due 
to 
a suitable 
zero 
crossing 
or differ- 
ential 
voltage 
on the 
input) 
the timing 
capacitor 
is either 
charged 
or 
discharged 
linearily 
between 
two 
voltages 
whose 
difference 
is Vcc/2. 
Then 
in one 
half 
cycle 
of 


the 
input 
frequency 
or 
a time 
equal 
to 
1/2 
fiN 
the 
change 
in 
charge 
on 
the 
timing 
capacitor 
is equal 
to 


Vccl2 
x C1. 
The 
average 
amount 
of 
current 
pumped 
into 
or out 
of the capacitor 
then 
is: 


. 
Vcc 
~ 
'cIAVG) 
~ C1 
x -2- 
x 
(2f,N) 
~ 
Vcc 
X fiN x C1 


The output 
circuit 
mirrors this current very accurately 


into 
the load 
resistor 
R1, connected 
to ground, 
such 
that 


if 
the 
pulses 
of 
current 
are 
integrated 
with 
a filter 


Applications 
Information 
(Continued) 


capacitor, 
then, 
V 0 
= ie 
x 
R 1, 
and 
the 
total 
conver· 


sion equation 
becomes: 


Vo 
= Vcc 
X fiN x Cl 
x Rl 
x K 


Where 
K is the gain constant-typically 
1.0. 


The 
size 
of 
C2 
is dependent 
only 
on 
the 
amount 
of 
ripple 
voltage 
allowable 
and 
the 
required 
response 
time. 


There 
are some 
limitations 
on the 
choice 
of 
Rl 
and 
Cl 
which 
should 
be considered 
for optimum 
performance. 
The 
timing 
capacitor 
also 
provides 
internal 
compensa· 
tion 
for the 
charge 
pump 
and should 
be kept 
larger than 
100 
pF 
for 
very 
accurate 
operation. 
Smaller 
values 
can 
cause 
an error 
current 
on 
R 1, especially 
at low tempera· 
tures. 
Several 
considerations 
must 
be met when 
choosing 
R 1. The 
output 
current 
at pin 
3 is internally 
fixed 
and 
therefore 
Vo/Rl 
must 
be less than 
or equal 
to this value. 
If R 1 is too 
large, 
it can become 
a significant 
fraction 
of 
the 
output 
impedance 
at pin 
3 which 
degrades 
linearity. 
Also 
output 
ripple 
voltage 
must 
be considered 
and 
the 


size of C2 is affected 
by R 1. An expression 
that 
descri bes 
the 
ripple 
content 
on 
pin 
3 for 
a single 
R 1C2 combin- 
ation is: 


( 
V 
cc 
X fiN x Cl) 
x 
1 - 
------ 
pk-pk 


12 


R 1 
can 
be 
chosen 
independent 
of 
ripple, 


Vcc 
Cl 


VRIPPLE 
= -2- 
x C2 


however 
response 
time, 
or 
the 
time 
it takes 
VOUT 
to 
stabilize 
at 
a new 
voltage 
increases 
as 
the 
size 
of 
C2 
increases 
so 
a 
compromise 
between 
ripple, 
response 
time, 
and linearity 
must 
be chosen 
carefully. 


As a final 
consideration, 
the 
maximum 
attainable 
input 
frequency 
is determined 
by Vcc, 
Cl 
and 
12, 


For 
those 
applications 
where 
an 
output 
voltage 
or 
current 
must 
be obtained 
independent 
of supply 
voltage 
variations, 
the 
LM2917 
is offered. 
The 
most 
important 
consideration 
in choosing 
a dropping 
resistor 
from 
the 
unregulated 
supply 
to the 
device 
is that 
the 
tachometer 
and 
op 
amp 
circuitry 
alone 
require 
about 
3 mA at the 
voltage 
level 
provided 
by 
the 
zener. 
At 
low 
supply 
voltages 
there 
must 
be 
some 
current 
flowing 
in 
the 
resistor 
above 
the 
3 mA 
circuit 
current 
to 
operate 
the 
regulator. 
As an example, 
if the 
raw supply 
varies 
from 
9 to 
16V, 
a resistance 
of 470n 
will 
minimize 
the 
zener 
voltage 
variation 
to 160 mY. 
If the resistance 
goes under 
400n 
or 
over 
600n 
the 
zener 
variation 
quickly 
rises 
above 
200 
mV for the same 
input 
variation. 
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LM3080/LM3080A 
Operational Transconductance Amplifier 


The LM3080 
is a programmable transconductance 
block 


intended to fulfill 
a wide variety of variable gain applica- 


tions. 
The 
LM3080 
has differential 
inputs 
and 
high 


impedance push-pull outputs.- The device has high input 
impedance 
and 
its 
transconductance 
(gm) 
is directly 


proportional 
to the ampl ifier bias current (I ABC). 


The 
LM3080AH 
and 
LM3080AJ 
are guaranteed 
over 


the temperature 
range -55°C 
to +125°C; the LM3080N, 


LM3080H, 
LM3080AN 
and 
LM3080J 
are guaranteed 
from O°C to +70°C. 


High slew rate together 
with 
programmable 
gain make 


the LM3080 an ideal choice for variable gain applications 
such 
as sample and hold, 
multiplexing, 
filtering, 
and 


multiplying. 


• 
Slew Rate (unity gain compensated): 
50 VIlls 


• 
Fully Adjustable 
Gain: 0 to gm RL limit 


• 
Extended gm Linearity: 
3 decades 


• 
Flexible Supply Voltage Range: ±2V to ±18V 


• 
Adjustable 
Power Consumption 


Order Number 
LM3080AJ 
or LM3080J 
See NS Package 
J08A 


Order Number 
LM3080AN 
See NS Package 
N08S 


LM3080A 


Power Dissipation 
Differential 
Input 
Voltage 


Amplifier 
Bias Current 
(IABC) 


DC Input 
Voltage 
Output 
Short Circuit 
Duration 


Operating 
Temperature 
Range 
LM3080N, 
LM3080H, 
LM3080AN 


or LM3080J 
LM3080AH 
or LM3080AJ 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 seconds) 


±22V 


250mW 
±5V 


2mA 


+VS to -Vs 
Indefinite 


O°C to +70°C 
_55°C to +125°C 


-65°C 
to +150°C 


300°C 


LM3080 
LM3080A 


Parameter 
Conditions 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Input Offset Voltage 
0.4 
5 
0.4 
2 
mV 


Over Specified Temperature 
Range 
6 
5 
mV 


IABC = 5!1A 
0.3 
0.3 
2 
mV 


Input Offset Voltage Change 
5!1A" 
IABC" 
500!1A 
0.1 
0.1 
3 
mV 


Input Offset Current 
0.1 
0.6 
0.1 
0.6 
!1A 


Input 
Bias Current 
0.4 
5 
0.4 
5 
!1A 


Over Specified Temperature 
Range 
1 
7 
1 
8 
!1A 


Forward 
Transconductance 
(gml 
6700 
9600 
13000 
7700 
9600 
12000 
!1mho 


Over Specified Temperature 
Range 
5400 
4000 
!1mho 


Peak Output 
Current 
RL = 0, 'ABC = 5!1A 
5 
3 
5 
7 
!1A 


RL = 0 
350 
500 
650 
350 
500 
650 
!1A 


RL = 0 
300 
300 
!1A 
Over Specified Temperature 
Range 


Peak Output 
Voltage 
Positive 
RL = 00, 5!1A" 
'ABC" 
500!1A 
+12 
+14.2 
+12 
+14.2 
V 


Negative 
RL = 00, 5!1A" 
IABC" 
500!1A 
-12 
-14.4 
-12 
-14.4 
V 


Amplifier 
Supply Current 
1.1 
1.1 
mA 


Input Offset Voltage Sensitivity 
Positive 
/iVOFFSET//iV+ 
20 
150 
20 
150 
!1V/V 


Negative 
/iVOFFSET//iV- 
20 
150 
20 
150 
!1V/V 


Common 
Mode Rejection 
Ratio 
80 
110 
80 
110 
dB 


Common 
Mode Range 
±12 
±14 
±12 
±14 
V 


Input 
Resistance 
10 
26 
10 
26 
kn 


Magnitude 
of Leakage Current 
IABC = 0 
0.2 
100 
0.2 
5 
nA 


Differential 
Input Current 
IABC = 0, Input = ±4 V 
0.02 
100 
0.02 
5 
nA 


Open Loop Bandwidth 
2 
2 
MHz 


Slew Rate 
Unity 
Gain Compensated 
50 
50 
V/!1s 


Note 1: 
These specifications apply for Vs = ± 15 V and T A = 2SoC, amplifier 
bias current (IABCl 
= 500 IJA. unless otherwise specified. 


Note 2: 
Selections to supply voltage above ±22V, 
contact the factory. 


i Typical Performance 
Characteristics 
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LM3909 LED Flasher/Oscillator 


General Description 
Features 


The 
LM3909 
is 
a 
monolithic 
oscillator 
specifically 
designed to flash 
Light 
Emitting 
Diodes. By using the 
timing 
capacitor 
for 
voltage boost, 
it delivers pulses of 
2 or more volts to the LED while operating on a supply 
of 
1.5V 
or 
less. The circuit 
is inherently 
self-starting, 
and requires 
addition 
of only 
a battery 
and capacitor 
to function 
as a LED flasher. 


Packaged in 
an 8-lead plastic 
mini-DIP, 
the 
LM3909 
will 
operate 
over the extended 
consumer temperature 
range of -25°C 
to +70°C. 
It has been optimized 
for low 
power drain 
and operation 
from 
weak batteries so that 
continuous 
operation 
life 
exceeds that 
expected 
from 
battery 
rating. 


Application 
is made simple 
by 
inclusion 
of 
internal 


timing 
resistors 
and 
an 
internal 
LED 
current 
limit 
resistor. 
As shown 
in the first two application 
circuits, 
the timing 
resistors supplied are optimized 
for nominal 


flashing rates and minimum 
power drain at 1.5V and 3V. 


Timing 
capacitors 
will 
generally 
be of the electrolytic 
type, and a small 3V rated part will 
be suitable for any 
LED flasher using a supply 
up to 6V. 
However, 
when 
picking 
flash rates, it should be remembered that some 
electrolytics 
have very broad capacitance tolerances, for 
example -20% to +100%. 


• 
Operation 
over one year from 
one C size flashli9ht 
cell 


• 
Bright, 
high current 
LED pulse 


• 
Minimum 
external 
parts 


• 
Low cost 


• 
Low 
voltage 
operation, 
from 
just 
over 
1V to 
5V 


• 
Low 
current 
drain, 
averages under 
0.5 
mA 
during 
battery 
life 


• 
Powerful; as an oscillator directly drives an 8.0. speaker 


• 
Wide temperature 
range 


• 
Finding 
flashlights 
in 
the 
dark, 
or 
locating 
boat 


mooring 
floats 


• 
Sales and advertising 
gimmicks 


• 
Emergency locators, for instance on fire extinguishers 


• 
Toys 
and novelties 


• 
Electronic 
applications 
such as trigger and sawtooth 
generators 


• 
Siren for toy fire engine, (combined oscillator, 
speaker 
driver! 


• 
Warning indicators powered by 1.4 to 200V 
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Connection Diagram 
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Order Number lM3909N 
See NS Package 
NOSB 
Typical Application 


(See applications 
notes on page 9-153) 


Triac Trigger 


Provides 
40 mA. 
1o/ls pulShlt 
.boutS 
kHl. Trilcgltem.y 
be 


pulse 
transformer 
isotatedif 


desired. 
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BYPASS CAPACITOR. 
OA41111 


NOMINALLY 
5 mA. 


Power 
Dissipation 


V+ 
Voltage 


Operating 
Temperature 
Range 


500 
mW 
6.4V 


-25°C 
to 
+70°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Applications 
Note 3) 


Supply Voltage 
(In Oscillation) 
1.15 
6.0 
V 


Operating 
Current 
0.55 
0.75 
mA 


Flash Frequency 
300~F. 5% Capacitor 
0.65 
1.0 
1.3 
Hz 


High Flash Frequency 
0.30~F. 
5% Capacitor 
1.1 
kHz 


Compatible 
LED Forward 
Drop 
1 mA Forward 
Current 
1.35 
2.1 
V 


Peak LED Current 
350~F Capacitor 
45 
mA 


Pulse Width 
350~F Capacitors at 1/2 
6.0 
ms 
Amplitude 


y 
0.7 
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LMJ909 
1.5V 
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0.3 


O.Z 


v+ 
NOMINAL 
CT 
V~ANGE 
FLASH Hz 
Rs 
RF. 


6V 
2 
400pF 
lk 
1.Sk 
S-2SV 


lSV 
2 
180pF 
3.9k 
lk 
13-S0V 


100V 
1.7 
180pF 
43k 
1k 
8S-200V 


lW 


Estimated Battery 
Life 


(Continuous 
1.5V Flasher Operation) 


/' 
V 
/ 


TYPE 
SIZE CELL 
STANDARD 
ALKALINE 


AA 
3 months 
6 months 


C 
7 months 
15 months 


D 
1.3 years 
2.6 years 


0.1 


1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 


BATTERY 
VOLTAGE 
(V) 


Note: 
Estimates 
ar'e 
made 
from 
our 
tests 
and 
manufacturers 
data. Conditions 
are fresh bat- 


teries and room 
temperature. 
Clad or "leak- 


proof" 
batteries 
are 
recommended 
for 
any 
application 
of 
five 
months 
or 
more. 
Nickel 
Cadmium cells are not recommended. 


Note 1: 
All 
capacitors 
shown are electrolytic 
unless marked 
otherwise. 


Note 
2: 
Flash 
rates 
and 
frequencies 
assume 
a ±5% capacitor 
tolerance. 
Electrolytics 
may 
vary 
-20% 
to +100% 
of their 
stated 
value. 


Note 
3: 
Unless 
noted. 
measurements 
above 
are made 
with 
a l.4V 
supply, 
a 25°C 
ambient 
temperature, 
and 
a LED 
with 
a forward 
drop 
of 1.5V 
to 
.1.7V 
at 
1 mA 
forward 
current. 


Note 
4: 
Occasionally 
a flasher 
circuit 
will 
fail 
to oscillate 
due 
to a LED 
defect 
that 
may 
be missed 
because 
it only 
reduces 
light 
output 
10% or so. 


Such 
LEOs 
can 
be identified 
by a large 
increase 
in conduction 
between 
0.9V 
and 
1.2V. 


fo'" 


\ 


CONTACT 
STRIP, 
PASSES 


(lNSULATEDI 
THROUGH 
RING CONTACT 
ON 
CASE BOTTOM 
BULB ASSEMBl Y 


TRANSLUCENT 


Oo-----CJ--~~ 


Nole" 
lM3909, 
capaello., 
and lED 
a'l! IOstalled 10 it while translucent 
cap on the flashlight's 
back end. Only one conliet 
stup 


(10 addition 
to the use 
connectIOn) 
IS needed 
for flashe, 
pow"!. 
DuwlOg tUllen! 
thlough 
The bulb slmplllu!s wlrmg and causes 
neghglble 
loss slOce bulb re5lStancecoid 
IstvPICilly 
less than 2!! 


SYMMETRY 
10kr 


02.uF 


OUT 


1.1 


1.0 


~~ 
0.8 


~ 
0.6 
> 
....~ 
0.' 
•...~ 
0 


0.2 
1-1- 
-f- 


~12-16n 
I::J 
SPEAKER 
I 
I 


Note: 
Continuousappelfinglight 
obtained 
by supplVing 


short, 
high turrent, 
pulses (2 kHz) to LEOs with higher 


thin 
battery 
voltigeilYlilaltle. 


~National 
~ 
Semiconductor 


LM3911 Temperature Controller 


General 
Description 


The 
LM3911 
is a highly 
accurate 
temperature 
measure- 


ment 
and/or 
control 
system 
for 
use 
over 
a -25°C 
to 


+85°C 
temperature 
range_ 
Fabricated 
on a single 
mono- 
lithic 
chip, 
it 
includes 
a temperature 
sensor, 
a stable 


voltage 
reference 
and an operational 
amplifier_ 


The 
output 
voltage 
of 
the 
LM3911 
is directly 
propor- 
tional 
to 
temperature 
in degrees 
Kelvin 
at 
10 mVfK. 


Using 
the 
internal 
op 
amp 
with 
external 
resistors 
any 
temperature 
scale 
factor 
is 
easily 
obtained. 
By 
connecting 
the 
op 
amp 
as a comparator, 
the output 
will 


switch 
as 
the 
temperature 
transverses 
the 
set-point 
making 
the 
device 
useful 
as 
an 
on-off 
temperature 
controller. 


An active 
shunt 
regulator 
is connected 
across 
the power 


leads 
of 
the 
LM3911 
to 
provide 
a stable 
6_8V 
voltage 
reference 
for the 
sensing 
system. 
This 
allows 
the 
use of 


any power 
supply 
voltage 
with 
suitable 
external 
resistors. 


The 
input 
bias 
current 
is low 
and 
relatively 
constant 


with 
temperature, 
ensuring 
high 
accuracy 
when 
high 
source 
impedance 
is used_ 
Further, 
the 
output 
collector 
can 
be 
returned 
to a voltage 
higher 
than 
6.8V 
allowing 


the 
LM3911 
to 
drive 
lamps 
and 
relays 
up 
to 
a 35V 


supply. 


The 
LM3911 
uses the 
difference 
in emitter-base 
voltage 


of 
transistors 
operating 
at different 
current 
densities 
as 


the 
basic 
temperature 
sensitive 
element. 
Since 
this 
out- 


put 
depends 
only 
on 
transistor 
matching 
the 
same 
rei iabil ity 
and 
stab;1 ity 
as 
present 
op 
amps 
can 
be 
expected. 


The 
LM3911 
is available 
in two 
package 
styles, 
a metal 
can 
TO-46 
and 
an 8-lead 
epoxy 
mini-DIP. 
In the 
epoxy 


package 
all electrical 
connections 
are made 
on one 
side 


of 
the 
device 
allowing 
the 
other 
4 leads 
to be used 
for 


attaching 
the 
LM3911 
to 
the 
temperature 
source. 
The 


LM3911 
is rated 
for 
operation 
over 
a -25°C 
to +85°C 


temperature 
range. 


• 
Uncalibrated 
accuracy 
±10°C 


• 
Internal 
op 
amp 
with 
frequency 
compensation 


• 
Linearoutputof10mVtK(10mVtC) 


• 
Can 
be 
calibrated 
in 
degrees 
Kelvin, 
Celsius 
or 


Fahrenheit 


• 
Output 
can drive 
loads 
up to 35V 


• 
Internal 
stable 
voltage 
reference 


• 
Low cost 


Ground Referred 
Centigrade Thermometer 


15V 


v· 


Proportioning Temperature Controller 


v· 


(NOTEJ) 


SET 


TEMPERATURE 


AT 10mVl 
K 
so•.~~ 


" 
" 
., 


J.5" 
,.. 


12k 


O.I"F 


SET .2 


POINT 
II. 


OUTPUT'" 


.3 
m 


v· 


lM3911 


IN 
OUT 


1 
Not.l:Cl 
dtlllrminetp,opOftioninglr'lluenC8 
, •• 
2R4Cl 


IV+t+IV-I-l 
NObl2:Rl0---- 


0.0015 


Holt J: Either V- o. V+ eIlI be pound. 


Absolute 
Maximum 
Ratings 


Supply 
Current 
(Externally 
Set) 
10mA 
Operating 
Temperature 
Range 
-25°C 
to +85°C 


Output 
Collector 
Voltage, 
V++ 
36V 
Storage 
Temperature 
Range 
--65°C 
to +150°C 


Feedback 
Input 
Voltage 
Range 
OV to +7.0V 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Output 
Short 
Circuit 
Duration 
Indefinite 


Electrical 
Characteristics 
(Note 
1) 


PARAMETER 
I 
CONDITIONS 
MIN 
I 
TYP 
MAX 
I 
UNITS 


SENSOR 


Output 
Voltage 
T A = -25°C. 
(Note 2) 
2.36 
2.48 
2.60 
V 


Output 
Voltage 
TA = 25°C. (Note 2) 
2.88 
2.98 
3.08 
V 


Output 
Voltage 
T A = 85°C. 
(Note 2) 
3.46 
3.58 
3.70 
V 


Linearity 
6T = 100°C 
0.5 
2 
% 


Long-Term 
Stability 
0.3 
% 


Repeatability 
0.3 
% 


VOLTAGE 
REFERENCE 


Reverse Breakdown 
Voltage 
1 mA~ 
Iz ~5mA 
6.55 
6.85 
7.25 
V 


Reverse Breakdown 
Voltage 
1 mA ~ Iz ~ 5 mA 
10 
35 
mV 


Change With Current 


Temperature 
Stability 
20 
85 
mV 


Dynamic 
Impedance 
Iz = 1 mA 
3.0 
n 


AMS Noise Voltage 
10 Hz~f~ 
10kHz 
30 
I1V 


Long Term Stability 
T A = +BSoC 
6.0 
mV 


OPAMP 


Input Bias Current 
TA 
= +2SoC 
35 
150 
nA 


Input Bias Current 
45 
250 
nA 


Voltage Gain 
RL = 36k. V++ = 36V 
2500 
15000 
VIV 


Output 
Leakage Current 
T A = 25°C (Note 31 
0.2 
2 
I1A 


Output 
Leakage 
Current 
(Note 31 
1.0 
8 
I1A 


Output 
Source Current 
VOUT 
~ 3.70 
10 
I1A 


Output 
Sink Current 
1V ~ VOUT 
~ 36V 
2.0 
mA 


Note 
1: These specifications 
apply for -25°C::; 
TA 
.$. +85°C 
and 0.9 mA ~ 
ISUPPL Y :$. 1.1 mA unless otherwise 
specified; CL 5. 50 pF. 


Note 
2: 
The 
outP~t 
voltage 
applies 
to the 
basic thermometer 
configuration 
with 
the output 
and input 
terminals 
shorted 
and a load resistance 
of 2:: 1.0 Mn. 
This 
is the feedback 
sense voltage 
a..rd includes errors 
in both 
the sensor and op amp. This voltage 
is specified 
for the sensor in a 
rapidly 
stirred oil bath. The output 
is referred to V 
. 


Note 
3: 
The 
output 
leakage current 
is specified 
with 
~ 
100 mV 
overdrive. 
Since 
this voltage 
changes with 
temperature, 
the voltage drive 
for 
turn-off 
changes and is defined 
as VOUT 
(with output 
and input shorted) -100 
mV. 
This specification 
applies for VOUT 
""36V. 


Application 
Hints 


Although 
the 
LM3911 
is designed 
to be totally 
trouble- 
media 
will conduct 
the heat 
from 
the sensor. 
Also, 
there 


free, 
certain 
precautions 
should 
be 
taken 
to 
insure 
the 
are many 
small 
heat 
sinks 
designed 
for transistors 
which 
best 
possible 
performance. 
will 
improve 
heat 
transfer 
to 
the 
sensor 
from 
the 
sur- 


rounding 
medium. 
A small 
finned 
clip-on 
heat 
sink 
is 
As with 
any 
temperature 
sensor, 
internal 
power 
dissipa- 
quite 
effective 
in free-air. 
It should 
be mentioned 
that 
tion 
will 
raise 
the 
sensor's 
temperature 
above 
ambient. 
the 
LM3911 
die 
is on the base of the 
package 
and there- 
Nominal 
suggested 
operating 
current 
for 
the 
shunt 
fore coupling 
to the 
base is preferrable. 


regulator 
is 1.0 
mA 
and 
causes 
7.0 
mW of power 
dissi- 
pation. 
In free, 
still, 
air this 
raises 
the 
package 
tempera- 
ture 
by about 
1.2° K. Although 
the 
regulator 
will operate 
The 
internal 
reference 
regulator 
provides 
a temperature 


at higher 
reverse 
currents 
and the output 
will drive 
loads 
stable 
voltage 
for offsetting 
the output 
or setting 
a com- 


up to 5.0 
mA, 
these 
higher 
currents 
will raise the sensor 
parison 
point 
in temperature 
controllers. 
However, 
since 
temperatu 
re to 
about 
19°K 
above 
ambient-degrading 
this 
reference 
is at the 
same 
temperature 
as the 
sensor 
accuracy. 
Therefore, 
the 
sensor 
should 
be 
operated 
at 
temperature 
changes 
will also cause 
reference 
drift. 
For 
the 
lowest 
possible 
power 
level. 
application 
where 
maximum 
accuracy 
is 
needed 
an 
external 
reference 
should 
be 
used. 
Of course, 
for 
fixed 
With 
moving 
air, 
liquid 
or surface 
temperature 
sensing, 
tem peratu 
re 
control 
Iers 
the 
internal 
reference 
is 
self-heating 
is not 
as great 
a problem 
since 
the measured 
adequate. 


Typical Performance 
Characteristics 


Temperature 
Conversion 
Op Amp Input Current 
Power Supply Current 


50 
0.7 
T CENTIGRADE 
= T C 
1 
0.6 
T FAHRENHEIT 
= T F 
... 
45 
/ 
z 
.. 
'" 


.5 
0.5 
T KELVIN 
= TK 
'" 
/ 
... 
" 
40 
z 
u 
1/ 
0.4 
T K = TC + 273 
~ 
V 
'" 
/ 
'" 
TA" 
25 


QC 
;; 
./ 
" 
5 
... 
35 
0.3 
/ 
Tc = (40+TF) 
- 
-40 
" 
,/ 
> 
z 
,/ 
~ 
9 
" 
0.2 
V 
~ 
30 
9 
~ 
0.1 
7 
TF=(40+Tcl 
- 
-40 
0 
5 
25 
0 


-55 -35 -15 5.0 25 
45 
65 
85 
105125 
0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 


TEMPERATURE 
1°C) 
DEVICE 
VOLTAGE 
(V) 


Thermal Time Constant 
Thermal Time Constant in 
Output 
Saturation 
Voltage 
in Stirred 
Oil Bath 
StitlAir 


20 


;< 
16 
g 
'00 
TO.t 
g 
100 
TO-4l 
Vr 
.5 
./ V 
" 
7 
... 
" 
z 
;; 
80 / 
.. 
80 
I, 1\ 
'" 
12 
/ 
> 
'" 
/ 
~ 
60 
.. 
60 
" 
TA=25'C_ 
z 
,"1 l.'NIJ. 
~ 
;;: 
TO-5 
z 
8.0 
40 1/ 
0 
40 


" 
/ 
0 
... 
... 
... 


" 
z 
20 
z 
20 
~ 
4.0 
u 
/ 
'" 
'" 
0 
0 


0 / 


0 
1.0 
2.0 
3.0 
4.0 
5.0 
0 
2.0 
4.0 
6.0 
8.0 
'0 
12 
14 
0 
2.0 
4.0 
6.0 
8.0 
10 
12 
14 


SATURATION 
VOLTAGE 
(V) 
TIME 
(SECONDS) 
TIME 
(MINUTES) 


{REFFERED 
TO V-j 


Supply Sensitivity 
Device Temperature 
Rise 
Device Temperature 
Rise 


10 
;< 
24 
10 
I 


;; 
/ 
;< 
::.s 
- 
~ 
L 
ll:w 
8.0 
'" 
20 
'" 
"", 
'< 
'< 
8.0 
TO/ 
~=> 
TO.4~ 
/ 
E: 
16 
6.0 
t; 
/ 
t; 
;Ow 
/ 
z 
TO.5/ 
z 
6.0 
,/ 
~~ 
12 
1/1/ TO·5 
.•... 


4.0 
<r 
/ / 
<r 
",'" 
4.0 
~~ 
/ 
'" 
8.0 
- 
'" 
~ V 
" 
~ 


,,/ 
=> 
~z 
2.0 
§ 
... 


"'0 
.. 
2.0 
=>u 
/ 
4.0 
'" 
~ 
0 ••. 
....•• 
~ 
P1 
~ 
.. - 
/ 
0 
0 
0 
4.0 
5.0 
6.0 
1.0 
2.0 
3.0 
4.0 
5.0 
0 
2.0 
4.0 
6.0 
8.0 
10 
0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
'----.r----' '------y------- 


SUPPLY 
SUPPLY 
SHUNT 
REGULATOR 
CURRENT 
(mAl 
OUTPUT 
SINK 
CURRENT 
(mAl 


VOLTAGE 
IV) 
CURRENT 
(mAl 


Reference Regulation 
Turn "ON" 
Response 
Amplifier 
Output 
Impedance 


50 
T.' 
25'C 
1 
1 
1 
'00 


0 


1 
1 
I 
;; 
40 
a: ~ 
-2.0 
3.0kl rn 
§ 
.5 
~ 
~ 
-4.0 - 
1.511: 
u 
10 
Rt 
"00 


'" 
w •.. 
Rs" 7.511: 
z 
z 
30 
/" 


N 
~ 
-6.0 
~ 
~ 
./ 


-8.0 
~ 
'" 
20 
TA"V 
0 
... 


~ 
~ 
-1.0 
" 
1.0 
c- 
3.0k 
... 
./ 
-!.-1.5k 
=> 
> 
10 
~ 
-2.0 
f- 


A'Rs"7.5k 
0 
// 
~ 
-3.0 
T II 


0 
0.1 
0 
2.0 
4.0 
6.0 
8.0 
10 
12 
0 
100 
200 
300 
400 
10 
100 
1.0k 
10k 
lOOk 


SUPPl Y CURRENT 
(mAl 
TIME 
(pos) 
FREQUENCY 
(Hz) 


Basic Thermometer 
for Negative Supply 


I 


OUTPUT 
10 mVl 
K 


Note: loadturrtnll0GND 
IS 


y- 
iupphtdthlough 
Rs 


"V 


Rs '" (V- -6.8VI 
X 103\l 


External Frequency Compensation 
for Greater 
Stability 
when 
Driving 
Capacitive 
Loads 


) 


OUTPUT 
lOmVl 
K 


Basic Thermometer 
for Positive Supply 
"V 
V· 


I"creasing 
Gain 
and Output 
Drive 


"V 
V· 


1 


0UTPUT 
10mVrK 
I 


OUTPUT 
10mV! K 


Operating 
With External 
Zener 
for 
Lower Power Dissipation 
and Ambient 
Reference 


1 


0UTPUT 
10mVl 
K 


15V 


V' 


R, 
J.9k 


so. 
w 
+ 


1.187k 


OUTPUT 
M 


lM3911 
,,' 
2a.21k 


INPUT 


h•.•(Vz -0.01 
Tal 


2V 
Select 10 'f 
Rl 


RJ" 
~ 
- 
Rl-R2 
'Q 


~o~ 
~) 


Vz 
" 
Shunt regulator 
~oltage (use 6.85) 


oClT" 
Meter temperature 
span ("Kl 


1M 
" 
Meter fuU scale 
CUlfent 
(AI 


To" 
Meter zero tempelatUfe 
(OK) 


10 
" 
Cuuenllhrough 
Rt. 
R2, RJ at UfO 
meler current 
(lDIJA to 1.0 mAl (A) 


* Values shown lor: 
To" 
300 K, AT" 
100 K, 


1M" 
1.0 mA,lo" 
100/lA 


INPUT 


lMJ911 


OUTPUT 


Rt" 
(Vzl(tOmV)(llT) 


!..!=. 
{Vz -0.01 
Tol 
", 


*Selected as fOI metelthlHmometel 
ucept 
To should 
be 5°K mOIl' than desired Ind 10" 
100"A 


tCaliblalesTo 


Vz 
" 
Shunt 
reguialoryoitage 


L!lT " 
Temperature 
span ( K) 


To 
" 
Temper.lulelar 
zero output 
(KJ 


VO " 
Full ~ale 
output 
voltage ~ 
lDV 


10 
" 
CUllent through 
RI, R2, RJ 
at zero 
output 
voltage (tvplcaliV 
lOO,.•A to 
1.0mA) 


( 
)( 
'."T") ( 
)('.01T,)" 
R2 (~!l ,,_V_,_-_,_.,_,T_,_'_"_-_-_"=,=_'_V,_-_'_.,_' 
T_"_-=-"=,=_-_'_' 


:;°;3 
lTHlVz-O.01Ttl-TL(Vz-O.01THII 


TL 
= 
Tem~elalUle 
101 IL ( K) 


TH ~ 
Temlleralllle 
10f IH l K) 


Vz 
Zener voltage (V) 


IL 
low 
temllerature 
ou1llul current 
(A) 


IH 
: 
Hfgh 
lemllelalure 
output 
turrent 
(A) 


0, 
0, 
0, 
.. 
0, 


1.5k 
7.5k 
7.5k 
7,5k 
5.Dk 


OUTPUt 


+ 
+ 
01 
01 


OUTPUT 
OUTPUT 


INPUT 
INPUT 
INPUT 
INPUT 
01 


lM3911 
lM3911 
LM3911 
lMJ911 
T"pPOIOI: 
Vz 
RI t R2 
01 
02 
02 
02 
IV· -6.8V) 
Rs " 
6.8V 
O.OOlA+-- 


Rl 
+ R2 


-= 
-= 
-= 
-= 


26VAC 
CONTROL 
TRANSFORMER 
60Hz 


S.t.R.S. 
CID6A2 
DO 
IRI06A2 


SETf 


TEMP 
15k 
4W-WW 


4.1k 


"SolenQldo,6-ISWheatf' 


tPoI 
wIll 
plClYlde 
about 
II SO 
F 
to 
90 
F sellmg 
range. 
The 
trim 
,eSlSlor 
(lOOk) 
lsselecled 
10 bnng 
70 
F nur 
the 
mIddle 
01 the 
POl 


rotatIon. 


SeR 
heatmg. 
by prope, 
pOSll,olllng,CilIl 
preheallhesensor 
!living 
contlol 
anlle_palion 
IS IS presently 
used 
In many 
home 
thermostats. 


~, •. 
2aDV 


1:4002 
"'T 


0) 
lOAD 
SENSITIVE 
GATE 
TRIAC 
WT'":5 
SmA 


ReA 12300,40529 
OR SIMILAR 


10 mV! K 
OUTPUT 


l.Ok 
0.1% 


(R' 'R,) 
•• 
VOUT 
= 0.01 
-R-, - 
(T2 - T,) 


Output 
t~1I swing' 
lV at ·50IJA 


with low OlitpUt lmpedauce 


• Oividetissetlora 
nominal 
0 C -125 
C range 
Wirewoundresistofswillpfovidemuinwm 
temperalufeSlabirity 


* • Almost anV TRIAC rated 1 (035 
amperes 


uSBblewithBppropliateload 


Differential 
Thermometer 


R2 


150k 


+lSV 
f 


lOCk 
2ERo 
TRIM 


-15V 


IN 
v' 


lMl911 
NO.2 


OUT 
V' 


R' 
5.6k 


-15V 


~National 
~ 
Semiconductor 


LM3914 Dot/Bar Display Driver 


General 
Description 


The 
LM3914 
is a monolithic 
integrated 
circuit 
that 


senses analog voltage 
levels and drives 
10 LEDs, pro- 


viding a linear analog display. 
A single pin changes the 
display from 
a moving dot to a bar graph. Current drive 


to the LEDs is regulated and programmable, eliminating 
the 
need for 
resistors. This feature 
is one that 
allows 
operation of the whole system from less than 3V. 


The circuit 
contains 
its own 
adjustable 
reference and 


accurate 
10-step voltage 
divider. 
The low-bias-current 


input 
buffer 
accepts signals down to ground, or V-, yet 


needs no 
protection 
against inputs 
of 
35V 
above or 


below 
ground. 
The 
buffer 
drives 
10 individual 
com- 
parators 
referenced to the precision 
divider. 
Indication 
non-I inearity 
can thus be held typically 
to 
1/2%, even 


over a wide temperature 
range. 


Versatility 
was 
designed 
into 
the 
LM3914 
so 
that 


controller, 
visual alarm, 
and expanded scale functions 
are easily added on to the display 
system. The circuit 


can drive 
LEDs of many colors, or low-current 
incan- 
descent lamps. Many LM3914s can be "chained" 
to form 


displays of 20 to over 100 segments. Both ends of the 
voltage divider 
are externally 
available so that 2 drivers 


can be made into a zero-center meter. 


The LM3914 
is very easy to apply as an analog meter 


circuit. 
A 1.2V full-scale 
meter requires only 
1 resistor 


and a single 3V to 
15V supply 
in addition 
to the 10 


display 
LEDs. If the 1 resistor is a pot, it becomes the 
LED 
brightness control. 
The simplified 
block 
diagram 


illustrates this extremely 
simple external circuitry. 


When 
in 
the 
dot 
mode, 
there 
is a small 
amount 
of 


overlap or "fade" 
(about 
1 mY) between segments. This 
assures that 
at no time will 
all LEDs be "OFF", 
and 


thus 
any ambiguous 
display 
is avoided. Various 
novel 


displays are possible. 


Much 
of 
the display 
flexibility 
derives from 
the fact 


that 
all outputs 
are individual, 
DC regulated currents. 


Various 
effects 
can be achieved by modulating 
these 
currents. The individual 
outputs 
can drive a transistor as 


well as a LED at the same time, so controller 
functions 


including 
"staging" 
control 
can 
be 
performed. 
The 


LM3914 can also act as a programmer, or sequencer. 


• 
Drives LEDs, LCDs or vacuum fluorescents 


• 
Bar or dot display mode externally 
selectable by user 


• 
Expandable to displays of 100 steps 


• 
Internal voltage reference from 
1.2V to 12V 


• 
Operates with single supply of less than 3V 


• 
Inputs operate down to ground 


• 
Output current programmable from 2 to 30 mA 


• 
No multiplex 
switching or interaction 
between outputs 


• 
Input 
withstands 
±35V 
without 
damage 
or 
false 


outputs 


• 
LED 
driver 
outputs 
are 
current 
regulated, 
open- 


collectors 


• 
Outputs can interface with TTL or CMOS logic 


• 
The internal 
10-step divider 
is floating 
and can be 


referenced to a wide range of voltages 


The LM3914 
is rated for operation 
from DoC to +70°C. 


The 
LM3914N 
is available 
in an 18-lead molded 
(N) 


package and the LM3914J 
comes in the 18-lead ceramic 


DIP. 


The following 
typical 
application 
illustrates 
adjusting of 
the reference to a desired value, and proper grounding 
for accurate operation, 
and avoiding oscillations. 


N 
N 
N 
N 
N 
N 
N 
N 
Note 
1: 
Grounding 
method is typical of 
all uses. The 
2.2 
J1,Ftantalum 
or 10 J,LF 


LED 
aluminum 
electrolytic 
capacitor 
is needed 
NO.l0 
jf 
leads 
to 
the 
LED 
supply 
are 
6" 
or 


11 
16 
15 
14 
13 
12 
11 
10 
longer. 


lM3914 


r- 
I 
II 
I lED 
I NO.1 
II 
..L 


2.2"F""'i'" 
I 
I 
IIL 
_ 


Ref Out V ~ 1.25 
(1 + 
:~) 


12.5 


ILEO~ 
R1 


Molded 
DIP (N) 
625mW 
Reference 
Load Current 
10mA 
Supply 
Voltage 
25V 
Storage 
Temperature 
Range 
-55°C 
to +150°C 


Voltage 
on Output 
Drivers 
25V 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics 
(Note 1) 


PARAMETER 
CONDITIONS 
(Note 11 
MIN 
TYP 
MAX 
I 
UNITS 


COMPARATOR 


Offset Voltage, Buffer and First 
OV S; VRLO = VRHI S; 12V, 
3 
10 
mV 


Comparator 
ILED = 1 mA 


Offset Voltage, 
Buffer and Any Other 
OV S; VRLO = VRHI S; 12V, 
3 
15 
mV 


Comparator 
ILED = 1 mA 


Gain (c>ILEDIc>VINI 
ILIREFI 
= 2 mA, ILED = 10 mA 
3 
8 
mA/mV 


Input Bias Current (at Pin 5) 
OV S; VIN S; V+ -1.5V 
10 
50 
nA 


Input 
Signal 
Overvoltage 
No 
Change 
in Display 
-35 
35 
V 


VOL TAGE-DIVIDER 


Divider 
Resistance 
Total, Pin 6 to 4 
6.5 
10 
15 
kf2 


Accuracy 
(Note 21 
0.5 
2 
% 


VOLTAGE 
REFERENCE 


Output 
Voltage 
0.1 mAS;IL(REF)S;4mA, 
1.2 
1.28 
1.34 
V 


V+ = VLED = 5V 


Line Regulation 
3V S; V+ S; 18V 
0.01 
0.03 
%/V 


Load 
Regulation 
0.1 mA S; IL( REF I S; 4 mA, 
OA 
2 
% 


V+ = VLED = 5V 


Output 
Voltage 
Change 
With 
O°C S; TA S; +70°C, IL(REF) 
= 1 mA, 
1 
% 


Temperature 
V+ = 5V 


Adjust Pin Current 
75 
120 
pA 


OUTPUT DRIVERS 


LED 
Current 
V+ = VLED = 5V, ILIREF) 
= 1 mA 
7 
10 
13 
mA 


LED 
Current 
Difference 
(Between 
VLED = 5V, ILED = 2 mA 
0.12 
OA 
mA 


Largest and Smallest LED Currents) 
VLED 
= 5V. ILED = 20 mA 
1.2 
3 
mA 


LED 
Current 
Regulation 
2V S; VLED S; 17V 
ILED=2mA 
0.1 
0.25 
mA 


ILED = 20 mA 
1 
3 
mA 


Dropout Voltage 
ILEDIONI 
= 20 mA. VLED = 5V, 
1.5 
V 


t.ILED 
= 2 mA 


Saturation 
Voltage 
ILED = 2.0 mA, ILiREFI 
= OA mA 
0.15 
OA 
V 


Output 
Leakage, 
Each 
Collector 
(S" 
Model INote 41 
0.1 
10 
pA 


Output 
Leakage 
lOot Mode) INote 4) 


Pins 10~18 
0.1 
10 
pA 


Pin 1 
60 
150 
450 
pA 


SUPPLY CURRENT 


Standby Supply Current 
V+ = 5V, IL(REFI 
= 0.2 mA 
2A 
4.2 
mA 
IAII Outputs Offl 
V+ = 20V. IL(REFI 
= 1.0 mA 
6.1 
9.2 
mA 


Note 1: 
Unless otherwise 
stated, all specifications 
apply with the following 
conditions: 


3 VDC S V+ S; 20 VDC 
VREF, 
VRHI, 
VRLO 
S; (V+ -1.5V) 


3 VDC S; VLED S V+ 
OV S; VIN 
S; V+ -1.5V 


-0.015V 
S VRLO S 12 VDC 
TA = +25°C, 
IL(REF) 
= 0.2 mA, 
VLED 
= 3.0V, 
pin 9 connected 
to pin 3 ISar Model. 


-0.015V 
S VRH1 S 12 VDC 


For higher power dissipations, 
pulse testing is used. 


Note 2: 
Accuracy 
is measured 
referred 
to +10.000 
VOC 
at pin 6. with 
0.000 
VOC 
at pin 4. At lower full·scale voltages, buffer 
and comparator 
offset voltage may add significant 
error. 


Nete 3: 
Pin 5 input 
current 
must be limited 
to ±3 mA. 
The addition 
of a 39k resistor in series with pin 5 allows ±10QV 
signals without 
damage. 
Note 4: 
Bar mode results when pin 9 is within 
20 mV of V+. 
Dot mode results when pin 9 is pulled at least 200 mV below V+ or left open circuit. 


LED 
No. 10 (pin 10 output 
current) 
is disabled if pin 9 is pulled 0.9V 
or more below VLED. 


Note 5: 
The 
maximum 
junction 
temperature 
of the LM3914 
is 100°C. 
Devices must be derated 
for operation 
at elevated temperatures. 
Junction 
to ambient 
thermal 
resistance is 75°C/W 
for the ceramic 
DIP (J package) and 120°C/W 
for the molded 
L'IP (N package). 


Accuracy: 
The difference 
between 
the observed 
threshold 
voltage 
and 
the 
ideal 
threshold 
voltage 
for 
each 
com- 
parator. 
Specified 
and tested 
with 
10V across 
the 
internal 


voltage 
divider 
so 
that 
resistor 
ratio 
matchi 
ng 
error 
predominates 
over comparator 
offset 
voltage. 


Adjust 
Pin Current: 
Current 
flowing 
out 
of the 
reference 
adjust 
pin 
when 
the 
reference 
amplifier 
is in the 
linear 


region. 


Comparator 
Gain: 
The 
ratio 
of 
the 
change 
in output 
current 
(I LED) 
to 
the 
change 
in 
input 
voltage 
(VINI 
required 
to 
produce 
it for 
a comparator 
in the 
linear 
region. 


Dropout 
Voltage: 
The 
voltage 
measured 
at the 
current 
source 
outputs 
required 
to 
make 
the 
output 
current 
fall by 10%. 


Input 
Bias 
Current: 
Current 
flowing 
out 
of 
the 
signal 
input 
when 
the 
input 
buffer 
is in the 
linear 
region. 


LED 
Current 
Regulation: 
The 
change 
in output 
current 


over 
the 
specified 
range 
of 
LED supply 
voltage 
(VLED) 


as 
measured 
at 
the 
current 
source 
outputs. 
As 
the 


forward 
voltage 
of an LED does 
not 
change 
significantly 
with 
a small 
change 
in forward 
current, 
this is equivalent 


to 
changing 
the 
voltage 
at 
the 
LED 
anodes 
by 
the 
same amount. 


Line 
Regulation: 
The average 
change 
in reference 
output 


voltage 
over 
the 
specified 
range 
of supply 
voltage 
(V+). 


Load Regulation: 
The change 
in reference 
output 
voltage 


(VREF) 
over 
the 
specified 
range 
of 
load 
current 


(IL(REF)I. 


Offset 
Voltage: 
The 
differential 
input 
voltage 
which 


must 
be applied 
to each 
comparator 
to 
bias 
the 
output 


in 
the 
linear 
region. 
Most 
significant 
error 
when 
the 
voltage 
across 
the 
internal 
voltage 
divider 
is 
small. 


Specified 
and 
tested 
with 
pin 
6 voltage 
(V R HI) 
equal 
to pin 4 voltage 
(VRLO)' 


Supply 
Current 
vs 
Temperature 


..•. 
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Functional 
Description 


The 
simplified 
LM3914 
block 
diagram 
is to 
give 
the 


general 
idea 
of 
the 
circuit's 
operation. 
A 
high 
input 


impedance 
buffer 
operates 
with 
signals 
from 
ground 
to 
12V, 
and 
is protected 
agai nst 
reverse 
and 
overvoltage 


signals. 
The 
signal 
is 
then 
applied 
to 
a series 
of 
10 


comparators; 
each 
of 
which 
is 
biased 
to 
a different 


comparison 
level by the 
resistor 
string. 


In the example 
illustrated, 
the 
resistor 
string 
is connected 


to the 
internal 
1.25V 
reference 
voltage. 
In this case, for 
each 
125 
mV 
that 
the 
input 
signal 
increases, 
a com· 
parator 
will 
switch 
on 
another 
indicating 
LED. 
This 


resistor 
divider 
can be connected 
between 
any 
2 voltages, 


providing 
that 
they 
are 
1.5V 
below 
V+ and 
no less than 


V-. 
If an expanded 
scale 
meter 
display 
is desired, 
the 
total 
divider 
voltage 
can 
be 
as 
little 
as 
200 
mY. 
Ex· 


panded·scale 
meter 
displays 
are 
more 
accurate 
and 
the 
segments 
light 
uniformly 
only 
if bar 
mode 
is used. 
At 


50 mV or more 
per step, 
dot 
mode 
is usable. 


The 
reference 
is designed 
to be adjustable 
and 
develops 


a nominal 
1.25V 
between 
the 
REF 
OUT 
(pin 
7) and 


through 
the 
output 
set resistor 
R2 giving 
an output 


voltage of: 


VOUT~ 
VREF 
(1 + :~) 
+ IADJ R2 


Since the 120 pA current 
(max) from the adjust terminal 


represents an error 
term, the reference was designed to 
minimize 
changes of 
this 
current 
with 
V+ 
and load 


changes. 


A 
feature 
not 
completely 
illustrated 
by 
the 
block 


diagram 
is the 
LED 
brightness 
control. 
The 
current 


drawn out of the reference voltage pin (pin 7) determines 
LED current. 
Approximately 
10 times this current 
will 


be drawn 
through 
each lighted 
LED, and this current 
will 
be relatively 
constant 
despite 
supply 
voltage and 
temperature 
changes. Current 
drawn by the internal 
10- 
resistor divider, 
as well 
as by the external 
current 
and 


voltage-setting 
divider 
should be included 
in calculating 


LED 
drive 
current. 
The 
ability 
to 
modulate 
LED 


brightness with 
time, 
or in proportion 
to input voltage 
and other signals can lead to a number of novel displays 
or ways of indicating 
input overvoltages, alarms, etc. 


Pin 9, the Mode Select input controls chaining of multiple 
LM3914s, 
and controls 
bar or dot mode operation. 
The 
following 
tabulation 
shows the basic ways of using this 
input. 
Other 
more complex 
uses will 
be illustrated 
in 


the appl ications. 


Bar Graph Display: 
Wire Mode Select (pin 9) directlv 
to pin 3 (V+ pin). 


Dot Display, Single LM3914 
Driver: 
Leave the Mode 
Select pin open circuit. 


Dot Display, 20 or More LEOs: Connect pin 9 of the 
first driver in the series (i.e., the one with the lowest 
input 
voltage comparison 
points) to pin 1 of the next 
higher LM3914 
driver. Continue 
connecting 
pin 9 of 


lower input drivers to pin 1 of higher input drivers for 
30,40, or more LED displays. The last LM3914 driver 
in the chain 
will 
have pin 
9 wired 
to 
pin 
11. All 


previous drivers should have a 20k resistor in parallel 
with 
LED No.9 
(pin 11 to VLED). 


CONTROLLED 
DRIVE 
{ 


(FROM 
COMPARATORS) 


The voltage at pin 9 is sensed by comparator 
Cl, 
nom- 


inally 
referenced to 
(V+-l00 
mV). 
The chip 
is in bar 


mode 
when pin 9 is above this level; otherwise 
it's in 


dot 
mode. 
The comparator 
is designed so that 
pin 9 
can be left open circuit 
for dot mode. 


Taking 
into 
account 
comparator 
gain and variation 
in 


the 
100 mV reference level, pin 9 
should 
be no more 


than 
20 mV 
below 
V+ 
for 
bar mode and more than 


200 mV below 
V+ (or open circuit) 
for 
dot 
mode. In 


most 
applications, 
pin 9 is either 
open (dot 
mode) 
or 


tied 
to V+ 
(bar mode). 
In bar mode, pin 9 should be 
connected 
directly 
to 
pin 
3. 
Large 
currents 
drawn 


from 
the 
power 
supply 
(LED 
current, 
for 
example) 
should 
not 
share this 
path so that 
large IR drops are 
avoided. 


In order for 
the display 
to 
make sense when 
multiple 


LM3914s 
are cascaded in dot 
mode, 
special circuitry 


has been included 
to shut off 
LED No.1 0 of the first 
device when LED No.1 
of the second device comes on. 


The connection 
for 
cascading in dot 
mode has already 
been described and is depicted on the following 
page. 


As long as the input signal voltage is below the threshold 
of 
the 
second 
LM3914, 
LED 
No. 11 is off. 
Pin 9 of 


LM3914 
No.1 
thus sees effectively 
an open circuit 
so 


the chip 
is in dot 
mode. As soon as the input voltage 


reaches the threshold 
of LED No. 11, pin 9 of LM3914 


No. 
1 is pulled 
an LED 
drop 
(1.5V 
or more) 
below 


V LED. 
This 
condition 
is sensed by 
comparator 
C2, 


referenced 600 mV below VLED' 
This forces the output 
of 
C2 low, 
which 
shuts off 
output 
transistor 
02, 
ex- 


tinguishing 
LED No. 10. 


V LED is sensed via the 20k resistor connected to pin 11. 
The very small current 
(less than 100 IlA) that is divert- 


ed from 
LED 
No. 
9 does not 
noticeably 
affect 
its 
intensity . 


An 
auxiliary 
current 
source 
at 
pin 
1 keeps at least 
100 IlA 
flowing 
through 
LED No. 11 even if the input 


voltage 
rises high enough to extinguish 
the LED. This 


ensures that pin 9 of LM3914 
No.1 
is held low enough 
to force 
LED 
No. 10 off 
when any 
higher 
LED is il- 
luminated. 
While 
100 IlA 
does not 
normally 
produce 


significant 
LED 
illumination, 
it 
may 
be 
noticeable 


when 
using high-efficiency 
LEDs 
in 
a dark 
environ- 
ment. 
If this is bothersome, the simple cure is to shunt 
LED No. 11 with a 10k resistor. The 1V IR drop is more 
than the 900 mV worst case required to hold off 
LED 
No. 
10 yet 
small enough 
that 
LED 
No. 11 does not 
conduct significantly. 


The LM3914 
is relatively 
low-powered 
itself, and since 
any number of LEDs can be powered from about 3V, it 
is a very efficient 
display driver. Typical standby supply 


current 
(all 
LEDs 
OFF) 
is 
1.6 mA 
(2.5 
mA 
maxi. 


However, any reference loading adds 4 times that current 
drain 
to the V+ (pin 3) supply input. 
For example, an 
LM3914 
with 
almA 
reference pin load (l.3k), 
would 


supply almost 10 mA to every LED while drawing only 


10 mA from 
its V+ pin supply. 
At full-scale, the IC is 
typically 
drawing less than 10% of the current 
supplied 
to the display. 


The display 
driver does not 
have built-in 
hysteresis so 
that the display does not jump instantly 
from 
one LED 
to 
the next. 
Under rapidly 
changing signal conditions, 
this cuts down high frequency noise and often an annoy- 
ing flicker. 
An "overlap" 
is built 
in so that at no time 
between segments are all LEDs completely 
OFF in the 
dot 
mode. 
Generally 
1 LED 
fades in while 
the other 
fades out 
over a mV or more of range (Note 
2). The 
change may be much more rapid between LED No. 10 
of 
one 
device 
and 
LED 
No. 
1 of 
a second 
device 
"chained" 
to 
the 
first. 


The LM3914 features individually 
current regulated LED 
driver transistors. Further internal circuitry 
detects when 
any driver transistor 
goes into 
saturation, 
and prevents 


other circuitry 
from drawing excess current. This results 
in the ability 
of the LM3914to 
drive and regulate LEDs 
powered from 
a pulsating DC power source, i.e., largely 


unfiltered. 
(Due to possible oscillations at low voltages a 
nominal 
bypass capacitor 
consisting 
of a 2.2 IlF 
solid 
tantalum 
connected 
from 
the pulsating 
LED supply to 
pin 2 of the LM3914 
is recommended. I This ability 
to 
operate with 
low or fluctuating 
voltages also allows the 


display 
driver 
to 
interface 
with 
logic 
circuitry, 
opto- 
coupled solid-state 
relays, and low-current 
incandescent 
lamps. 
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Typical Applications 
(Continued) 
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5 
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5VOC 
N 
N 
N 
N 
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N 
N 
N 
N 
N 


LEO NO.11 
LED 
NO.20 


18 
17 
16 
15 
14 
13 
12 
11 
10 


lM3914 


RLO 
SIG 


4 
5 


Expanded Scale Meter, Dot or Bar 


6VACT010VAC 
CENTERTAPPEO 
(ie 5-0-5 
MAX) 


VlED 
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Application Example: Grading 5V Regulators 


HIGHEST NO. 
COLOR 
LED ON 
VOUT(MIN) 


10 
Red 
5.54 


9 
Red 
5.42 


8 
Yellow 
5.30 


7 
Green 
5.18 


":" 
6 
Green 
5.06 


5V 


5 
Green 
4.94 


4 
Green 
4.82 


3 
Yellow 
4.7 


2 
Red 
4.58 


1 
Red 
4.46 


*ThiS 
application 
illustrates that the LED 


supply needs practically 
no filtering 


Calibration: 
With a precision meter be· 
tween 
pins 4 and 6 adjust R1 for voltage 


VD 
of 1.20V. 
Apply 
4.94V 
10 pin 5, and 


adjust 
R4 
until 
LED 
No. 
5 just 
lights. 


The 
adjustments 
are non·interacting. 


"Exclamation 
Point" Display 


vlED 


11/ 
11/ 
III 
11/ 
11/ 
11/ 
III 
11/ 
11/ 
11/ 


150 
- 


lED 
lED 


NO.1 
NO.10 


lB 
11 
16 
15 
14 
13 
'2 
11 
10 
.• 


LM3914 


SIG IN 
3V-...., 


OV --l 
L- 
TO.02PF 


LEOs 
light 
up 
as illustrated 
with 
the 


upper lit LED indicating 
the actual input 
voltage. 
The 
display 
appears to increase 


resolution 
and provides an analog indica- 


tion of overrange. 


V+3V 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
120 
27k 


lED 
lED 
15k 
NO.1 
NO. to 


18 
17 
16 
15 
14 
13 
12 
11 
10 


ooT·8AR* 


LM3914 
SWITCH 
2.2k 


':' 


*The 
input 
to 
the 
Dot~Bar 
Switch 
may 
be taken 
from 
cathodes 
of other LEOs. 


Display 
will 
change 
to 
bar as soon as 


the LEDso 
selected begins to light. 


Bar Display 
with 
Alarm 
Flasher 


VlEo 
5V 


100 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Rl 
lk 


lED 
lED 
NO.1 
No.l0 


18 
17 
16 
15 
14 
13 
12 
11 
10 


+ 
C, 
LM3914 
100"F 


Full-scale 
causes the 
full 
bar display 
to 


flash. 
If 
the junction 
of R1 and C1 is 
connected 
to a different 
LED 
cathode, 
the 
display 
will 
flash when 
that 
LED 
lights, and at any higher input signal. 


The 
LED currents are approximately 
10 
mA, and the LM3914 
outputs operate in 


saturation for minimum 
dissipation. 


1'.1 
11/ 
11/ 
1'1 
11/ 
III 
1'.1 
1'.1 
11/ 
11/ 


LED 
LED 
NO.1 
NO.10 


18 
17 
16 
15 
I' 
13 
12 
11 
10 


LM3914 


*This 
point 
is partially 
regulated 
and 


decreases in voltage with 
temperature. 


Voltage 
requirements 
of 
the 
LM3914 


also decrease with temperature. 


I 


!Y 
!Y 
!Y 
!Y 
IY 
,11 
!Y 
!Y 
!Y 
!Y 


~r 
~r , , , 
~ 
~ 
,,. ,,. 


exact 
wiring 
arrange· 
LED 
LEO 
t 
of 
this 
schematic 
NO.1 
NO.10 
s the need for Mode 
11 
10 
ct (pin 9) to sense the 
18 
11 
16 
15 
14 
13 
11 


voltage 
exactly 
as 
it 
ars on pin 3. 
LM3914 


REF 
REF 
v· 
RLO 
SlG 
RHI 
OVT 
AOJ 
MODE 
-----l' 
-=¥ 
3 * 


5 
6 
7"): 
9 


1.2V 
-= 
Uk* 


J. 


/'./ 
,11 
/'./ 
!Y 
,'.f 
,'.f 
/'./ 
/'./ 
,11 
!Y 
, 
,r 
r , , 
, , 
~ ~,. 


LEO 
LEO 
NO.l1 
NO.2D 
J 


18 
11 
16 
15 
14 
13 
11 
11 
10 
j- -~L 
LM3914 


REF 
REF 
V- 
V· 
RLO 
SlG 
RHI 
OUT 
AOJ 
MODE 
, 
2 
3 
4 
5 
L.:..- 1 
6 
9 
2.4V 


~ 
51G: DV-2.4V 
2.4k* 
*Programs 
LE 


*The 
men 
show 
Sele 
v+ 
appe 


Three of 
the 
most commonly 
needed precautions 
for 
using the LM3914 are shown in the first typical applica· 
tion 
drawing 
Isee page 9·108) 
showing 
a OV-5V 
bar 
graph meter. 
The most difficult 
problem 
occurs when 
large LED 
currents 
are being drawn, 
especially in bar 
graph mode. These currents flowing 
out of the ground 
pin 
cause voltage 
drops 
in external 
wiring, 
and thus 
errors and oscillations. 
Bringing 
the return 
wires from 


signal 
sources, reference 
ground 
and 
bottom 
of 
the 


resistor string las illustratedl 
to a single point 
very near 
pin 2 is the best solution. 


Long wires from 
VLED 
to 
LED 
anode common 
can 


cause oscillations. 
Depending 
on 
the 
severity 
of the 
problem 
0.05 !.IF to 2.2 !.IF decoupling capacitors from 
LED anode common 
to pin 2 will 
damp the circuit. 
If 
LED 
anode 
line 
wiring 
is inaccessible, 
often 
similar 
decoupling from pin 1 to pin 2 will be sufficient. 


If LED turn ON seems slow (bar mode) or several LEOs 
light 
(dot model, oscillation 
or excessive noise is usually 
the problem. 
In caseswhere proper wiring and bypassing 
fail 
to stop oscillations, 
V+ voltage at pin 3 is usually 
below 
suggested limits 
(see Note 
2, page 9-1081. Ex- 
panded scale meter applications 
may have one or both 


ends of the internal 
voltage divider 
terminated 
at rela- 


tively 
high value resistors. These high-impedance 
ends 


should be bypassed to pin 2 with 
at least a 0.001 !.IF 
capacitor, or up to 0.1 !.IF in noisy environments. 


Power dissipation, especially in bar mode should be given 
consideration. 
For example, with 
a 5V supply 
and all 
LEOs programmed 
to 
20 mA the driver will 
dissipate 


over 600 mW. In this case a 7.5D resistor in series with 
the 
LED 
supply 
will 
cut 
device heating 
in half. 
The 


negative end of the resistor should be bypassed with 
a 


2.2 !.IF solid tantalum capacitor to pin 2 of the LM3914. 


Turning 
OFF of most of the internal current 
sources is 


accomplished by pulling 
positive on the reference with a 


current 
source or 
resistance supplying 
100 !.IA or so. 
Alternately, 
the 
input 
signal can be gated OFF 
with 
a transistor 
switch. 


Other special features and applications characteristics will 
be illustrated 
in the following 
applications 
schematics. 
Notes have been added in many cases, attempting 
to 


cover any special procedures or unusual characteristics 
of these applications. 
A special section called "Applica- 


tion 
Tips for 
the 
LM3914 
Adjustable 
Reference" 
has 


been included with these schematics. 


Placing 
the 
LM3914s 
internal 
resistor 
divider 
in parallel 


with 
a 
section 
(~230n) 
of 
a 
stable, 
low 
resistance 
divider 
greatly 
reduces 
voltage 
changes 
due to IC resistor 
value 
changes 
with 
temperature. 
Voltage 
V 1 should 
be 
trimmed 
to 1.1 V first 
by use of R2. Then 
the 
voltage 
V2 


across 
the 
IC divider 
string 
can 
be adjusted 
to 
200 
mV, 
using 
R5 
without 
affecting 
VI. 
LED 
current 
will 
be 
approximately 
10 mA. 


Non-Interacting 
Adjustments 
for Expanded 
Scale 
Meter 


(4.5V 
to 5V, Bar or 
Dot Model 


This arrangement 
allows 
independent 
adjustment 
of LED 


brightness 
regardless 
of meter 
span 
and zero adjustments. 


First, 
VI 
is adjusted 
to 
5V, 
using 
R2. 
Then 
the 
span 


(voltage 
across 
R4) 
can 
be 
adjusted 
to 
exactly 
0.5V 


using 
R6 without 
affecting 
the previous 
adjustment. 


R9 programs 
LED 
currents 
within 
a range 
of 2.2 mA to 
20 mA after 
the above 
settings 
are made. 


REF 
REf 


OUT 
AOJ 
1-~8 
PINSDF 
.J..: 
lM3914 
., - 
100 
- 
,. 


Vl-1.1V 


'3 
100 
1% 


Three 
internal 
voltage 
dividers 
are 
shown 
connected 
in 


series 
to provide 
a 30-step 
display. 
If the 
resulting 
analog 
meter 
is to 
be accurate 
and 
linear 
the 
voltage 
on each 
divider 
must 
be adjusted, 
preferably 
without 
affecting 
any 
other 
adjustments. 
To 
do 
this, 
adjust 
R2 
first, 
so 


that 
the 
voltage 
across 
R5 
is 
exactly 
IV. 
Then 
the 
voltages 
across 
R3 and 
R4 can be independently 
adjusted 
by 
shunting 
each 
with 
selected 
resistors 
of 
6 
kn 
or 


higher 
resistance. 
This 
is possible 
because 
the 
reference 
of 
LM3914 
No.3 
is acting 
as a constant 
current 
source. 


The 
references 
associated 
with 
LM3914s 
No.1 
and 
No.2 
should 
have 
their 
Ref Adj 
pins 
(pin 
8) wired 
to ground, 
and 
thei r 
Ref 
Outputs 
loaded 
by 
a 620n 
resistor 
to 
ground. 
This 
makes 
available 
similar 
20 
mA 
current 
outputs 
to all the 
LEOs 
in the system. 


If an independent 
LED 
brightness 
control 
is desired 
(as 
in the 
previous 
application). 
a unity 
gain buffer, 
such 
as 


the 
LM310, 
should 
be 
placed 
between 
pin 
7 and 
Rl, 
similar 
to 
the 
previous 
application. 


Non-Interacting 
Adjustments 
for 
Expanded 
Scale 
Meter 
(4.5V 
to 5V, Bar or Dot 
Model 


., 
10' 
LED 


BRIGHTNESS 


~002"F 


., 
'49 
.2 
,~"."'[ 


, ,. 
200 


JV 


'J 
'49 
1% 


LM39l'.' 
2 { 


,V 
•• 
54' 


IV 


lMJ9l'.' 
1 { 


., 
511,. 


':' 


• 
"Slow" 
- 
fade bar or dot display 
(doubles 
resolutionl 


• 
20-step meter with 
single pot brightness control 


• 
10-step (or multiples) 
programmer 


• 
Multi-step 
or "staging" 
controller 


• 
Combined 
controller 
and process deviation 
meter 


• 
Direction 
and rate indicator 
(to add to DVMsl 


• 
Exclamation 
point 
display 
for power saving 


• 
Graduations 
can 
be 
added 
to 
dot 
displays_ 
Dimly 


light every other 
LED using a resistor to ground 


• 
Electronic 
"meter-relay" 
-display 
could 
be circle 
or 
semi-circle 


• 
Moving 
"hole" 
display-indicator 
LED is dark, rest of 


bar lit 


• 
Drives 
vacuum-fluorescent 
and 
LCDs 
using 
added 


passive parts 


Dual-In-Line 
Package 


18 
lED 
NO.1 
lED 
NO.2 


2 
17 
V- 
lED 
NO.3 


V+ 


16 
lED 
NO.4 


DIVIDER 
4 
15 


(lOW END) 
lED 
NO.5 


14 
SIGNAL INPUT 
lED 
NO.6 


DIVIDER 
6 
13 


(HIGH END) 
lED 
NO.7 


12 
REFERENCE OUTPUT 
lED NO.8 


8 
11 
lED 
NO.9 
REFERENCE ADJUST 


10 
MODE SELECT 
lED 
NO. 10 


TOP VIEW 


Order 
Number 
3914J 
See NS Package 
J18A 


Order 
Number 
LM3914N 
See NS Package 
N18A 


~National 
~ 
Semiconductor 


The LM3915 is a monolithic 
integrated 
circuit 
that senses 


analog 
voltage 
levels 
and 
drives 
ten 
LEOs, 
LCOs 
or 
vacuum 
fluorescent 
displays, 
providing 
a logarithmic 
3 


dB/step 
analog display. One pin changes 
the display 
from 


a bar graph to a moving 
dot display. 
LED current 
drive is 
regulated 
and 
programmable, 
eliminating 
the 
need for 


current 
limiting 
resistors. 
The whole 
display 
system 
can 


operate 
from a single 
supply 
as low as 3V or as high as 


25V. 


The IC contains 
an adjustable 
voltage 
reference 
and an 


accurate 
ten-step 
voltage 
divider. The high-impedance 
in- 
put 
buffer 
accepts 
signals 
down 
to ground 
and 
up to 


within 
1.5V of the positive 
supply. Further, it needs no pro- 


tection 
against 
inputs 
of ± 35V.The input buffer drives 10 


individual 
comparators 
referenced 
to 
the 
precision 


divider. Accuracy 
is typically 
better 
than 1 dB. 


The LM3915's 3 dB/step 
display 
is suited 
for signals 
with 


wide dynamic 
range, such as audio 
level, power, light 
in- 


tensity 
or vibration. 
Audio 
applications 
include 
average 


or peak 
level 
indicators, 
power 
meters 
and 
RF signal 


strength 
meters. 
Replacing 
conventional 
meters 
with 
an 


LED 
bar 
graph 
results 
in 
a faster 
responding, 
more 


rugged display 
with high visibility 
that retains the ease of 
interpretation 
of an analog 
display. 


The LM3915 is extremely 
easy to apply. A 1.2V full-scale 


meter 
requires 
only 
one 
resistor 
in addition 
to the ten 


LEOs. 
One 
more 
resistor 
programs 
the 
full-scale 


anywhere 
from 1.2V to 12V independent 
of supply voltage. 
LED brightness 
is easily 
controlled 
with 
a single 
pot. 


The LM3915 is very versatile. The outputs 
can drive LCOs, 


vacuum 
fluorescents 
and incandescent 
bulbs 
as well as 


LEOs of any color. Multiple 
devices can be cascaded 
for a 


dot 
or bar mode 
display 
with 
a range 
of 60 or 90 dB. 


LM3915s 
can 
also 
be cascaded 
with 
LM3914s 
for 
a 


linear/log 
display 
or with 
LM3916s for an extended-range 


VU meter. 


• 
3 dB/step, 
30 dB range 


• 
Drives LEOs, LCOs, or vacuum 
fluorescents 


• 
Bar or dot display 
mode externally 
selectable 
by user 


• 
Expandable 
to displays 
of 90 dB 


• 
Internal 
voltage 
reference 
from 1.2V to 12V 


• 
Operates 
with single 
supply 
of 3V to 25V 


• 
Inputs 
operate 
down to ground 


• 
Output 
current 
programmable 
from 1 mA to 30 mA 


• 
Input 
withstands 
± 35V 
without 
damage 
or 
false 


outputs 


• 
Outputs 
are current 
regulated, 
open collectors 


• 
Directly 
drives TTL or CMOS 


• 
The 
internal 
10-step 
divider 
is floating 
and 
can 
be 


referenced 
to a wide range of voltages 


The LM3915 is rated for operation 
from O·C to + 70 ·C. The 


LM3915N 
is available 
in an 18-lead molded 
DIP package 


and the LM3915J comes 
in the 18-lead ceramic 
DIP. 


,..- 
I 
II 
LED 
I NO.1 


C1 
I 


TANT~~~~ ..L 


OR 10 ~F "'l' 


ELE;i~~~~~,~ 
I 
I 
IL 
_ 


OV to 10V Log Display 


3V ";;;VLEO ..;;;v+ 


/1/ 
/1/ 
/1/ 
/1/ 
/1/ 
/1/ 
/1/ 
/1/ 
DI 


LEO 
NO.10 


17 
16 
15 
14 
13 
12 
11 
10 


LM3915 


REF 
REF 
V- 
v+ 
RLO 
SIG 
RHI 
OUT 
AOJ 
MOOE 


2 
4 
5 
6 
7 
8 
9 


VREF=1.25V (:+ :: 
)+R2X80"A 


12.5V VREF 
ILED=--+-- 


R1 
2.2 kn 


r 


VREFL 


Note 1: Capacitor 
C1 is required 
if leads to 


the LED supply are 6" or longer. 


Note 2: Circuit as shown is wired for dot 
mode. For bar mode, connect pin 9 to pin 3. 
VLEO must be kept below 7V or dropping 
resistor should be used to limit Ie power 
dissipation. 


Power Dissipation 
(Note 5) 
Ceramic DIP(J) 
Molded DIP(N) 


Supply Voltage 


Voltage on Output Drivers 


lW 


625mW 


25V 


25V 


Input Signal Overvoltage (Note 3) 


Divider Voltage 


Reference Load Current 


Storage Temperature Range 


Lead Temperature (Soldering, 10 seconds) 


± 35V 


-lOOmV 
toV + 


10mA 


- 55'C to + 150'C 


300'C 


Offset 
Voltage, 
Buffer 
and 
Fi rst 
OV,.;VRLO = VRHI";12V, 
3 
10 
mV 
Comparator 
ILED= 1 mA 


Offset 
Voltage, 
Buffer 
and 
Any 
Other 
OV,.;VRLO = VRHI";12V, 
3 
15 
mV 
Comparator 
ILED= 1 mA 


Gain 
(AILED/AVIN) 
IL(REF)= 2 mA, ILED= 10 mA 
3 
8 
mA/mV 


Input 
Bias 
Current 
(at Pin 5) 
OV";VIN";(V+ 
-1.5V) 
10 
50 
nA 


Input 
Signal 
Overvoltage 
No Change 
in Display 
-35 
35 
V 


Divider 
Resistance 
Total, 
Pin 6 to 4 
15 
22 
30 
kG 


Relative 
Accuracy 
(Input 
Change 
(Note 
2) 
2.0 
3.0 
4.0 
dB 
Between 
Any Two Threshold 
Points) 


Absolute 
Accuracy 
at Each 
Threshold 
Point 
(Note 
2) 


VIN = - 3, - 6 dB 
-0.5 
+0.5 
dB 


VIN = -9 
dB 
-0.5 
+0.65 
dB 


VIN = - 12, - 15, - 18 dB 
-0.5 
+ 1.0 
dB 


VIN= 
-21, 
-24, 
-27 
dB 
-0.5 
+ 1.5 
dB 


Output 
Voltage 
0.1 mA,.;IL(REF)";4 
mA, 
1.2 
1.28 
1.34 
V 


V+ =VLED=5V 


Line 
Regulation 
3V,.;V+";18V 
0.01 
0.03 
%N 


Load 
Regulation 
0.1 mA,.;ILIREF)";4 
mA, 
0.4 
2 
% 


V+ =VLED=5V 


Output 
Voltage 
Change 
with 
Temperature 
O'C,.;TA,.; 
+ 70'C, 
ILIREF)= 1 mA, 
1 
% 


V+ =VLED=5V 


Adjust 
Pin Current 
75 
120 
flA 


LED Current 
V + = VLED = 5V, ILIREF)= 1 mA 
7 
10 
13 
mA 


LED Current 
Difference 
(Between 
Largest 
VLED = 5V, ILED= 2 mA 
0.12 
0.4 
mA 
and 
Smallest 
LED Currents) 
VLED = 5V, ILED= 20 mA 
1.2 
3 
mA 


LED Current 
Regulation 
2V,,;VLED";17V 
ILED=2 
mA 
0.1 
0.25 
mA 


ILED =20 
mA 
1 
3 
mA 


Dropout 
Voltage 
ILED(ON)= 2G..mA 
@ VLED = 5V, 
1.5 
V 


AILED = 2 mA 


Saturation 
Voltage 
ILED= 2.0 mA, IL(REF)= 0.4 mA 
0.15 
0.4 
V 


Output 
Leakage, 
Each 
Collector 
Bar Mode 
(Note 
4) 
0.1 
10 
flA 


Output 
Leakage 
Dot 
Mode 
(Note 
4) 


Pins 
10 - 18 
0.1 
10 
flA 
Pin 1 
60 
150 
450 
flA 


Supply 
Current 


Standby 
Supply 
Current 


(All 
Outputs 
Off) 


V + = + 5V, ILIREF)= 0.2 mA 


V + = + 20V, IL(REF)= 1.0 mA 
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Notes 


Note 1: Unless 
otherwise 
stated, 
all specifications 
apply 
with 
the following 
conditions: 


3VOC"V 
+ "20VOC 
- 0.015V"VRLO"12VOC 
TA= 25°C, 
IL(REF) = 0.2 mA, pin 9 connected 
to pin 3 (bar mode). 


3VOC"VLED"V 
+ 
VREF, VRHI, VRLO<;(V + -1.5V) 
For higher 
power dissipations, 
pulse testing 
is used. 


- 0.015V"VRHI<;12VOC 
OV<;VIN"V + -1.5V 


Note 2: Accuracy 
is measured 
referred 
to 0 dB ~ + 10.000VOC at pin 5, with + 10.000VOC at pin 6, and O.OOOVOCat pin 4. At lower full scale voltages, 
buffer 
and comparator 
offset 
voltage 
may add significant 
error. See table 
for threshold 
voltages. 


Not83: 
Pin 5 input 
current 
must 
be limited 
to :t 3 mA. The addition 
of a 39k resistor 
in series 
with 
pin 5 allows 
± lOOV signals 
without 
damage. 


Note 4: Bar mode results 
when pin 9 is within 
20 mV of V +. Dot mode results 
when pin 9 is pulled at least 200 mV below V +. LED #10 (pin 10 output 
current) 
is disabled 
if pin 9 is pulled 
O.9V or more below 
VLED. 


Note 5: The maximum 
junction 
temperature 
of the LM3915 is 100·C. Devices 
must be derated 
for operation 
at elevated 
temperatures. 
Junction 
to ambient 
thermal 
resistance 
is 75·CIW for the ceramic 
DIP (J package) 
and 120·CIW for the molded 
DIP (N package). 


THRESHOLD 
VOLTAGE 
(Note 
2) 


Output 
dB 
Min 
Typ 
Max 
Output 
dB 
Min 
Typ 
Max 


1 
-27 
0.422 
0.447 
0.531 
6 
-12 
2.372 
2.512 
2.819 
2 
-24 
0.596 
0.631 
0.750 
7 
- 
9 
3.350 
3.548 
3.825 


3 
-21 
0.841 
0.891 
1.059 
8 
- 6 
4.732 
5.012 
5.309 


4 
-18 
1.189 
1.259 
1.413 
9 
- 
3 
6.683 
7.079 
7.498 


5 
-15 
1.679 
1.778 
1.995 
10 
0 
9.985 
10 
10.015 


Typical Performance Characteristics 


Supply 
Current 
vs 
Operating 
Input 
Bias 
Reference 
Voltage 
vs 


Temperature 
Current 
vs Temperature 
Temperature 
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TEMPERATURE 
(OCI 
TEMPERATURE 
(OCI 
TEMPERATURE 
(OCl 


Reference 
Adjust 
Pin 
LED Current-Regulation 
LED Driver 
Saturation 


Current 
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Functional 
Description 


The simplified 
LM3915 block 
diagram 
is included 
to give 


the general 
idea of the circuil's 
operation. 
A high input im· 
pedance 
buffer operates 
with signals 
from ground to 12V, 


and is protected 
against 
reverse and overvoltage 
signals. 


The signal 
is then applied 
to a series of 10 comparators; 
each of which 
is biased to a different 
comparison 
level by 


the resistor 
string. 


In the example 
illustrated, 
the resistor 
string is connected 


to the internal 
1.25V reference 
voltage. 
In this 
case, for 
each 3 dB that 
the input 
signal 
increases, 
a comparator 
will switch 
on another 
indicating 
LED.This resistor 
divider 
can be connected 
between 
any 2 voltages, 
providing 
that 
they are at least 1.5V below V+ and no lower than V-. 


Internal 
Voltage 
Reference 


The reference 
is designed 
to be adjustable 
and develops 
a 
nominal1.25V 
between 
the REF OUT (pin 7) and REF ADJ 


(pin 
8) terminals. 
The 
reference 
voltage 
is 
impressed 
across 
program 
resistor 
R1 and, since the voltage 
is con· 


stant, a constant 
current 
11 then flows 
through 
the output 
set resistor 
R2 giving 
an output 
voltage 
of: 


Vour= 
VREF(1 +:~)+IAOJ R2 


Since 
the 120 ,..A current 
(max) from 
the adjust 
terminal 
represents 
an error term, the reference 
was designed 
to 
minimize 
changes 
of 
this 
current 
with 
V+ 
and 
load 
changes. 
For correct 
operation, 
reference 
load 
current 
should 
be between 
80 ,..A and 5 mA. Load capacitance 
should 
be less than 0.05 ,..F. 


Current 
Programming 


A feature 
not completely 
illustrated 
by the block diagram 
is the LED brightness 
control. 
The current 
drawn 
out of 


the reference 
voltage 
pin (pin 7) determines 
LED current. 


Approximately 
10 
times 
this 
current 
will 
be 
drawn 
through 
each 
lighted 
LED, 
and 
this 
current 
will 
be 


relatively 
constant 
despite 
supply 
voltage 
and 
tem· 
perature 
changes. 
Current 
drawn 
by 
the 
internal 


10·resistor 
divider, as well as by the external 
current 
and 


voltage·setting 
divider 
shouid 
be included 
in calculating 
LED drive current. The abiiity 
to modulate 
LED brightness 


with 
time, 
or in proportion 
to 
input 
voltage 
and 
other 
signals 
can lead to a number of novel displays 
or ways of 


indicating 
input overvoltages, 
alarms, 
etc. 


The LM3915 outputs 
are current·iimited 
NPN transistors 
as shown 
below. An internal 
feedback 
loop regulates 
the 


transistor 
drive. Output 
current 
is held at about 
10 times 


the reference 
load current, 
independent 
of output 
voltage 
and processing 
variables, 
as long as the transistor 
is not 
saturated. 


LM3915 Output 
Circuit 


PIN 1, PINS 10-18 


Outputs 
may be run in saturation 
with no adverse effects, 


making 
it possible 
to directly 
drive 
logic. The effective 


saturation 
resistance 
of the output 
transistors, 
equal 
to 


REplus the transistors' 
collector 
resistance, 
is about 50n. 
lt's also possible 
to drive LEDs from rectified 
AC with no 


filtering. 
To avoid oscillations, 
the LED supply 
should 
be 


bypassed 
with a 2.2,..F tantalum 
or 10,..F aluminum 
elec· 


trolytic 
capacitor. 


Mode Pin Use 


Pin 9, the Mode Select input, permits 
chaining 
of multiple 


LM3915s, 
and 
controls 
bar or dot 
mode 
operation. 
The 


following 
tabulation 
shows 
the basic ways of using 
this 


input. Other 
more complex 
uses will be illustrated 
in the 


applications. 


Bar Graph Display: 
Wire Mode Select (pin 9) directly 
to 


pin 3 (V + pin). 


Dot 
Display, 
Single 
LM3915 
Driver: 
Leave 
the 
Mode 


Select 
pin open circuit. 


Dot Display, 20 or More LEOs: Connect 
pin 9 of the first 


driver 
in the series 
(i.e., the one with 
the lowest 
input 


voltage 
comparison 
points) 
to pin 1 of the next higher 
LM3915 driver. Continue 
connecting 
pin 9 of lower 
in· 
put drivers to pin 1 of higher input drivers for 30 or more 
LED displays. 
The last 
LM3915 driver 
in the chain 
will 
have pin 9 left open. All previous 
drivers should 
have a 


20k resistor 
in parallel 
with 
LED #9 (pin 11 to VLEO)' 


This 
pin 
actually 
performs 
two 
functions. 
Refer 
to the 


simplified 
block diagram 
below. 


Block 
Diagram 
of Mode Pin Function 
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I ne 
(,;JIIp I::) In oar 
moae 
when pin 9 is above this level; otherwise 
it's in dot mode. 
The comparator 
is designed 
so that pin 9 can be left open 
circuit 
for dot mode. 


Taking into account 
comparator 
gain and variation 
in the 
100 mV reference 
level, pin 9 should 
be no more 
than 
20 mV below 
V + for bar mode 
and more 
than 
200 mV 
below 
V + (or open circuit) 
for dot mode. In most applica- 
tions, 
pin 9 is either 
open (dot mode) or tied to V + (bar 
mode). In bar mode, pin 9 should 
be connected 
directly 
to 
pin 3. Large currents 
drawn 
from the power supply 
(LED 


current, 
for example) 
should 
not share this 
path so that 


large IR drops are avoided. 


Dot Mode Carry 


In order 
for 
the 
display 
to 
make 
sense 
when 
mUltiple 
LM3915s are cascaded 
in dot mode, special 
circuitry 
has 
been included 
to shut off LED #10 of the first device when 
LED #1 of the second device comes on. The connection 
for 


cascading 
in dot mode has already been described 
and is 
depicted 
below. 


As long as the input signal voltage 
is below the threshold 


of the second 
LM3915, LED #11 is off. Pin 9 of LM3915 #1 
thus sees effectively 
an open circuit 
so the chip is in dot 
mode. As soon as the input voltage 
reaches the threshold 
of LED #11, pin 9 of LM3915 #1 is pulled an LED drop (1.5V 
or more) 
below 
VLED.This 
condition 
is sensed 
by com- 
parator 
C2, referenced 
600 mV below VLED'This forces the 
output 
of C2 low, which 
shuts 
off output 
transistor 
02, 


extinguishing 
LED #10. 


VLED is sensed 
via the 20k resistor 
connected 
to pin 11. 


The very small 
current 
(less than 100 p.A) that 
is diverted 
from LED #9 does not noticeably 
affect 
its intensity. 


An aUXiliary current 
source 
at pin 1 keeps at least 100 p.A 


flowing 
through 
LED #11 even if the input 
voltage 
rises 
high enough to extinguish 
the LED. This ensures that pin 9 


of LM3915 #1 is held low enough to force LED #10 off when 
any higher LED is illuminated. 
While 100 p.Adoes not nor- 
mally 
produce 
significant 
LED illumination, 
it may 
be 
noticeable 
when using high-efficiency 
LEDs in a dark en- 
vironment. 
If this 
is bothersome, 
the simple 
cure 
is to 


shunt 
LED #11 with a 10k resistor. The 1V IR drop is more 
than the 900 mV worst 
case required 
to hold off LED #10 
yet 
small 
enough. 
that 
LED 
#11 does 
not 
conduct 


significantly. 


numoer 
OJ L~US can De powerea rrom aDout ;:,v, It IS a very 


efficient 
display 
driver. Typical standby 
supply current (all 


LEDs OFF) 
is 1.6 mA. 
However, 
any 
reference 
loading 
adds 4times 
that current 
drain to the V + (pin 3) supply 
in- 


put. For example, 
an LM3916 with 
a 1 mA reference 
pin 
load (1.3k) would 
supply almost 
10 mA to every LED while 
drawing 
only 10 mA from its V + pin supply. At full·scale, 


the IC is typically 
drawing 
less than 
10% of the current 
supplied 
to the display. 


The display 
driver does not have built-in 
hysteresis 
so that 
the display 
does not jump 
instantly 
from one LED to the 
next. Under rapidly 
changing 
signal 
conditions, 
this cuts 
down high frequency 
noise and often an annoying 
flicker. 


An "overlap" 
is built in so that at no time are all segments 
completely 
off in the dot mode. Generally 
1 LED fades in 
while the other fades out over a mV or more of range. The 
change 
may be much more rapid between 
LED #10 of one 
device 
and LED #1 of a second 
device 
"chained" 
to the 
first. 


The 
most 
difficult 
problem 
occurs 
when 
large 
LED 
currents 
are being 
drawn, especially 
in bar graph 
mode. 


These 
currents 
flowing 
out 
of 
the 
ground 
pin 
cause 
voltage 
drops 
in external 
wiring, 
and 
thus 
errors 
and 
oscillations. 
Bringing 
the 
return 
wires 
from 
signal 
sources, 
reference 
ground 
and 
bottom 
of 
the 
resistor 
string to a single point very near pin 2 is the best solution. 


Long wires 
from VLEDto LED anode common 
can cause 


oscillations. 
Depending 
on the severity 
of the 
problem 
0.05 p.F to 2.2 I'F decoupling 
capacitors 
from 
LED anode 
common 
to pin 2 will damp the circuit. 
If LED anode 
line 
wiring 
is inaccessible, 
often similar 
decoupling 
from pin 1 
to pin 2 will be sufficient. 


If LED turn ON seems 
slow (bar mode) or several 
LEDs 
light (dot mode), oscillation 
or excessive 
noise is usually 


the problem. 
In cases where proper wiring 
and bypassing 
fail 
to stop 
oscillations, 
V+ 
voltage 
at pin 3 is usually 


below 
suggested 
limits. 
Expanded 
scale 
meter 
applica· 


tions 
may have one or both ends of the internal 
voltage 
divider terminated 
at relatively 
high value resistors. These 
high·impedance 
ends should 
be bypassed 
to pin 2 with at 
lease 
a 0.001 I'F 
capacitor, 
or 
up 
to 
0.1 I'F 
in 
noisy 
environments. 


Power dissipation, 
especially 
in bar mode should 
be given 
consideration. 
For example, 
with 
a 5V supply 
and all LEDs 
programmed 
to 20 mA the 
driver 
will 
dissipate 
over 600 
mW.ln 
this case a 7.50 resistor 
in series 
with the LED sup- 
ply will 
cut device 
heating 
in half. The negative 
end of the 
resistor 
should 
be bypassed 
with 
a 2.21'F solid 
tantalum 
capacitor 
to pin 2. 


Tips on Rectifier 
Circuits 


The 
simpiest 
way 
to 
display 
an 
AC 
signal 
using 
the 
LM3915 
is to apply 
it right 
to pin 5 unrectified. 
Since 
the 
LED 
illuminated 
represents 
the 
instantaneous 
value 
of 
the AC waveform, 
one can readily 
discern 
both 
peak and 
average 
values 
of 
audio 
signals 
in 
this 
manner. 
The 
LM3915 
will 
respond 
to positive 
half-cycles 
only 
but will 
not be damaged 
by signals 
up to ± 35V (or up to ± 100V if 
a 39k resistor 
is in series 
with 
the input). 
It's recommend- 
ed to use dot mode 
and to run the LEDs at 30 mA for high 
enough 
average 
intensity. 


True average 
or peak detection 
requires 
rectification. 
If an 
LM3915 
is set 
up with 
10V full 
scale 
across 
its 
voltage 
divider, 
the turn-on 
point 
for the first 
LED is only 450 mV. A 
simple 
silicon 
diode 
rectifier 
won't 
work 
well 
at the 
low 
end due to the 600 mV diode threshold. 
The half-wave 
peak 
detector 
in Figure 
1 uses a PNP emitter-follower 
in front of 
the 
diode. 
Now, 
the 
transistor's 
base-emitter 
voltage 
cancels 
out the diode 
offset, 
within 
about 
100 mV. This ap- 
proach 
is usually 
satisfactory 
when 
a single 
LM3915 
is 
used for a 30 dB display. 
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Display 
circuits 
using 
two or more LM3915s 
for a dynamic 
range of 60 dB or greater 
require 
more accurate 
detection. 
In the precision 
half-wave 
rectifier 
of Figure 
2 the effective 
diode 
offset 
is reduced 
by a factor 
equal 
to the open-loop 
gain 
of the op amp. 
Filter 
capacitor 
C2 charges 
through 
R3 and discharges 
through 
R2 and R3, so that appropriate 
selection 
of these 
values 
results 
in either 
a peak 
or an 
average 
detector. 
The circuit 
has a gain equal 
to R2/R1. 


It's 
best 
to capacitively 
couple 
the 
input. 
Audio 
sources 
frequently 
have a small 
DC offset 
that 
can cause 
signifi- 
cant 
error 
at the low end of the log display. 
Op amps 
that 
slew quickly, 
such 
as the LF351, LF353 or LF356, are need- 
ed to faithfully 
respond 
to sudden 
transients. 
It may 
be 
necessary 
to trim 
out the op amp DC offset 
voltage 
to ac- 
curately 
cover 
a 60 dB range. 
Best results 
are obtained 
if 
the circuit 
is adjusted 
for the correct 
output 
when 
a low- 


level 
AC signal 
(10 to 20 mV) is applied, 
rather 
than 
ad- 
justing 
for zero output 
with 
zero input. 


For 
precision 
full-wave 
averaging 
use 
the 
circuit 
in 
Figure 
3. Using 
1% 
resistors 
for R1 through 
R4, gain 
for 
positive 
and 
negative 
signal 
differs 
by only 
0.5 dB worst 
case. 
Substituting 
5% 
resistors 
increases 
this 
to 2 dB 
worst 
case. (A 2 dB gain difference 
means 
that the display 
may 
have 
a ± 1 dB error 
when 
the 
input 
is a nonsym- 
metrical 
transient). 
The averaging 
time 
constant 
is R5· C2. 


A simple 
modification 
results 
in the 
precision 
full-wave 
detector 
of Figure 
4. Since 
the filter 
capacitor 
is not buf- 
fered, 
this 
circuit 
can 
drive 
only 
high 
impedance 
loads 
such 
as the input 
of an LM3915. 
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Application Hints 
(Continued) 


Cascading 
the LM3915 


To display 
signals 
of 60 or 90 dB dynamic 
range, multiple 
LM3915s can be easily cascaded. 
Alternatively, 
it is possi· 
ble to cascade 
an LM3915 with 
LM3914s for a logllinear 
display 
or with 
an LM3916 to get an extended 
range VU 
meter. 


signal 
to 
the 
lower 
LM3915 
by 30 dB. 
Since 
two 
1% 
resistors 
can set the amplifier 
gain within 
± 0.2 dB, a gain 
trim is unnecessary. 
However, an op amp offset 
voltage 
of 
5 mV will shift the first 
LED threshold 
as much as 4 dB, so 
that an offset 
trim may be required. 
Note that a single ad- 
justment 
can null out offset 
in both the precision 
rectifier 
and the 30 dB gain stage. Alternatively, 
instead 
of amplify- 
ing, 
input 
signals 
of 
sufficient 
amplitude 
can 
be fed 
directly 
to the lower 
LM3915 and attenuated by 30 dB to 
drive the second 
LM3915. 


A simple, 
low cost approach 
to cascading 
two LM3915s is 


to set the reference 
voltages 
of the two chips 30 dB apart 
as in Figure 
5. Potentiometer 
R1 is used to adjust 
the full 


scale voltage 
of LM3915 #1 to 316 mV nominally 
while the 
second 
IC's reference 
is set at 10V by R4.The drawback 
of 


this method 
is that the threshold 
of LED #1 is only 14 mV 
and, since the LM3915 can have an offset 
voitage 
as high 
as 10 mY, large 
errors 
can occur. This 
technique 
is not 
recommended 
for 60 dB displays 
requiring 
good accuracy 
at the first 
few display 
thresholds. 


A better 
approach 
shown 
in 
Figure 
6 is to 
keep 
the 
reference 
at 10V for both LM3915s and amplify 
the input 


To extend this approach 
to get a 90 dB display, another 
30 
dB of amplification 
must 
be placed 
in the 
signai 
path 
ahead of the lowest 
LM3915. Extreme 
care is required 
as 
the lowest 
LM3915 displays 
input signals 
down to 0.5 mY! 
Several offset 
nulls may be required. 
High currents 
should 
not 
share 
the 
same 
path 
as the 
low 
level 
signal. 
Also 
power 
line wiring 
should 
be kept away from signal 
lines. 
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FIGURE 
6. Improved 
Circuit 
for 60 dB Display 


Application Hints 
(Continued) 


TIPS ON REFERENCE 
VOLTAGE 
AND LED CURRENT 
PROGRAMMING 


Single LM3915 


The 
equations 
in 
Figure 
7 
illustrate 
how 
to 
choose 
resistor 
values 
to 
set 
reference 
voltage 
for 
the 
simple 
case 
where 
no LED 
intensity 
adjustment 
is required. 
A 
LED current 
of 10 mA to 20 mA generally 
produces 
ade- 
quate 
illumination. 
Having 
10V full-scale 
across 
the inter- 
nal voltage 
divider 
gives 
best accuracy 
by keeping 
signal 
level high relative 
to the offset 
voltage 
of the internal 
com- 


parators. 
However, 
this 
causes 
450 I'A to flow 
from 
pin 7 


into the divider 
which 
means 
that 
the LED current 
will 
be 
atleast5 
mA. R1 will typically 
be between 
1 kO and 2 kO.To 
trim 
the reference 
voltage, 
vary R2. 


The circuit 
in Figure 
8 shows 
how to add a LED intensity 
control 
which 
can vary LED current 
from 
9 mA to 28 mA. 
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Pick R1 = 
12.5V 
ILED - VREF/2.2 
kD 


(VREF-1.25V) 


Pick R2= ------ 


1.25V/R1 + 0.08 mA 


The reference 
adjustment 
has some effect 
on LED intensi· 


ty but the reverse 
is not true. 


Multiple 
LM3915s 


Figure 
9 shows 
how 
to obtain 
a common 
reference 
trim 
and intensity 
control 
for two LM3915s.The 
two ICs may be 
connected 
in cascade 
for a 60 dB display 
or may be han- 


dling 
separate 
channels 
for stereo. This technique 
can be 


extended 
for 
larger 
numbers 
of LM3915s 
by varying 
the 
values 
of 
R1, R2 and 
R3 
in 
inverse 
proportion 
to 
the 


number 
of devices 
lied 
in. The 
ICs' 
internal 
references 


track 
within 
100 mV so that 
worst 
case error 
from 
chip 
to 


chip 
is only 0.1 dB for V REF = 10V. 
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range. The RHI voltage 
can be adjusted 
from 
1.2V to 10V 


with 
no effect 
on LED current. 
Since the internal 
divider 


here does not load down the reference, 
minimum 
LED cur· 
rent 
is 
much 
iower. 
At 
the 
minimum 
recommended 
reference 
load of 80 fJA, LED current 
is about 0.8 mA. The 


resistor 
values 
shown 
give a LED current 
range from 1.5 


mA to 20 mA. 


complished 
by varying 
the 
reference 
level at pin 6 by 3 


dBp-p as shown 
in Figure 
11.The signal 
can be a triangle, 


sawtooth 
or sine wave from 60 Hz to 1 kHz. The dispiay 
can 
be run in either 
dot or bar mode. 


When an exponentially 
decaying 
RC discharge 
waveform 
is applied 
to pin 5, the 
LM3915's 
outputs 
will 
switch 
at 
equal 
intervals. 
This makes 
a simple 
timer 
or sequencer. 


Each time 
interval 
is equal 
to RC/3. The output 
may be 


used 
to drive 
logic, 
opto-couplers, 
relays 
or PNP tran- 


sistors, 
for example. 


At the 
iow end of the intensity 
adjustment, 
the voltage 


drop across 
the 5100 current-sharing 
resistors 
is so small 


that chip to chip variation 
in reference 
voltage 
may yield a 


visible 
variation 
in LED intensity. 
The optional 
approach 


shown 
of connecting 
the bottom 
end of the intensity 
con- 


trol 
pot to a negative 
supply 
overcomes 
this 
problem 
by 
allowing 
a larger voltage 
drop across 
the (larger) current- 


sharing 
resistors. 


TO lM3915s 


PIN 7 
,....-J'--.. 


This application 
shows that the LED supply 
requires minimal filtering . 


• See Application 
Hints for optional 
Peak 


or Average Detector. 


t Adjust R3 for 3 dB difference 
between 


LED '11 and LED .12 


LED Threshold 


1 
60 mV 


2 
80 mV 


3 
110 mV 


4 
160 mV 


5 
220 mV 


6 
320 mV 


7 
440 mV 


8 
630 mV 


9 
890 mV 


10 
1.25 V 


t=l 
PIEZOELECTRIC 
-! TRANSDUCER 


Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
m 


LEO 
'" 
LEO 
ND.l0 


NO.1 
" 
" 
" 
" 


14 
13 
12 
" 
" 


lM3915 
OOT·BAR* 


SWITCH 
Z.2k 


MDDE 
"=' 
• 


* The input to the dot bar switch may be 
taken from cathodes of other LEOs. 
Display will change to bar as soon as the 
LED so selected begins to light. 


* * Optional. 
Shunts 100 IJ.Aauxiliary 
sink current away from LED #1. 


REF 
REF 


OUT 
AOJ 
MODE 


1 
• 
, 


CT 
1'" 


fiLAMENT 
LO 
.". 
.10 


•• 


•• 


R7 


R6 
Uk 


ANODE 


VACUUM 
fLUORESCENT 


BAR GRAPH 


v· 


12VTO 
lSV 


fiLAMENT 


HI 
.n 
220 
GRID 
AI, 


'12 


All 
." 


.n 


10 


R7 
thru 
R15: 
10k::t: 10% 


D1, D2: 1N914 or 1N4148 


* Half-wave 
peak detector. 


See Application 
Hints. 


r--------- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-SV 
;0- 
-lSV 
I 
~ 
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AUDIO -.J 


INPUT, 


--;u---, 
,. 
I 
I 
I 
I 
I 
I 
I 
I 
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Typical Applications 
(Continued) 


Low Current 
Bar Mode 
Display 


v+ 
RRR%~RR~ 


122V TO 


25VI 


REF 


AOJ 
MOOE 


8 
9 


+ 


~22 


Driving Liquid Crystal 
Display 


LIQUID 
CRYSTAL 
BAR 
GRAPH 


REF 


AOJ 
MOOE 


B 
9 


IN4001 
-= 


OOT 


II 


+ 
BAR 
120 VAC 
22 "F 
60 Hz 
I 


T1 
-= 


Bar Display 
with Alarm 
Flasher 
DI 


vLEO 
5V 


lBO 


Rl 
lk 


11/ 
11/ 
11/ 
11/ 
11/ 
11/ 
IlJ 
11/ 
11/ 
11/ 


LEO 
LEO 


NO.1 
NO.1B 


lB 
17 
16 
15 
14 
13 
12 
11 
10 


LM3915 
+ 
Cl 
100pF 


Full-scale 
causes 
the full 
bar display 
to 
flash. 
If 
the 
junction 
of 
R1 
and 
C1 
is 


connected 
to a different 
LED cathode, the 


display will flash when that lED lights, and 
at any higher input signal. 


lED 
fJ 
NO.11 


+221' 


Logarithmic 
response 
allows 
coarse 
and 
fine adjustments 
without changing scale. 


Resolution ranges from 10 mV at VIN = 0 to 
500 mV at VIN = ± 1.25V. 


Operating 
with 
a High Voltage 
Supply 
(Dot Mode Only) 


48V 


3.9k 
3.9k 
lW 
lW 
lN4002 


Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 
Il/ 


lED 


lED 
NO.10 


NO.1 
18 
17 
16 
15 
14 
13 
12 
11 
10 


lMJ915 


The 
LED 
currents 
are 
approximately 
10 mA, and the LM3915 outputs operate 
in saturation 
for minimum dissipation. 


* This 
point 
is 
partially 
regulated 
and 
decreases 
in voltage 
with 
temperature. 


Voltage requirements 
of the lM3915 
also 
decrease with temperature. 


LM3915 


V· 
"LO 
SlG 
"HI 
MODE 


• 
, 
6 
9 


'::" 


+ 


OFF 
~22 


~N 


-=-9V 
lDpF 
* 


3.9k,. 


120k 
1M' 
2% 


REF 
REF 


OUT 
AOJ 
MODE 


7 
• 
9 


• Resistor value selects exposure 


1/2 f/stop 
resolution 


Ten I/stop 
range (1000:1) 


Typical supply current is 8 mA. 


18 
LEO 
NO.2 
LEO 
NO.1 


v- 
17 
LEO 
NO.3 


v· 


16 
LEO 
NO.4 


DIVIDER 
1S 


(LOWENO) 
LEO 
NO.5 
DI 


,. 


SIGNAL 
INPUT 
LEO 
NO.6 


DIVIDER 
6 
13 


(HIGH 
END) 
LEO 
NO.7 


REFERENCE 
OUTPUT 
12 
LED 
NO.8 


REFERENCE 
ADJUST 
11 
LED 
NO.9 


10 
MODE 
SELECT 
LEO 
NO. 
10 


Order 
Number 
LM3915J 
See NS Package 
J18A 


Order 
Number 
LM3915N 
See NS Package 
N18A 
Load 
R1 


Impedance 


40 
10k 
80 
18k 


160 
30k 


Absolute 
Accuracy: 
The difference 
between 
the observed 


threshold 
voltage 
and 
the 
ideal 
threshold 
voltage 
for 


each comparator. 
Specified 
and tested 
with 
10V across 


the internal 
voltage 
divider 
so that 
resistor 
ratio 
match- 


ing error predominates 
over comparator 
offset 
voltage. 


Adjust 
Pin Current: 
Current 
flowing 
out of the reference 


adjust 
pin when 
the reference 
amplifier 
is in the linear 


region. 


Comparator 
Gain: The ratio of the change 
in output 
cur- 


rent (ILEO) 
to the change 
in input voltage 
(V1N) required 
to 


produce 
it for a comparator 
in the linear region. 


Dropout 
Voltage: 
The voltage 
measured 
at the 
current 


source 
outputs 
required 
to make the output 
current 
fall 


by 10%. 


Input Bias Current: Current 
flowing 
outlof the signal input 


when the input 
buffer 
is in the linear region. 


LED Current 
Regulation: 
The change 
in output 
current 


over the specified 
range of LED supply 
voltage 
(VLED) as 


measured 
at the current 
source 
outputs. 
As the forward 


voltage 
of an LED does not change 
significantly 
with 
a 


small 
change 
in forward 
current, 
this 
is equivalent 
to 


changing 
the voltage 
at the 
LED anodes 
by the 
same 


amount. 


Line Regulation: 
The average change 
in reference 
output 


voltage 
(VREF) over the specified 
range of supply 
voltage 


(V+). 


Load Regulation: 
The change 
in reference 
output 
voltage 


over the specified 
range of load current 
(Il.(REF)). 


Offset 
Voltage: The differential 
input voltage 
which 
must 


be applied 
to each comparator 
to bias the output 
in the 


linear 
region. 
Most 
significant 
error 
when 
the 
voltage 


across the internal 
voltage 
divider 
is small. Specified 
and 


tested 
with 
pin 6 voltage 
(VRH1) 
equal 
to pin 4 voltage 


(VRLO)' 


Relative Accuracy: 
The difference 
between 
any two adja- 


cent 
threshold 
points. 
Specified 
and 
tested 
with 
10V 


across 
the internal 
voltage 
divider 
so that 
resi~tor 
ratio 


matching 
error 
predominates 
over 
comparator 
offset 


voltage. 


~National 
~ 
Semiconductor 


LM3916 Dot/Bar Display Driver 


The LM3916 is a monolithic 
integrated 
circuit 
that senses 


analog 
voltage 
levels 
and 
drives 
ten 
LEDs, 
LCDs 
or 


vacuum 
fluorescent 
displays, 
providing 
an electronic 
ver- 
sion 
of 
the 
popular 
VU meter. 
One 
pin 
changes 
the 


display 
from 
a bar graph 
to a moving 
dot display. 
LED 


current 
drive is regulated 
and programmable, 
eliminating 


the need for current 
limiting 
resistors. 
The whole display 
system 
can operate 
from a single 
supply 
as low as 3V or 


as high as 25V. 


The IC contains 
an adjustable 
voltage 
reference 
and an 


accurate 
ten-step 
voltage 
divider. 
The high-impedance 


input 
buffer 
accepts 
signals 
down 
to ground 
and up to 


within 
1.5V of the 
positive 
supply. 
Further, 
it needs 
no 
protection 
against 
inputs 
of 
± 35V. The 
input 
buffer 


drives 
10 individual 
comparators 
referenced 
to the preci- 


sion divider. 
Accuracy 
is typically 
better 
than 0.2 dB. 


Audio 
applications 
include 
average 
or peak 
level 
indi- 
cators, 
and 
power 
meters. 
Replacing 
conventional 


meters 
with an LED bar graph results 
in a faster 
respond- 


ing, more rugged display 
with 
high visibility 
that 
retains 
the ease of interpretation 
of an analog 
display. 


The LM3916 is extremely 
easy to apply. A 1.2V full-scale 


meter 
requires 
only 
one 
resistor 
in addition 
to the ten 


LEDs. 
One 
more 
resistor 
programs 
the 
full-scale 


anywhere 
from 
1.2V 
to 
12V 
independent 
of 
supply 


voltage. 
LED brightness 
is easily controlled 
with a single 


pot. 


The LM3916 is very versatile. 
The outputs 
can drive LCDs, 
vacuum 
fluorescents 
and incandescent 
bulbs as well as 


LEDs of any color. Multiple 
devices 
can be cascaded 
for a 


dot 
or 
bar 
mode 
display 
for 
increased 
range 
and/or 


resolution. 
Useful 
in other 
applications 
are the 
linear 


LM3914 and the logarithmic 
LM3915. 


• 
Fast responding 
electronic 
VU meter 


• 
Drives LEDs, LCDs, or vacuum 
fluorescents 


• 
Bar or dot display 
mode externally 
selectable 
by user 


• 
Expandable 
to displays 
of 70 dB 


• 
Internal 
voltage 
reference 
from 1.2V to 12V 


• 
Operates 
with 
single 
supply 
of 3V to 25V 


• 
Inputs 
operate 
down 
to ground 


• 
Output 
current 
programmable 
from 
1 mA to 30 mA 


• 
Input 
withstands 
± 35V 
without 
damage 
or false 


outputs 


• 
Outputs 
are current 
regulated, 
open collectors 


• 
Directly 
drives TTL or CMOS 


• 
The 
internal 
10-step 
divider 
is floating 
and 
can 
be 


referenced 
to a wide range of voltages 


The LM3916 is rated 
for operation 
from 
O·C to + 70·C. 


The 
LM3916N 
is available 
in an 18-lead 
molded 
DIP 
package 
and the LM3916J comes 
in the 18-lead ceramic 


DIP. 


-20 
-10 
r- 
I 
II 
lED 
I NO.1 


Cl I 


TANT~'~~~ ..l- 


OR10.' """ 


HEtTl~:~~~I~ 
II 
IL 
_ 


VREF = 1.25V 
(: + :~ ) + R2 x 80.A 


12.5V 
VREF 
ILED=--+-- 


Rl 
2.2 kO 


/1/ 
/1/ 


lED 
NO.10 


11 
10 


RlO 
SIG 
RHI 


4 
5 
6 
I 


I 


REF 


AOJ 
MODE 


8 
9 


Note 1: Capacitor 
Cl is required if leads to 
the LED supply are 6" or longer. 


Note 2: Circuit 
as shown is wired for dot 
mode. For bar mode, connect pin 9 to pin 3. 
VLED must be kept below 7V or dropping 
resistor should be used to limit Ie power 
dissipation. 


Ceramic DIP(J) 
lW 
Divider Voltage 
-100mV 
toV+ 


Molded DIPIN) 
625 mW 
Reference Load Current 
10mA 
Supply Voltage 
25V 
Storage Temperature Range 
- 55·C to + 150·C 
Voltage on Output Drivers 
25V 
Lead Temperature (Soldering, 10 seconds) 
300·C 
Electrical Characteristics 
(Note 
1) 


Parameter 
Conditions 
(Note 1) 
Mln 
Typ 
Max 
Units 


Comparators 


Offset 
Voltage, 
Buffer 
and 
First 
OV" VALO = VAH1" 12V, 
3 
10 
mV 


Comparator 
ILED= 1 mA 


Offset 
Voltage, 
Buffer 
and Any Other 
OV" VALO = VAH1" 12V, 
3 
15 
mV 


Comparator 
ILED= 1 mA 


Gain 
(<lILED/<lVIN) 
IL(AEF)= 2 mA, ILEO= 10 mA 
3 
8 
mA/mV 


Input 
Bias 
Current 
(at Pin 5) 
OV"VIN,,(V+ 
-1.5V) 
10 
50 
nA 


Input 
Signal 
Overvoltage 
No Change 
in Display 
-35 
35 
V 


Voltage 
Divider 


Divider 
Resistance 
Total, 
Pin 6 to 4 
6.5 
10 
15 
kG 


Relative 
Accuracy 
(Input 
Change 
(Note 
2) 


Between 
Any Two Threshold 
Points) 
-1 
dB"V1N,,3 
dB 
0.75 
1.0 
1.25 
dB 


-7 
dB"V1N" 
-1 
dB 
1.5 
2.0 
2.5 
dB 


-10 
dB"V1N" 
-7 
dB 
2.5 
3.0 
2.5 
dB 


Absolute 
Accuracy 
(Note 
2) 


VIN=2, 
1,0, 
-1 
dB 
-0.25 
+0.25 
dB 


VIN = - 3, - 5 dB 
-0.5 
+0.5 
dB 


VIN= 
-7, 
-10, 
-20dB 
-1 
+1 
dB 


Voltage 
Reference 


Output 
Voltage 
0.1 mA" 
IL(AEF)" 4 mA, 
1.2 
1.28 
1.34 
V 


V+ 
=VLEO=5V 


Line 
Regulation 
3V"V 
+ ,,18V 
0.01 
0.03 
%N 


Load 
Regulation 
0.1 mA" 
ILIAEF)" 4 mA, 
0.4 
2 
% 


V+ 
=VLEO=5V 


Output 
Voltage 
Change 
with 
Temperature 
O·C"TA" 
+ 70·C, 
IL(AEF)= 1 mA, 
1 
% 


V+ =VLEO=5V 
I 


Adjust 
Pin Current 
75 
120 
p.A 


Output 
Drivers 


LED Current 
V + = VLED = 5V, IlIAEF) = 1 mA 
7 
10 
13 
mA 


LED Current 
Difference 
(Between 
Largest 
VLEO = 5V, ILEO= 2 mA 
0.12 
0.4 
mA 


and Smallest 
LED Currents) 
VLEO = 5V, ILEO= 20 mA 
1.2 
3 
mA 


LED Current 
Regulation 
2V" 
VLEO" 
17V 
ILEO=2 
mA 
0.1 
0.25 
mA 


ILEO=20 
mA 
1 
3 
mA 


Dropout 
Voltage 
ILED(oN) = 20 mA 
@ VLEO = 5V, 
1.5 
V 


<lILED=2 
mA 


Saturation 
Voltage 
ILED= 2.0 mA, IL(AEF)= 0.4 mA 
0.15 
0.4 
V 


Output 
Leakage, 
Each 
Collector 
Bar Mode 
(Note 
4) 
0.1 
100 
p.A 


Output 
Leakage 
Dot Mode 
(Note 
4) 


Pins 
10 - 
18 
0.1 
100 
p.A 


Pin 1 
60 
150 
450 
p.A 


Supply 
Current 


Standby 
Supply 
Current 
V + = + 5V, ILIAEF)= 0.2 mA 
2.4 
4.2 
mA 


(All 
Outputs 
Off) 
V + = + 20V, IlIAEF) = 1.0 mA 
6.1 
9.2 
mA 


Notes 


Note 1: Unless 
otherwise 
stated, 
all specifications 
apply 
with 
the following 
conditions: 


3 VOCsV 
+ s20 
VOC 
-0.D15VsVRLos12 
VOC 
TA = 25 ·C, IL(REF) = 0.2 mA, pin 9 connected 
to pin 3 (bar mode). 


3 VOCSVLEOSV+ 
VREF, VRHI, VRLOS(V+ 
-1.5V) 
For higher power dissipations, 
pulse testing 
is used. 


-0.015VsVRHls12 
VOC 
OVSVINSV+ 
- 1.5V 
Note 2: Accuracy 
is measured 
referred 
to + 3 dB = + 10.000 VDC at pin 5, with + 10.000 VOC at pin 6, and 0.000 VOC at pin 4. At lower full·scale 
voltages, 


buffer 
and comparator 
offset 
voltage 
may add significant 
error. See table 
for threshold 
voltages. 


Note 3: Pin 5 input 
current 
must 
be limited 
to ± 3 mA. The addition 
of a 39k resistor 
in series 
with 
pin 5 allows 
± lODV 
signals 
without 
damage. 


Note 4: Bar mode results 
when pin 9 is within 
20 mV of V +. Dot mode results 
when pin 9 is pulled at least 200 mV below V +. LEO #10 (pin 10 output 
current) 
Is disabled 
if pin 9 is pulled 
0.9V or more 
below 
VLEO' 


Note 5: The maximum 
junction 
temperature 
of the lM3916 is 100·C. Devices 
must be derated 
for operation 
at elevated 
temperatures. 
Junction 
to ambient 
thermal 
resistance 
is 75·Crw 
for the ceramic 
DIP (J package) 
and 120·Crw 
for the molded 
DIP (N package). 


LM3916 
THRESHOLD 
VOLTAGE 
(Note 
2) 


Volts 
Volts 


dB 
Min 
Typ 
Max 
dB 
Min 
Typ 
Max 


3 
9.985 
10.000 
10.015 
-3± 
1/2 
4.732 
5.012 
5.309 


2 ± 1/4 
8.660 
8.913 
9.173 
- 5 ± 1/2 
3.548 
3.981 
4.467 


1 ± 1/4 
7.718 
7.943 
8.175 
-7±1 
2.818 
3.162 
3.548 


O± 1/4 
6.879 
7.079 
7.286 
-10± 
1 
1.995 
2.239 
2.512 


-1 
± 1/2 
5.957 
6.310 
6.683 
-20+ 
1 
0.631 
0.708 
0.794 
Typical Performance Characteristics 


Supply 
Current 
vs 
Operating 
Input 
Bias 
Reference 
Voltage 
vs 
Temperature 
Current 
vs Temperature 
Temperature 
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TEMPERATURE 
eCI 
TEMPERATURE 
I C) 
TEMPERATURE 
( C) 


Reference 
Adjust 
Pin 
LED Current· 
Regulation 
LED Driver 
Saturation 


Current 
vs Temperature 
Dropout 
Voltage 
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Input 
Current 
Beyond 
LED Current 
vs 
LED Driver 
Current 


Signal 
Range 
(Pin 5) 
Reference 
Loading 
Regulation 
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The simplified 
LM3916 block diagram 
is included 
to give 
the general 
idea of the circuit's 
operation. 
A high input 
impedance 
buffer 
operates 
with 
signals 
from 
ground 
to 
12V, and 
is protected 
against 
reverse 
and 
overvoltage 
signals. 
The 
signal 
is then 
applied 
to 
a series 
of 
10 
comparators; 
each of which 
is biased 
to a different 
com- 
parison 
level by the resistor 
string. 


In the example 
illustrated, 
the resistor 
string 
is connected 
to 
the 
internal 
1.25V reference 
voltage. 
As 
the 
input 
voltage 
varies from 0 to 1.25, the comparator 
outputs 
are 
driven 
low one by one, switching 
on the LED indicators. 
The 
resistor 
divider 
can 
be connected 
between 
any 2 
voltages, 
providing 
that 
they are at least 
1.5V below V+ 
and no lower than V -. 


Internal 
Voltage 
Reference 


The reference 
is designed 
to be adjustabie 
and develops 
a 
nominal1.25V 
between 
the REF OUT (pin 7) and REF ADJ 
(pin 
8) terminals. 
The 
reference 
voltage 
is 
impressed 
across 
program 
resistor 
R1 and, since the voltage 
is con- 
stant, 
a constant 
current 
I, then flows 
through 
the output 
set resistor 
R2 giving 
an output 
voltage 
of: 


Vour=VREFt 
+~)+ IAOJR2 


I 


'll 
lM3916 
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• 
REF 
REF 
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OUT __ 
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~EF 
8 
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Your 
~IAOJ 
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R2 


Since 
the 120 p.A current 
(max) from 
the adjust 
terminal 
represents 
an error term, the reference 
was designed 
to 
minimize 
changes 
of 
this 
current 
with 
V+ 
and 
load 
changes. 
For correct 
operation, 
reference 
load 
current 
should 
be between 
80 p.A and 5 mA. Load capacitance 
should 
be less than 0.05p.F. 


Current 
Programming 


A feature 
not completely 
illustrated 
by the block diagram 
is the LED brightness 
control. 
The current drawn out of the 
reference 
voltage 
pin 
(pin 
7) determines 
LED current. 


Approximately 
10 times this current will be drawn through 
each lighted 
LED, and this current 
will be relatively 
con- 
stant 
despite 
supply 
voltage 
and temperature 
changes. 
Current drawn by the internal10-resistor 
divider, as well as 
by the external 
current 
and voltage-selling 
divider should 
be included 
in calculating 
LED drive current. The ability 
to 
modulate 
LED brightness 
with time, or in proportion 
to in- 
put voltage 
and other 
signals 
can 
lead to a number 
of 
novel displays 
or ways 
of indicating 
input 
overvoltages, 
alarms, 
etc. 


The LM3916 outputs 
are current-limited 
NPN transistors 
as shown 
below. An internal 
feedback 
loop regulates 
the 
transistor 
drive. Output 
current 
is held at about 
10 times 
the reference 
load current, 
independent 
of output 
voltage 
and processing 
variables, 
as long as the transistor 
is not 
saturated. 


Outputs 
may be run in saturation 
with no adverse effects, 


making 
it possible 
to directly 
drive 
logic. 
The effective 
saturation 
resistance 
of the output 
transistors, 
equal 
to 
RE plus the transistors' 
collector 
resistance, 
is about 500. 
it's also possible 
to drive LEDs from rectified 
AC with 
no 
filtering. 
To avoid oscillations, 
the LED supply 
should 
be 
bypassed 
with a 2.2 I'F tantalum 
or 10 p.F aluminum 
elec- 
trolytic 
capacitor. 


Mode Pin Use 


Pin 9, the Mode Select input, permits 
chaining 
of mUltiple 
devices, 
and 
controls 
bar or dot 
mode 
operation. 
The 
following 
tabulation 
shows 
the basic ways of using 
this 
input. Other more complex 
uses will be illustrated 
in the 
applications. 


Bar Graph Display: 
Wire Mode Select (pin 9) directly 
to 
pin 3 (V + pin). 


Dot 
Display, 
Single 
LM3916 
Driver: 
Leave 
the 
Mode 
Select pin open circuit. 


Dot Display, 20 or More LEOs: Connect 
pin 9 of the first 
driver 
in the series (I.e., the one with 
the lowest 
input 
voltage 
comparison 
points) 
to pin 1 of the next higher 
LM3916 driver. Continue 
connecting 
pin 9 of lower input 
drivers to pin 1 of higher input drivers for 30 or more LED 
displays. 
The last LM3916 driver 
in the chain 
will have 
pin 9 left open. All previous 
drivers 
should 
have a 20k 
resistor 
in parallel 
with LED #9 (pin 11 to VLEO). 


This 
pin actually 
performs 
two 
functions. 
Refer to the 
simplified 
block diagram 
beiow. 


Block 
Diagram 
of Mode Pin Function 
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when 
pin 9 is above this 
level; otherwise 
it's in dot mode. 


The comparator 
is designed 
so that 
pin 9 can be left open 


circuit 
for dot mode. 


Taking 
into account 
comparator 
gain and variation 
in the 


100 mV 
reference 
level, 
pin 9 should 
be no more 
than 


20 mV below 
V + for 
bar 
mode 
and 
more 
than 
200 mV 


below 
V+ 
(or open 
circuit) 
for dot mode. 
In most 
applica- 


tions, 
pin 9 is either 
open 
(dot 
mode) 
or tied 
to V + (bar 


mode). 
In bar mode, 
pin 9 should 
be connected 
directly 
to 


pin 3. Large 
currents 
drawn 
from 
the power 
supply 
(LED 


current, 
for example) 
should 
not share 
this 
path 
so that 


large 
IR drops 
are avoided. 


Dot Mode Carry 


In order 
for 
the 
display 
to 
make 
sense 
when 
multi pie 


drivers 
are cascaded 
in dot 
mode, 
special 
circuitry 
has 


been included 
to shut off LED #10 of the first 
device 
when 


LED #1 of the second 
device 
comes 
on. The connection 


for cascading 
in dot 
mode 
has already 
been 
described 


and is depicted 
in Figure 
1. 


As long as the input 
signal 
voitage 
Is below 
the threshold 


of the second 
driver, 
LED #11 is off. Pin 9 of driver 
#1 thus 


sees effectively 
an open circuit 
so the chip is in dot mode. 


As soon as the input voltage 
reaches 
the threshold 
of LED 


#11, pin 9 of driver 
#1 is pulled 
an LED drop (1.5V or more) 


below 
VLED. This 
condition 
is sensed 
by comparator 
C2, 


VLED is sensed 
via the 20k resistor 
connected 
to pin 11. 
The very small 
current 
(less 
than 
100 p.A) that 
is diverted 
from 
LED #9 does 
not noticeably 
affect 
its intensity. 


An auxiliary 
current 
source 
at pin 1 keeps 
at least 
100 p.A 
flowing 
through 
LED #11 even 
if the 
input 
voltage 
rises 
high enough 
to extinguish 
the LED. This ensures 
that 
pin 


9 of driver 
#1 is held low enough 
to force 
LED #10 off when 
any higher 
LED is illuminated. 
While 
100 p.A does 
not nor· 


mally 
produce 
significant 
LED 
illumination, 
it 
may 
be 


noticeable 
when 
using 
high-efficiency 
LEDs in a dark en· 
vironment. 
If this 
is bothersome, 
the 
simple 
cure 
is to 


shunt 
LED #11 (and LED #1) with 
a 10k resistor. 
The 1V IR 
drop 
is more than the 900 mV worst 
case 
required 
to hold 
off LED #10 yet small 
enough 
that 
LED #11 does 
not con- 


duct 
significantly. 


In some circuits 
a number 
of outputs 
on the higher 
device 


are not 
used. 
Examples 
include 
the 
high 
resolution 
VU 
meter 
and 
the 
expanded 
range 
VU 
meter 
circuits 
(see 


Typical 
Applications). 
To provide 
the 
proper 
carry 
sense 


voltage 
in dot 
mode, 
the LEDs of the higher 
driver 
IC are 


tied 
to 
VLED 
through 
two 
series-connected 
diodes 
as 


shown 
in Figure 
2. Shunting 
the diodes 
with 
a 1k resistor 


provides 
a path 
for driver 
leakage 
current. 


Other Device Characteristics 


The LM3915 is relatively 
low-powered 
itself, and since any 


number of LEOs can be powered 
from about 3V, it is a very 


efficient 
display 
driver. Typical 
standby 
supply 
current (all 
LEOs OFF) is 1.6 mA. However, any reference 
loading 
adds 


4 times that current drain to the V + (pin 3) supply input. For 
example, 
an LM3915 with a 1 mA reference 
pin load (1.3k) 
would 
supply 
almost 
10 mA to every LED while 
drawing 


only 10 mA from 
its V + pin supply. At full-scale, 
the IC is 


typically 
drawing 
less than 10% of the current 
supplied 
to 


the display. 


The display 
driver does not have built-in 
hysteresis 
so that 
the display 
does not jump 
instantly 
from one LED to the 
next. Under rapidly 
changing 
signal 
conditions, 
this cuts 
down high frequency 
noise and often 
an annoying 
flicker. 
An "overlap" 
is built in so that at no time are all segments 


completely 
off in the dot mode. Generally 
one LED fades 


in while the other fades out over a 1 mV to 3 mV range. The 
change 
may be much more rapid between 
LED #10 of one 


device and LED #1 of a second 
device cascaded. 


The 
most 
difficult 
problem 
occurs 
when 
large 
LED 


currents 
are being 
drawn, 
especially 
in bar graph 
mode. 


These 
currents 
flowing 
out 
of 
the 
ground 
pin 
cause 
voltage 
drops 
in external 
wiring, 
and 
thus 
errors 
and 
oscillations. 
Bringing 
the 
return 
wires 
from 
signal 
sources, 
reference 
ground 
and 
bottom 
of the 
resistor 


string 
to a single 
point very near pin 2 is the best solution. 


Long wires 
from VLED to LED anode 
common 
can cause 


oscillations. 
The 
usual 
cure 
is 
bypassing 
the 
LED 
anodes 
with 
a 2.2 I'F tantalum 
Or 10 I'F aluminum 
elec- 


trolytic 
capacitor. 
If the 
LED anode 
line wiring 
is inac- 
cessible, 
often 
a 0.1 I'F capacitor 
from 
pin 1 to pin 2 will 
be sufficient. 


If there is a large amount 
of LED overlap 
in the bar mode, 


oscillation 
or excessive 
noise 
is usually 
the problem. 
In 


cases 
where 
proper 
wiring 
and 
bypassing 
fail 
to stop 


oscillations, 
V + voltage 
at pin 3 is usually 
below 
sug- 
gested 
limits. 
When several 
LEOs are lit in dot mode, the 


problem 
is usually 
an AC component 
of the input 
signal 


which 
should 
be filtered 
out. 
Expanded 
scale 
meter 
ap- 


plications 
may 
have one 
or both 
ends 
of the 
internal 


voltage 
divider 
terminated 
at 
relatively 
high 
value 


resistors. 
These 
high-impedance 
ends 
should 
be 
by- 
passed 
to pin 2 with 0.1I'F. 


Power 
dissipation, 
especially 
in 
bar 
mode 
should 
be 


given consideration. 
For example, 
with 
a 5V supply 
and 


all LEOs programmed 
to 20 mA the driver 
will 
dissipate 


over 600 mW. In this 
case 
a 7.50 resistor 
in series 
with 


the 
LED 
supply 
will 
cut 
device 
heating 
in 
half. 
The 
negative 
end of the resistor 
should 
be bypassed 
with 
a 


2.2 I'F 
solid 
tantalum 
or 
10 I'F 
aluminum 
electrolytic 
capacitor 
to pin 2. 


Tips on Rectifier 
Circuits 


The 
simplest 
way 
to 
display 
an 
AC 
signal 
using 
the 
LM3916 is to apply 
it right 
to pin 5 unrectified. 
Since the 
LED illuminated 
represents 
the instantaneous 
value of the 
AC 
waveform, 
one 
can 
readily 
discern 
both 
peak 
and 


average 
values 
of 
audio 
signals 
in 
this 
manner. 
The 


LM3916 will 
respond 
to positive 
half-cycles 
only 
but will 


not be damaged 
by signals 
up to ± 35V (or up to ± 100V if a 
39k resistor 
is in series with the input). A smear or bar type 


display 
results 
even though 
the LM3916 is connected 
for 


dot mode. The LEOs should 
be run at 20 mA to 30 mA for 
high enough 
average 
intensity. 


True average or peak detection 
requires 
rectification. 
If an 
LM3916 is set up with 
10V full 
scale 
across 
its voltage 


divider, the turn-on 
point for the first 
LED is only 450 mY. A 


simple 
silicon 
diode 
rectifier 
won't 
work 
well 
at the low 
end due to the 600 mV diode threshold. 
The half-wave 
peak 


detector 
in Figure 3 uses a PN P emitter-follower 
in front of 


the 
diode. 
Now, 
the 
transistor's 
base-emitter 
voltage 


cancels 
out the diode 
offset, 
within 
about 
100 mY. This 
approach 
is usually 
satisfactory 
when a single 
LM3916 is 


used for a 23 dB display. 


Display 
circuits 
such 
as the extended 
range 
VU meter 


using two or more drivers for a dynamic 
range of 40 dB or 


greater 
require 
more accurate 
detection. 
In the precision 
half-wave 
rectifier 
of Figure 
4 the effective 
diode offset 
is 
reduced 
by a factor 
equal to the open-loop 
gain of the op 


amp. 
Filter 
capacitor 
C2 
charges 
through 
R3 
and 
discharges 
through 
R2 and R3, so that appropriate 
selec- 


tion of these values results 
in either a peak or an average 


detector. The circuit 
has a gain equal to R2/R1. 


It's best to capacitively 
couple 
the input. 
Audio 
sources 


frequently 
have a small 
DC offset 
that can cause 
signifi- 
cant error at the low end of the log display. Op amps that 
slew 
quickly, 
such 
as the 
LF351, LF353 
or 
LF356, 
are 
needed to faithfully 
respond 
to sudden 
transients. 
It may 


be necessary 
to trim out the op amp DC offset 
voltage 
to 


accurately 
cover a 60 dB range. Best results 
are obtained 
if 


the circuit 
is adjusted 
for the correct 
output 
when a low- 


level AC signal 
(10 to 20 mY) is applied, 
rather 
than 
ad- 


justing 
for zero output 
with zero input. 


Cl 
''"' 
INPUT-1 


Rl = R2 for AV = 1 


Rl = R2/10 for AV = 10 


Cl =10/R1 


For 
precision 
full-wave 
averaging 
use 
the 
circuit 
in 


Figure 
5. Using 1% resistors 
for R1 through 
R4, gain for 


positive 
and negative 
signal 
differs 
by only 0.5 dB worst 


case. Substituting 
5% 
resistors 
increases 
this 
to 2 dB 


worst case. (A 2 dB gain difference 
means that the display 


may 
have a ± 1 dB error 
when 
the 
input 
is a nonsym- 
metrical 
transient). 
The averaging 
time constant 
is R5·C2. 
A simple 
modification 
results 
in the precision 
full-wave 


detector 
of 
Figure 
6. Since 
the 
filter 
capacitor 
is not 


buffered, 
this circuit 
can drive only high impedance 
loads 


such as the input of an LM3916. 


The audio level meter most frequently 
encountered 
is the 


VU meter. 
Its 
characteristics 
are 
defined 
in the 
ANSI 


CI 
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INPUT'" 


Al 


lOOk 
R2 


tOOk 


CI 


0.047.uF 


AUOIO~ 
INPUT~ 


Al 


20k 
A2 


20k 


specification 
C165. The LM3916's outputs 
correspond 
to 


the meter 
indications 
specified 
with 
the omission 
of the 


- 2 VU indication. 
The VU scale 
divisions 
differ 
slightly 


from a linear scale in order to obtain whole numbers 
in dB. 


Some 
of the 
most 
important 
specifications 
for an AC 


meter are its dynamic 
characteristics. 
These define 
how 


the 
meter 
responds 
to 
transients 
and 
how 
fast 
the 


reading 
decays. 
The VU meter 
is a relatively 
slow 
full- 


wave averaging 
type, specified 
to reach 99% 
deflection 


in 300 ms and overshoot 
by 1 to 1.5%. 
In engineering 


terms 
this 
means 
a slightly 
underdamped 
second 
order 
response 
with a resonant 
frequency 
of 2.1 Hz and a Q of 


0.62. Figure 
7 depicts 
a simple 
rectifierlfilter 
circuit 
that 


meets these 
criteria. 
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D1. D2, D3, D4: 1N914 or lN4148 


Attack and decay time to DIN PPM spec. 
Response down 1 dB for 10 ms tone 
burst. Decays 
20 dB in 1.55. 
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A1, A2: 1/2 LF353 


D1, D2: 1N914 or 1N4148 


• Reaches 99% 
level at 300 ms 


after applied tone burst 
and overshoots 
1.2%. 


Peak Program 
Meter 


The 
VU 
meter, 
originally 
intended 
for 
signals 
sent 
via 


telephone 
lines, 
has 
shortcomings 
when 
used 
in high 


fidelity 
systems. 
Due to its slow response 
time, a VU meter 


will 
not accurately 
display 
transients 
that 
can saturate 
a 


magnetic 
tape or drive an amplifier 
into clipping. 
The fast- 
attack 
peak 
program 
meter 
(PPM) 
which 
does 
not have 


this 
problem 
is becoming 
increasingly 
popular. 


While 
several 
European 
organizations 
have specifications 


for peak 
program 
meters, 
the German 
DIN specification 


45406 
is becoming 
a de facto 
standard. 
Rather 
than 
re- 


spond 
instantaneously 
to peak, 
however, 
PPM specifica- 


tions 
require 
a finite 
"integration 
time" 
so that only peaks 


wide 
enough 
to be audible 
are displayed. 
DIN 45406 calls 


for a response 
of 1 dB down 
from 
steady-state 
for a 10 ms 


tone 
burst 
and 4 dB down 
for a 3 ms tone burst. 
These 
re- 


quirements 
are consistent 
with 
the 
other 
frequently 
en- 
countered 
spec of 2 dB down 
for a 5 ms burst 
and are met 
by an attack 
time 
constant 
of 1.7 ms. 


The specified 
return 
time of 1.5s to - 20 dB requires 
a 650 


ms decay 
time 
constant. 
The full-wave 
peak 
detector 
of 


Figure 
6 satisfies 
both the attack 
and decay 
time criteria. 


Cascading 
the LM3916 


The LM3916 by itself 
covers 
the 23 dB range of the conven- 
tional 
VU meter. 
To display 
signals 
of 40 dB 
or 70 dB 


dynamic 
range, 
the LM3916 
may be cascaded 
with 
the 3 


dB/step 
LM3915s. 
Alternatively, 
two 
LM3916s 
may 
be 


cascaded 
for 
increased 
resolution 
over 
a 28 dB 
range. 


Refer to the Extended 
Range 
VU Meter 
and High 
Resolu· 
tion 
VU Meter 
in the Typical 
Applications 
section 
for the 


complete 
circuits 
for both 
dot and bar mode 
displays. 


To obtain 
a display 
that makes 
sense when an LM3915 and 


an LM3916 
are cascaded, 
the 
- 20 dB output 
from 
the 


LM3916 
is dropped. 
The full-scale 
display 
for the LM3915 


is set at 3 dB below 
the LM3916's 
-10 
dB output 
and the 
rest of the thresholds 
continue 
the 3 dB/step 
spacing. 
A 
simple, 
low cost 
approach 
is to set the reference 
voltage 


of the two 
chips 
16 dB apart 
as in Figure 
5. The LM3915, 


with 
pin 8 grounded, 
runs at 1.25V full·scale. 
R1 and R2 set 


the LM3916's 
reference 
16 dB higher 
or 7.89V. Variation 
in 
the 
two 
on-chip 
references 
and 
resistor 
tolerance 
may 


cause 
a ± 1 dB error in the 
-10 
dB to -13 
dB transition. 
If 
this 
is objectionable, 
R2 can be trimmed. 


The drawback 
of the aforementioned 
approach 
is that the 


threshold 
of LED #1 on the LM3915 
is only 
56 mY. Since 
comparator 
offset 
voltage 
may be as high as 10 mY, large 
errors 
can occur 
at the first 
few thresholds. 
A better 
ap- 


proach, 
as shown 
in Figure 
9, is to keep the reference 
the 


same for both drivers 
(10V in the example) 
and amplify 
the 


input 
signal 
by 16 dB ahead 
of the LM3915. 
Alternatively, 
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5 
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7 
8 


RJ 
750 


VREF1 = 1.25V 


7.89V 
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=6.31 = 16dB 


1.25V 
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RHI 
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5 
6 
7 


R4 
50 


R1 + R2 =6.31 


R1 
= 16 dB 


FIGURE 
9. Improved 
Circuit 
for 40 dB Display 
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tenuated 
by 16 dB to drive the LM3915. 


To extend 
this approach 
to get a 70 dB display, 
another 
30 


dB 
of 
amplification 
must 
be placed 
in the 
signal 
path 


ahead 
of the lowest 
LM3915. 
Extreme 
care 
is required 
as 


the lowest 
LM3915 
displays 
input 
signals 
down 
to 2 mY! 


Several 
offset 
nulls may be required. 
High currents 
should 


not share the same path as the low level signal. 
Also power 


line wiring 
should 
be kept away 
from 
signal 
lines. 


TIPS ON REFERENCE 
VOLTAGE 


AND LED CURRENT 
PROGRAMMING 


Single 
Driver 


The 
equations 
in 
Figure 
10 illustrate 
how 
to 
choose 


resistor 
values 
to set reference 
voltage 
for the simple 
case 


where 
no LED intensity 
adjustment 
is required. 
A LED cur- 


rent 
of 10 mA to 20 mA generally 
produces 
adequate 
il- 


lumination. 
Having 
10V 
full-scale 
across 
the 
internal 


voltage 
divider 
gives best accuracy 
by keeping 
signal 
level 


high 
relative 
to the 
offset 
voltage 
of 
the 
internal 
com- 


ALO 
10k TVP 
AHI 
r .JI/\IIr- , 


I 
51G 
I 


S 


12.5V 
Pick R1 = 


'LED- vREFflkn 


Pick R2= _IV_R_E_F_-_1_.2_5_V_I 
_ 


1.25V/Rl 
+0.08 
mA 


least 
10 mA. R1 will 
typically 
be between 
1 kG and 5 kfl. To 


trim 
the reference 
voltage, 
vary R2. 


The circuit 
in Figure 
11 shows 
how to add a LED intensity 


control 
which 
can vary LED current 
from 
5 mA to 28 mA. 


Choosing 
V REF= 5V lowers 
the current 
drawn 
by the lad- 
der, 
increasing 
the 
intensity 
adjustment 
range. 
The 


reference 
adjustment 
has some 
effect 
on LED intensity 


but the reverse 
is not true. 


Multiple 
Drivers 


Figure 
12 shows 
how to obtain 
a common 
reference 
trim 


and intensity 
control 
for two 
drivers. 
The two 
ICs may be 
connected 
in cascade 
or may be handling 
separate 
chan- 


nels for stereo. This technique 
can be extended 
for larger 


numbers 
of drivers 
by varying 
the values 
of R1, R2 and R3. 


Because 
the LM3915 
has a greater 
ladder 
resistance, 
R5 


was picked 
less than 
R7 in such a way as to provide 
equal 


reference 
load currents. 
The ICs' internal 
references 
track 


within 
100 mV so that worst 
case error from 
chip to chip 
is 


only 0.2 dB for V REF= 5V. 
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10k 
TVP 
RHI 
r .JI/\IIr- , 


I 
51G 
I 


S 
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20k 


LEO INTENSITY 


R2 
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R3 
Sk 


REFERENCE 
TRIM 
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22k TVP 
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r..JVV\r-, 


I 
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R7 
2.2k 
Sk 


R3 
3k 


REFERENCE 
R2 


TRIM 
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':" 


FIGURE 
12. 
Independent 
Adjustment 
of Reference 
Voltage 
and LED Intensity 
for MUltiple 
Drivers 


9-202 


The scheme 
in Figure 13 is useful 
when the reference 
and 


LED 
intensity 
must 
be adjusted 
independently 
over 
a 


wide 
range. The RH1 voltage 
can be adjusted 
from 
1.2V to 
10V with 
no effect 
on 
LED 
current. 
Since 
the 
internal 


divider 
here does 
not load down 
the reference, 
minimum 


LED current 
is much 
lower. At the minimum 
recommend- 


ed reference 
load 
of 80 p.A, LED current 
is about 
0.8 mA. 
The resistor 
values 
shown 
give a LED current 
range 
from 


1.5 mA to 25 mA. 


At the 
low 
end 
of the 
intensity 
adjustment, 
the 
voltage 


drop across 
the 5100 current-sharing 
resistors 
is so small 
that chip to chip variation 
in reference 
voltage 
may yield a 


visible 
variation 
in LED intensity. 
The optional 
approach 


shown 
of connecting 
the bottom 
end of the intensity 
con- 
trol 
pot to a negative 
supply 
overcomes 
this 
problem 
by 


allowing 
a larger 
voltage 
drop across 
the (larger) 
current- 


sharing 
resistors. 


For increased 
resolution, 
it's possible 
to obtain 
a display 


with 
a 
smooth 
transition 
between 
LEDs. 
This 
is 
ac- 


complished 
by superimposing 
an AC waveform 
on top of 
the input 
level as shown 
in Figure 14. The signal 
can be a 
triangle, 
sawtooth 
or sine 
wave 
from 
60 Hz to 1 kHz. The 


display 
can be run in either 
dot or bar mode. 
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INTENS~~~ 
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8 
9 
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Rl 
lk 


V+ (12V TO 20VI 


R4 
R3 
330k 
62k 


':" 
':" 


lN4001 


Jt! 


+T 
2 
. 
2 


-40 
-37 
-34 
-31 
-28 
-25 
-22 
-19 
-16 
-13 


LED 
NO.1 


REF 
ADJ 
MODE 
8 
9 


This application 
shows 
that the LED supply 


requires minimal filtering . 


• See Application 
Hints 
for optional 
Peak 
or Average 
Detector. 


t Adjust 
R3 for 3 dB difference 
between 
LED *11 and LED *12 


~ 
=0.158= -16dB 
R3+ R4 


Extended Range VU Meter (Dot Mode) 


01 
02 


Cl 
'1:'2.2 


01,02: 
1N914 or 1N4148 


,..Optional shunts 100 p.A auxiliary 
sink current away from LED N1. 


tSee Application 
Hints for 


optional peak or average detector 
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8 
9 


11/ 
11/ 
III 
III 
lED 
NO.19 


r--------- 
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I 
I 
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I 
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I 
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I 
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I 
~ 
J 
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1k 
I 
I 
I 
I 
I 
I 
I 
I 
I 


0.1 


AUDIO~ 
INPUT. 


R7 thru R15: 10k± 10% 


01,02: 
1N914 or 1N4148 


'* Half-wave peak detector. 


See Application 
Hints. 


'* The input to the Dot-Bar switch 
may be 


taken from cathodes of other LEOs. 
Display will change to bar as soon as the 
LED so selected 
begins 
to light. 


'* '* Optional. Shunts '00 JJAauxiliary 


sink current away from LED N1. 


+Vs 


11ZV TO ZOV) 


INPUT* 


10 VU -IOV, 


5 VU - 17.7BV) 


~ 
,,0.562= -5dB 
R1 +R2 
or R1 "O,788·R2 


REF 
ADJ 
MODE 


8 
9 
Ne 


* Optional shunts 100 ~ 
auxiliary 


sink current away from LED #1. 


tSee 
Application 
Hints for 
optional peak or average detector. 


~ 
",0.562= -5dB 
R1 +R2 


or R1 ,,0.766·R2 


INPurt 


(0 VU = 10V. 
+5 VU = 17.78V) 


~ 
,,0.794= 
-2dB 
R2 + R3 


R2+R3 
,,0.562= 
-5dB 
R1 + R2+ R3 


or R2 = 0.259·R3 
and R1 = 0.979·R3 


REF 
ADJ 
MODE 


9 


Ne 


lED 
NO.10 


10 


The 
LEO 
currents 
are 
approximately 
10 mA, 
and 
LM3916 
outputs 
operate 


in saturation 
for minimum dissipation. 
* This 
point 
is 
partially 
regulated 
and 
decreases 
in voltage 
with temperature. 
Voltage requirements 
of the LM3916 also 
decrease with temperature. 


v' 
(22V TO 
25VI 


+1'22 


REF 
AOJ 
MODE 
8 
9 


Full-scale causes the full 
bar display 
to 
flash. 
If the junction 
of 
R1 and C1 is 
connected to a different 
LED cathode, the 
display will flash when that LED lights, and 
at any higher input signal. 


DIVIDER 
(lOW END) 


SIGNAL INPUT 


DIVIDER 
(HIGH 
END) 


REFERENCE OUTPUT 


15 
lED NO.5 


14 
lED NO.6 


LEO NO.8 


11 lED NO.9 


10 
lED NO. 10 


TOP VIEW 


Order Number 
LM3916J 
See NS Package 
J18A 


Order Number 
LM3916N 
See NS Package 
N18A 


Absolute 
Accuracy: 
The difference 
between 
the observed 
lhreshold 
voltage and the ideal threshold 
voltage 
for each 


comparator. 
Specified 
and tested 
with 10V across 
the in- 


ternal voltage 
divider so that resistor 
ratio matching 
error 
predominates 
over comparator 
offset 
voltage. 


Adjust 
Pin Current: 
Current 
flowing 
out of the reference 
adjust 
pin when 
the reference 
amplifier 
is in the linear 
region. 


Comparator 
Gain: The ratio of the change 
in output 
cur- 


rent (lLEO)to the change 
in input voltage 
(V1N)required 
to 
produce 
it for a comparator 
in the linear region. 


Dropout 
Voltage: 
The voltage 
measured 
at the current 


source outputs 
required 
to make the output 
current fall by 
10%. 


Input Bias Current: 
Current 
flowing 
out of the signal 
input 


when the input buffer 
is in the linear region. 


LED Current 
Regulation: 
The change 
in output 
current 
over the specified 
range of LED supply 
voltage 
(VLEO)as 


measured 
at the 'current 
source 
outputs. 
As the forward 


voltage 
of an LED does 
not change 
significantly 
with 
a 


small 
change 
in forward 
current, 
this 
is equivalent 
to 
changing 
the voltage 
at the 
LED anodes 
by the same 
amount. 


Line Regulation: 
The average change 
in reference 
output 


voltalle 
(VREF)over the specified 
range of supply 
voltage 


(V+). 


Load Regulation: 
The change 
in reference 
output 
voltage 


over the specified 
range of load current 
(IL(REF)' 


Offset 
Voltage: 
The differential 
input voltage 
which 
must 


be applied 
to each comparator 
to bias the output 
in the 
linear 
region. 
Most 
significant 
error 
when 
the 
voltage 
across the internal 
voltage 
divider 
is small. Specified 
and 
tested 
with 
pin 6 voltage 
(VRH1)equal 
to pin 4 voltage 


(VRLO)' 


Relative Accuracy: 
The difference 
between 
any two adja- 


cent 
threshold 
points. 
Specified 
and 
tested 
with 
10V 
across 
the internal 
voltage 
divider 
so that 
resistor 
ratio 
matching 
error 
predominates 
over 
comparator 
offset 
voltage. 


ou: ~ 
National 
::E 
~ 
Semiconductor 


MF10 Universal Monolithic Dual Switched Capacitor Filter 


The MF10 consists 
of 2 independent 
and extremely 
easy to 


use, general 
purpose 
CMOS active 
filter 
building 
blocks. 


Each 
block, 
together 
with 
an external 
clock 
and 3 to 4 


resistors, 
can produce 
various 
2nd order functions. 
Each 
building 
block has 3 output 
pins. One of the outputs 
can be 


configured 
to perform 
either 
an alipass, 
highpass 
or a 
notch 
function; 
the remaining 
2 output 
pins perform 
low- 


pass and bandpass 
functions. 
The center frequency 
of the 


lowpass 
and bandpass 
2nd order functions 
can be either 


directly 
dependent 
on the clock frequency, 
or they can de- 


pend on both clock frequency 
and external 
resistor 
ratios. 
The center frequency 
of the notch and alipass 
functions 
is 


directly 
dependent 
on 
the 
clock 
frequency, 
while 
the 
highpass 
center frequency 
depends 
on both resistor 
ratio 


and clock. 
Up to 4th order functions 
can be performed 
by 


cascading 
the two 2nd order building 
blocks 
of the MF10; 
higher 
than 4th order functions 
can be obtained 
by cas- 
cading 
MF10 packages. 
Any of the classical 
filter 
config- 


urations 
(such 
as 
Butterworth, 
Bessel, 
Cauer 
and 


Chebyshev) 
can be formed. 


• 
Low cost 
• 
20-pin 0.3" wide package 


• 
Easy to use 
• 
Clock to center frequency 
ratio accuracy = 0.6% 


• 
Filter 
cutoff 
frequency 
stability 
directly 
dependent 
on 


external 
clock quality 


• 
Low sensitivity 
to external 
component 
variation 


• 
Separate 
highpass 
(or notch 
or alipass), 
bandpass, 


low pass outputs 


• 
fox Q range up to 200 kHz 


• 
Operation 
up to 30 kHz 


Absolute Maximum Ratings 


Supply 
Voltage 
7V 


Power Dissipation 
500mW 


Operating 
Temperature 
0·Ct070·C 


Storage 
Temperature 
150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical Characteristics 
(Complete 
Filter) 
Vs = ± 5V, TA = 25·C 


I>arameter 
Conditions 
Min 
Typ 
Max 
Units 


Frequency 
Range 
foxQ<200 
kHz 
20 
30 
kHz 


Clock 
to Center 
Frequency 


Ratio, 
fCLKlfo 


MF10BN 
Pin 12 High, Q = 10 
49.94±0.2% 
±0.6% 


MF10CN 
foxQ<50 
kHz, Mode 
1 
49.94±0.2% 
±1.5% 


MF10BN 
Pin 12 at Mid Supplies 
99.35±0.2% 
±0.6% 


MF10CN 
Q = 10, fo x Q< 50 kHz, Mode 
1 
99.35±0.2% 
±1.5% 


Q Accuracy 
(Q Deviation 


from 
an Ideal Continuous 


Filter) 


MF10BN 
Pin 12 High, 
Mode 
1 
±2% 
±4% 


MF10CN 
foxQ<1oo 
kHz, fo<5 
kHz 
±2% 
±6% 


MF10BN 
Pin 12 at Mid Supplies 
±2% 
±3% 


MF10CN 
foxQ<100 
kHz 
±2% 
±6% 


fo<5 
kHz, Mode 
1 


fo Temperature 
Coefficient 
Pin 12 High (-50:1) 
±10 
ppml·C 


Pin 12 Mid Supplies 
(-100:1) 
±100 
ppml·C 


fo x Q< 100 kHz, Mode 1 
External 
Clock 
Temperature 


Independent 


Q Temperature 
Coefficient 
fo x Q< 100 kHz, Q Setting 
±500 
ppml·C 


Resistors 
Temperature 


Independent 


DC Low Pass Gain 
Accuracy 
Mode 
1, R1 = R2 = 10k 
±2 
% 


Crosstalk 
50 
dB 


Clock 
Feedthrough 
10 
mV 


Maximum 
Clock 
Frequency 
1 
1.5 
MHz 


Power 
Supply 
Current 
8 
10 
mA 


Electrical Characteristics 
(Internal 
Op Amps) TA = 25·C 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Supply 
Voltage 
±4 
±5 
V 


Voltage 
SWing (Pins 
1,2,9,20) 
Vs= 
±5V, 
RL=5k 
MF10BN 
±3.8 
±4 
V 
MF10CN 
±3.2 
±3.7 
V 


Voltage 
SWing (Pins 3 and 18) 
Vs= 
±5V, 
RL=3.5k 
MF10BN 
±3.8 
±4 
V 
MF10CN 
±3.2 
±3.7 
V 


Output 
Short 
Circuit 
Current 
Vs= 
±5V 
Source 
3 
Sink 
1.5 
mA 


Op Amp Gain 
BW Product 
2.5 
MHz 


Op Amp Slew 
Rate 
7 
Vlp.s 


plex 
pole 
pai,r. fo is measured 
at the bandpass 
output 
of 
each 
1/2 MF10, and 
it is the frequency 
of the 
bandpass 
peak occurrence 
(Figure 
1). 


0: quality 
factor 
of the 2nd order 
function 
complex 
pole 
pair. a is also 
measured 
at the bandpass 
output 
of each 
1/2 MF10 and it is the ratio of fo over the 
- 3 dB bandwidth 
of the 2nd order bandpass 
filter, 
Figure 
1.The value of a is 
not measured 
at the lowpass 
or highpass 
outputs 
of the 


filter, 
but its value 
relates 
to the possible 
amplitude 
peak- 
ing at the above 
outputs. 


HOBP: the gain 
in (VIV) of the bandpass 
output 
at f = fo. 


HoLP: 
the gain 
in (VIV) of the lowpass 
output 
of each 
1/2 
MF10 at f-O 
Hz, Figure 
2. 


Oz: the quality 
factor 
of the 2nd order 
function 
complex 


zero pair, if any. (az is a parameter 
used when 
an allpass 
output 
is 
sought 
and 
unlike a 
it 
cannot 
be 
directly 


measured). 


Iz: the center 
frequency 
01 the 2nd order function 
complex 


zero pair, if any. If Iz is different 
from fo, and if the az is quite 
high it can be observed 
as a notch 
frequency 
at theallpass 
output. 


'notch: 
the 
notch 
frequency 
observed 
at 
the 
notch 
output(s) 
of the MF10. 


HON1: the notch 
output 
gain as f-O 
Hz. 


HON2: the notch 
output 
gain as f-fcLK/2. 
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TOP VIEW 


Order 
Number 
MF10CN 
or MF10BN 


These 
are the low pass, 
bandpass, 
notch 
or all pass or highpass 
out- 
puts 
of each 2nd order 
section. 
The 
LP and BP outputs 
can sink typi- 
cally 
1 mA and source 
3 mA. The 
N/AP/HP 
output 
can typically 
sink 
and source 
1.5 mA and 3 mA, 
respectively. 


This 
is the inverting 
input 
of the summing 
op amp of each 
filter. 
The pin has static 
discharge 
protection. 


S1 is a signal 
input 
pin used in the 
all pass filter 
configurations 
(see 
modes 
of operation 
4 and 5). The 
pin should 
be driven 
with 
a source 
impedance 
of less than 
1 kn. 


It activates 
a switch 
connecting 
one of the inputs 
of the filter's 
2nd 
summer 
either 
to analog 
ground 
(SA/S low to VA) or to the lowpass 
output 
of the circuit 
(SAIS high to 
V:'). This allows 
flexibility 
in the 
various 
modes 
of operation 
of the 
IC. SA/S is protected 
against 
static 
discharge. 


Analog 
positive 
supply 
and digital 
positive 
supply. 
These 
pins are in- 
ternally 
connected 
through 
the Ie 
substrate 
and therefore 
V:. and Vb 
should 
be derived 
from 
the same 
power 
supply 
source. 
They have 
been brought 
out separately 
so 
they can be bypassed 
by separate 


capacitors, 
if desired. 
They can be 
externally 
tied together 
and 
bypassed 
by a single 
capacitor. 


Analog 
and digital 
negative 
supply 


respectixely. 
Th~ same 
comments 


as for VA and VD apply 
here. 


Level shift 
pin; it accommodates 
various 
clock 
levels 
with 
dual 
or 
single 
supply 
operation. 
With 
dual 
± 5V supplies, 
the MF10 can be 


driven 
with 
CMOS 
clock 
levels 
(± 5V) and the L Sh pin should 
be 


tied either 
to the system 
ground 
or 


to the negative 
supply 
pin. If the 


same 
supplies 
as above 
are used 


but T2L clock 
levels, 
derived 
from 
OV to 5V supply, 
are only 
available, 


the L Sh pin should 
be tied to the 


system 
ground. 
For single 
supply 


operation 
(OV and 10V) the vr;, VA 


pins should 
be connected 
to the 


system 
ground, 
the AGND 
pin 
should 
be biased 
at 5V and the L 
Sh pin should 
also 
be tied to the 


system 
ground. 
This will 
accom- 
modate 
both CMOS 
and T2L clock 


levels. 


Clock 
inputs 
for each 
switched 
capacitor 
filter 
building 
block. 
They 


should 
both 
be of the same 
level 


(T2L or CMOS). The level shift 
(L Sh) 


pin description 
discusses 
how to 


accommodate 
their 
levels. 
The duty 


cycle 
of the clock 
should 
preferably 


be close 
to 50% especially 
when 
clock 
frequencies 
above 200 kHz 


are used. This allows 
the maximum 
time 
for the op amps 
to settle 


which 
yields 
optimum 
filter 
operation. 


By tying 
the pin high a 50:1 ciock 
to 
filter 
center 
frequency 
operation 
is 


obtained. 
Tying the pin at mid sup- 


plies 
(i.e., analog 
ground 
with 
dual 


supplies) 
allows 
the filter 
to oper- 


ate at a 100:1 clock 
to center 
fre- 


quency 
ratio. 
When 
the pin is tied 
low, a simple 
current 
limiting 
cir- 
cuitry 
is triggered 
to limit 
the 
overall 
supply 
current 
down 
to 


about 
2.5 mA. The filtering 
action 
is 


then aborted. 


Analog 
ground 
pin; it should 
be 


connected 
to the system 
ground 
for dual supply 
operation 
or biased 
at mid supply 
for single 
supply 


operation. 
The positive 
inputs 
of 


the filter 
op amps 
are connected 
to 


the AGND 
pin so "ciean" 
ground 
is 


mandatory. 
The AGND 
pin is pro- 


tected 
against 
static 
discharge. 


The MF10 is a switched 
capacitor 
(sampled 
data} filter. To 
fully 
describe 
its transfer 
functions, 
a time 
domain 
ap- 
proach will be appropriate. 
Since this may appear cumber- 
some 
and, 
since 
the 
MF10 closely 
approximates 
con- 
tinuous 
filters, 
the following 
discussion 
is based on the 
well known 
frequency 
domain. 
The following 
illustrations 
refer to 1/2 of the MF10; the other 
1/2 is identical. 
Each 
MF10 can produce 
a full 2nd order function, 
so up to 4th 
order 
functions 
can 
be performed 
by using 
cascading 
techniques. 


= quality 
factor 
of the complex 
pole pair. 


BW 
= the 
- 3 dB bandwidth 
of the bandpass 
output. 


Circuit 
dynamics: 


Hosp 
HOLP= aOrHosp=HOLPxQ=HoNxQ. 


HOLP(peak)= Q x HOLP(for high Q's) 


The above expressions 
are important. 
They deter- 
mine the swing 
at each output 
as a function 
of 
the desired 
Q of the 2nd order function. 
MODE 1: Notch 1, Bandpass, 
Lowpass Outputs: fnotch= fo 
(See Figure 4) 


fo 
= center 
frequency 
of the complex 
pole pair 


fCLK 
fCLK 
100 or 50 
'CLK 
fCLK 
=100 or 50 
fnotch 
= center 
frequency 
of the imaginary 
zero pair= 
fo· 


HOLP = Lowpass 
gain (as f-O) 
= - ~ 


Hosp 
= Bandpass 
gain (at f = fol = - ~ 


= Notch output 
gain as} 
f-O 
- ~ 


f-fcLK/2 


R3 
R2 


HOLP = 1; HOLP(peakl",Q x HoLP(for 
high Q's} 


R3 
HOPS1= - R2 


HOSP2= 1 (non·inverting) 


Circuit 
dynamics: 
HOSP1= Q 


Modes of Operation (Continued) 


MODE 2: Notch 2, Bandpass, 
Lowpass: 
Inotch< 10 


(See Figure 
6) 


10 
= center Irequency 


IClKVBJ:+ 
1 or IClKy 
BJ: + 1 


100 
R4 
50 
R4 


IClK 
IClK 
Inatch = 100 or 50 


a 
= quality 
lac tor 01 the complex 
pole pair 


MODE 3: Highpass, 
Bandpass, 
Lowpass 
Outputs 
(See Figure 
7) 


IClK ,fRi 
IClK ,!R2 
=16Oxy 
R4 or50x 
Y R4 


a 
= quality 
lactor 
01 the complex 
pole pair 


'~x~ 
V R4 
R2 


HOHP = Highpass 
gain 
(as 1- IClK) 
= _ BJ: 
\ 
2 
R1 


Hosp 
= Bandpass 
gain (at 1= lal = - ~ 


HOlP 
= Lowpass 
gain (as 1-0) = - ~ 


Circuit 
dynamics: 
~ 
= ~~::; 
Hosp = .JHOHPX HOlP X a 


HOlP(peak)= a x HOlP(lor 
high a's) 


HoHP (peak)~a x HOHP(lor high a's) 


£R2/R4+1 
R2/R3 


HolP 
= Lowpass 
output 
gain (as 1-0) 


R2/R1 
R2/R4+ 
1 


Hosp 
= Bandpass 
output 
gain (at 1= 10)= - R3/R1 


HON1 = Notch output 
gain (as 1-0) 


R2/R1 
R2/R4+ 
1 


HON2 = Notch output 
gain 
(as I-~) 
= - R2/R1 


Filter 
dynamics: 
Hosp = a"HOlP 
HON2= a "HON1 HON2 


R4 


Rl 
V,. 


8A1. 


~6 


v+ 


ee" 
r ·H· I 


R4 


HP. 
81. 


-In Mode 3, the feedback loop is closed around the input 


summing amplifier; the finiteGBW 
product of thisopamp 
causes a slight a enhancement. 
If this is a problem, 
con· 


nect a small capacitor(10 
pF-100 pF) across R4 to provide 
some phase lead. 


IClK ,!R2 
IClK' 
fR2 
= 100 x V R4 or 50 x V R4 


=' fBix ~ 
V R4 
R2 


R2 
= -Ff1 


R3 


-Ff1 


R4 
= -Ff1 


IClK, [R; 
IClK. [R; 
= notch Irequency 
= 100 V R; or 50 V R; 


= gain 01 notch at 1= 10= IIQ (~HOlP 
- ~HOHP) II 


. 
R 
= gain 01 notch (as 1-0) 
= ~ 
X HOlP 


= gain 01 notch 
(as 1- IC~K) 
= - ~ 
X HOHP 


Qz = quality 
lactor 
01 complex 
zero pair = ~ 


For AP output 
make R1 = R2 


HOAP =Allpassgain 
(atO<f<lc2lK) 
=-~=-1 


HOlP 
= Lowpass 
gain (as 1-0) 


-(~+1)=-2 


Hosp 
= Bandpass 
gain (at I = lel 


-~ 
(1+B?) 
=-2 
(~) 
R2 
R1 
R2 


Circuit 
dynamics: 
Hosp = (HOlP) X Q = (HoAP + 1) Q 


*Due to the sampled data nature of the tilter, a slight mismatch of fz and 


fa occurs 
causing 
a 0.4 dB peaking 
around 
fa of the allpass 
filter 
amplitude response(which 
theoretically 
should be a straight line).lf this 


is unacceptable, 
Mode 5 is recommended. 


I; = centerlrequency 
01the complex 
zero pair = 10 


.!.9. R3. 


BW 
R2' 


FIGURE 
9. 
MODE 4 
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Modes of Operation (Continued) 


MODE 5: 
Numerator 
Complex 
Zeros, 
BP, LP 


(See Figure 
10) 


,~ 
fCLK 
,~ 
fCLK 


= V 1 + R4 x 100 or V 1 + R4 x 50 
,r:R1 
fCLK 
,r:-R1 
fCLK 
= V 1 - R4 x 100 or V 1 - R4 x 50 


='h+R2/R4X~ 


= cutoff 
frequency 
of LP or HP output 


R2 fCLK 
R2 fCLK 


R3 100 or R3 50 


R3 
-R'j 


R2 
HOHP 
= - R'j 


az 
='h-R1/R4X~ 


- 
. 
C 
(f 
_ R2(R4-R1) 
- gain at 
.z output 
as 
-0 
Hz) - 
R1 (R2 + R4) 


= gain at C.z output 
(as f- fCt) 
= ~ 


MODE 6b: 
Single 
Pole LP Filter 
(Inverting 
and 
Non-Inverting) 
(See Figure 
12) 


fe 
= cutoff 
frequency 
of LP outputs 


R2 fCLK 
R2 fCLK 
- 
R3 100 or R3 50 
(~+1) x~ 
R1 
R2 


( 
R2+ 
R1) 
x ~ 


R2+ 
R4 
R1 


HOLP1 
= 1 (non-inverting) 


R3 


HOLP2 = - R2 


FIGURE 
12. MODE 6b 
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Applications Information 
1.0 
_I 
11111111 


HOW TO USE THE ICLKJlo RATIO SPECIFICATION 
- 
IClK=49 
94 •....•. 
-, 
. 


The MF10 
is a switched 
capacitor 
filter 
designed 
to ap· 


_ 
0 
~ 
0.0 
proximate 
the response 
of a 2nd order state 
variable 
filter. 
When 
the sampling 
frequency 
is much 
larger than the fre- 
"$. 
quency 
band of interest, 
the sampled 
data filter 
is a good 
z 
approximation 
to its 
continuous 
time 
equivalent. 
In the 
0 
-1.0 
I 


case 
of the MF10, this 
ratio 
is about 
50:1 or 100:1. Never- 
~ 
theless 
the 
filter's 
response 
must 
be examined 
in the 
:; 
I 
- 
w 
I 
z-domain 
in order to obtain 
the actual 
response. 
It can be 
c 
- 
I 
shown 
that 
the clock 
frequency 
to center 
frequency 
ratio, 
- 


fCLK/fo and the quality 
factor, 
0, deviate 
from 
their 
ideal 
-2.0 
-- 
values 
determined 
in the continuous 
time 
domain. 
These 
- 
deviations 
are shown 
graphically 
in Figures 
13 and 14. The 
- 
ratio, 
fCLKJlo, is a function 
of the ideal 
a and the largest 
- 
errors 
occur 
for the lowest 
values 
of O. 
-3.0 
- 


The curve 
for the fCLKlfo ratio versus 
the ideal a has been 
0.1 
1.0 
10 
100 


normalized 
for a a of 10 which 
is the a value 
used for the 
IDEALa 
fCLK/lo ratio 
testing 
of the MF10. At this 
point 
the fCLKlfo 
ratio 
is 49.94 in the 50:1 mode and 99.35 in the 100:1 mode. 
FIGURE 
14 


These 
values 
are within 
a maximum 
tolerance 
of ± 0.6% 
A SIMPLE 
AND 
INFORMATIVE 
FILTER DESIGN 
USING 
(MF10B) 
and 
± 1.5% (MF10C). The above 
tolerances 
hold 
THE MF10 
for 
the 
entire 
range 
of 
a's; 
in other 
words, 
at 50:1, an 
MF10B 
has a ratio 
of 49.94 ± 0.6% 
(0 = 10) and this 
ratio 
Example 
1: Design 
a 4th order 
2 kHz low pass 
maximally 
becomes 
(49.44 ± 0.6%) 
at 0=2.1. 
If these 
small 
errors 
flat (Butterworth 
filter). 
The overall 
gain of the 
cannot 
be tolerated, 
the clock 
frequency 
or the resistor's 
filter 
is desired 
to be equal 
to lVlV. 


ratio, 
in Mode 3 and Mode 2, can be adjusted 
accordingly. 
The4th 
order filter 
can be built 
by cascading 
two 2nd order 
0.5 
I1I1II1 
sections 
of (fo, Q) equal 
to: a = 0.541,10 = 2 kHz, a = 1.306, 


fClK=993S" 


fo=2 
kHz. 
- 
Due to the low a values 
of the filter, 
the dynamics 
of the 
- 
'0 
. 
circuit 
are very good. Any of the modes 
of operation 
can be 
" 


used but Mode 
la 
is the most 
simple: 
0.0 


IN-1 
H 
~ 
OUT 


"$. 
0=0.541 
0=1.306 
z 
1,=2 kHz 
1,=2 kHz 
0 
~ 
1/2 MF10 
1/2 MF10 
:; 
MODE1. 
MODE1. 
w 
II 
R3/R2=0.541 
R3/R2=1.3D6 
c 
-0.5 
FIGURE 
15 


J 
Since 
for 
the 
first 
section 
the 
smallest 
resistor 
is R3, 


J 
choose 
R3>5k. 
Assume 
R3 = 10k then R2 = 18.48k. Forthe 
second 
section 
choose 
R2 = 10k and 
then 
R3 = 13.06k. 
Both clock 
input 
pins (10, 11) can be tied together 
and then 


-1.0 
driven with a single 
external 
clock. 
If the approximate 
ratio 


0.1 
1.0 
10 
100 
fCLK/l00 
is chosen 
(pin 12 is grounded), 
then with a200 kHz 
clock, 
the cutoff 
frequency, 
fe, will 
be at 2 kHz with a 1.5% 


IDEALa 
maximum 
error. 


FIGURE 
13 
The filter 
schematic 
is shown 
in Figure 
16. 


~ 
v· 
~ 


VOUT- 


120 


R; 
R, 


15 Ei13 
t- 


19 
lB 
17 
16 
12 
LP, 
BP, N/AP/ INV, 
51, 
AGNO v. 
Vii 50/100/CLK, 
HPe 
CL 


MF10 


N/AP/ 
vt 
vO> 
LP. 
BP. 
HP. 
INV. 
51. 
5." 
L5h CLK. 


-.Jl 
2 
3 
4 
r 


6 
1 
7 
B~ 
L 
R3 
R2 
}+ 
V,. 
TZLCLK 
200kHz 


FIGURE 
16. 4th Order, 2 kHz Lowpass 
Bullerworth 
Filter 


Applications Information 
(Continued) 


With 
a ± 5V supply, 
each output 
node of the IC (pins 1,2,3, 


18,19,20) 
will 
swing 
to ± 3.8V (MF10B) or ± 3.2V (MF10C). 


The maximum 
gain of 1.306 occurs 
at pir119 at fo= 2 kHz. 


The input voltage 
amplitude 
should 
be limited 
to less thim 
7.6 Vp·p/1.306=5.8 
Vp-p. If the a of 1.306 section 
of the 
MF10 precedes 
the a of 0.541 section, 
the maximum 
gain 
is at pin 1. This gain can be calculated 
from the expression 
for Hop given 
in Definition 
of Terms, 
and equals 
1.41. 


Getting 
Optimum 
Cutoff 
Frequency, 
fco Accuracy 
(if needed): 


In the previous 
example, 
an approximate 
100:1 ratio 
was 
assumed. 
The true 
fCLKlfo ratio 
should 
be read from 
the 
curves, 
Figures 
13 and 14. At 100:1 the normalized 
ratio 
to 
a = 10 is: fCLKlfo= 
99.35. 
For a's 
of 0.541 and 
1.306 this 
ratio 
becomes 
99.35-0.75% 
=98.6. 
For 
a 2 kHz 
fe, the 
clock 
frequency 
should 
be 2 kHz x 98.6 = 197.2 kHz. 


With 
an MF10B and a 197.2 kHz clock, 
the maximum 
error 
on the2 
kHz cutoff 
frequency 
is ± 0.6% as indicated 
in the 
specs. 


If only 
a 200 kHz is available 
in Mode 
1a, the true value 
of fe and 
its 
maximum 
error 
is: 200 kHz/(98.6 
± 0.6%) = 
2028:+:0.6%. 


If only 
a 200 kHz is available 
and there 
is need for a tight 
tolerance 
cutoff 
frequency, 
then Mode 3 should 
be used in- 
stead 
of Mode 
1a. The resistor 
ratios 
are: 


1st Section, 
Q = 0.541 


R2/R4 = 0.972 


R3/R2 = 0.548 


R4/R1 = 1 


2nd Section, 
Q = 1.306 


R2/R4 = 0.972 


R3/R2 = 1.324 


R4/R1 =1 


MF10 OFFSETS 


The 
switched 
capacitor 
integrators 
of 
the 
MF10 
have 
higher 
equivalent 
input 
offset 
than 
the 
typical 
R,C 
in- 


tegrator 
of 
a 
discrete 
active 
filter. 
These 
offsets 
are 


created 
by a parasitic 
charge 
injection 
from 
the switches 
into the integrating 
capacitors; 
they are temperature 
and 
clock 
frequency 
independent 
and their sign is shown 
to be 
consistent 
from 
part 
to 
part. 
The 
input 
offsets 
of 
the 
CMOS 
op amps 
also 
add 
to the overall 
offset, 
but 
their 
contribution 
is very small. 
Figure 
17 shows 
an equivalent 
circuit 
from 
where 
output 
DC offsets 
can be calculated. 


VOS1 
=0 
mV to 
±10 
mV 


VOS2 
= charge 
injected 
offset 
plus op amp offset 
= -120 
mV to -170 
mV (at 50:1) 


VOS3 
= charge 
injected 
offset 
plus op amp offset 
= 100 mV to 150 mV (at 50:1) 


The VOS2and VOS3numbers 
approximately 
double 
at 100:1. 


Output 
Offsets 


The DC offset 
at the BP output(s) 
of the MF10 is equal 
to 


the 
input 
offset 
of 
the 
lowpass 
switched 
capacitor 
in- 
tegrator, 
VOS3. 


The 
DC offsets 
at 
the 
remaining 
outputs 
are 
roughly 
dependent 
upon the mode of operation 
and resistor 
ratios. 


Mode 1 and Mode 4 


VOS(N) 
=VOS1 
(-6-+1+ 
IIHOLPII)_V~S3 


VOS(BP) 
= VOS3 


VOS(LP) 
= VOS(N)- VOS2 


VOS(BP) 


VOS(LPj 


Mode 3 


VOS1HP) 


VOSIBP) 


Vos(N.INV.BP) 


Vos(INV.BP) 


Vos(LP) 


1 


1 + R4/R2 


Rp= R1/1R2/1R4 


VOSJ 


Q.•h +R2/R4 


=VoSJ 


= VOS(N)- Vos2 


= VOS2 


= VOS3 


~~ 
(~VOS3 
+ VOS2) 
+ 


R4 
( 
R2) 
R2 
1 + Rp 
Vos1; Rp= 
RlIIR3/1R4 


VOS3 


VOS1-a 


= VOS3 


= Vos(N.INV.BP) 
- VOS2 


to the lilter. 
For instance, 
il the BP output 
is used and it is 
AC 
coupled, 
the 
remaining 
two 
outputs 
should 
not 
be 
allowed 
to saturate. 
II so, gain 
nonlinearities 
and 
10, Q 
errors will occur. For Mode 3 01operation 
a word 01caution 
is necessary: 
by allowing 
small 
R2/R4 ratios 
and high Q, 


the LP output 
will exhibit 
a couple 01volts 01 DC offset 
and 
an offset 
adjustment 
should 
be made. 


An extreme 
example: 
Design 
a 1.76 kHz BP lilter 
with a Q 01 
21 and a gain equal 
to unity. The MF10 will be driven 
with a 
250 kHz clock, 
and it will 
be switched 
50:1. 


Resistor 
values:~ 
= I;:K x 50 = 0.352; ~ 
= 0.124 


Since 
R3/R2 
is 
the 
highest 
resistor 
ratio, 
start 
with 
R2 = 10k, then 
R3 = 600k, 
R1== 600k, 
R4 = 80k. Assuming 
VOS1= 2 mV, VOS2= -150 
mV, VOSJ= 150 mV, the DC offset 
at the LP output 
is VOS(LP)= + 1.2V. The offset 
adjustment 
will bedone 
by injecting 
a small 
amount 
01 current 
into the 
inverting 
input 
01 the 
lirst 
op amp, 
Figure 18. This 
will 
change 
the effective 
Vos1, but the output 
DC offset 
01 the 
HP and BP will 
remain 
unchanged. 


~National 
~ 
Semiconductor 


TP5116A, TP5117A, TP5156A Monolithic CODECs 


The TP5116A, TP5117A and TP5156A are monolithic 
PCM 


CODECs 
implemented 
with 
double-poly 
CMOS 
tech- 


nology. 
The TP5116A and TP5117A are intended 
for wlaw 


applications 
and the TP5156A is for A-law applications. 
The TP5117A has a D3 compatible 
format 
for line card 


compatibility 
with the TP5156A. 


Each device 
contains 
separate 
D/A and AID circuitry, 
all 


necessary 
sample 
and 
hold 
capacitors, 
and 
internal 


auto-zero 
circuits. 
Each device also contains 
a precision 


internal 
voltage 
reference, 
eliminating 
the 
need for an 


external 
reference. 
There are no internal 
connections 
to 


pins 15 or 16, making 
them directly 
interchangeable 
with 


CODECs 
using 
external 
reference 
components. 


All 
devices 
are 
intended 
to 
be used 
with 
the 
TP3040 


monolithic 
PCM 
filter 
which 
provides 
the 
input 
anti- 


aliasi ng function 
for the encoder and smooths 
the output 


of the decoder 
and corrects 
for the sin xix distortion 
in- 


troduced 
by the decoder 
sample 
and hold output. 


Features 


• 
Low operation 
power-50 
mW typical 


• 
± 5V operation 


• 
TTL compatible 
digital 
interface 


• 
Internal 
precision 
reference 
on TP5116A, TP5117A and 


TP5156A 


• 
Internal 
sample 
and hold capacitors 


• 
Internal 
auto-zero circuit 


• 
TP5116A-wlaw 
coding 
(sign 
plus 
magnitude 
format) 


• 
TP5117A-wlaw, 
D3 compatible 
format 


• 
TP5156A-A-law 
coding 


• 
Synchronous 
or asynchronous 
operation 


XMIT SYNC 


MASTER 
CLOCK 


Rev 
CLOCK 


Ne 


MASTER CLOCK 
5 


14 
ANALOG 
GROUND 


13 
ANALOG OUTPUT 


12 OIGITAllNPUT 


11 
DIGITAL 
GROUND 


lD 
Rev ClOCK 


9 
Rev SYNC 


Absolute Maximum Ratings 


Operating 
Temperature 
- 25·C to + 125·C 


Storage 
Temperature 
-65·Cto 
+150·C 


V + with Respect 
to DIGITAL GROUND 
7V 


V + with Respect 
to V- 
14V 


V - 
with 
Respect 
to DIGITAL 
GROUND 
-7V 


Voltage 
at Any Input or Output 
V- 
-0.3VtoV+ 
+0.3V 


DC Electrical Characteristics 
Unless 
otherwise 
noted 
TA=O·C 
to 70·C, 
V+ 
=5.0V 
±5%, 
V- 
= -5.0V 
±5%. 
Typical 
characteristics 
are specified 
at 


V + = 5.0V, V - 
= - 5.0V and TA= 25·C. All digital 
signals 
are referenced 
to DIGITAL 
GROUND. 
All analog 
signals 
are refer· 


enced 
to ANALOG 
GROUND. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


DIGITAL 
INTERFACE 


II 
Input 
Current 
OV<VIN<V+ 
-10 
10 
p.A 


V1L 
Input 
Low Voltage 
0.6 
V 


VIH 
Input 
High Voltage 
2.2 
V 


VOL 
Output 
Low Voltage 
IOL=3.2 
mA 
0.4 
V 


VOH 
Output 
High Voltage 
IOH=6 
mA 
2.4 
V 


ANALOG 
INTERFACE 


21 
Analog 
Input 
Impedance 
Resistance 
in Series 
with 
2 
kO 


when 
Sampling 
Approximately 
70 pF 


20 
Output 
Impedance 
at Analog 
10 
20 
0 


Output 


IIN 
Analog 
Input 
Bias Current 
V1N=OV 
-0.1 
0.1 
p.A 


R1 x C1 
DC Blocking 
Time 
Constant 
4.0 
ms 


C1 
DC Blocking 
Capacitor 
0.1 
p.F 


R1 
Input 
Bias 
Resistor 
50 
kO 


POWER 
DISSIPATION 


ICC1 
Operating 
Current, 
Vcc 
3.5 
7.0 
mA 


IBB1 
Operating 
Current, 
VBB 
3.5 
7.0 
mA 


AC Electrical Characteristics 


Unless 
otherwise 
noted, 
the analog 
input 
is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL 
INPUT is a PCM bit stream 
generated 


by passing 
a 0 dBmO, 1.02 kHz sine wave through 
an ideal 
encoder. 
All output 
levels 
are sin xix corrected. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Absolute 
Level 
The nominal 
0 dBmO levels 
for 


the TP5116A and TP5117A are 


1.227 Vrms 
and 1.231 Vrms 
for 


the TP5156A. 
The resulting 


nominal 
overload 
level is 2.5V 


peak for all devices. 
All gain 


measurements 
for the encode 


and decode 
portions 
of the 


devices 
are based 
on these 


nominal 
levels 
after 
the 


necessary 
sin xix corrections 
are 


made. 


GRA 
Receive 
Gain, 
Absolute 
TA=25·C, 
V+ 
=5V, 
V- 
= -5V 
-0.1 
0.1 
dB 


GRAT 
Absolute 
Receive 
Gain 
TA= O·C to 70·C 
-0.05 
0.05 
dB 
Variation 
with 
Temperature 


GRAV 
Absolute 
Receive 
Gain 
V+ 
=5V 
±5%, 
V 
= -5V±5% 
-0.07 
0.07 
dB 
Variation 
with 
Supply 
Voltage 


AC Electrical Characteristics 
(Continued) 


Unless 
otherwise 
noted, 
the analog 
input 
is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL 
INPUT is a PCM bit stream 
generated 
by passing 
a 0 dBmO, 1.02 kHz sine wave through 
an ideal 
encoder. 
All output 
levels 
are sin xix corrected. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


GXA 
Transmit 
Gain, 
Absolute 
TA=25'C, 
V+ 
=5V, 
V- 
= -5V 
-0.1 
0.1 
dB 


GXAT 
Absolute 
Transmit 
Gain 
TA=0'Ct070'C 
-0.05 
0.05 
dB 


Variation 
with 
Temperature 


GXAV 
Absolute 
Transmit 
Gain 
V+ 
=5V 
±5%, 
V 
= -5V 
±5% 
-0.07 
0.07 
dB 


Variation 
with 
Supply 
Voltage 


GRAL 
Absolute 
Receive 
Gain 
CCITT 
Method 
2 Relative 
to 


Variation 
with 
Level 
-10 
dBmO 
o dBmO to 3 dBmO 
-0.3 
0.3 
dB 


- 40 dBmO to 0 dBmO 
-0.2 
0.2 
dB 


- 50 dBmO to 
- 40 dBmO 
-0.4 
0.4 
dB 


- 55 dBmO to 
- 50 dBmO 
-1.0 
1.0 
dB 


GXAL 
Absolute 
Transmit 
Gain 
CCITT 
Method 
2 Relative 
to 


Variation 
with 
Level 
-10 
dBmO 
o dBmO to 3 dBmO 
-0.3 
0.3 
dB 


- 40 dBmO to 0 dBmO 
-0.2 
0.2 
dB 


- 50 dBmO to 
- 40 dBmO 
-0.4 
0.4 
dB 


- 55 dBmO to 
- 50 dBmO 
-1.0 
1.0 
dB 


SIDR 
Receive 
Signal 
to Distortion 
Sinusoidal 
Test 
Method 
Input 


Ratio 
Level 


- 30 dBmO to 0 dBmO 
35 
dBc 


-40 
dBmO 
29 
dBc 


-45 
dBmO 
25 
dBc 


S/Dx 
Transmit 
Signal 
to Distortion 
Sinusoidal 
Test 
Method 
Input 


Ratio 
Level 


- 30 dBmO to 0 dBmO 
35 
dBc 


-40 
dBmO 
29 
dBc 


-45 
dBmO 
25 
dBc 


NR 
Receive 
Idle Channel 
Noise 
DR = Steady 
State 
PCM Code 
0 
dBrncO 


Nx 
Transmit 
Idle Channel 
Noise 
TP5116A, TP5117A, VFx=OV 
13 
dBrncO 


(No Signaling) 


TP5156A, 
VFx = OV 
-67 
dBmOp 


HDR 
Receive 
Harmonic 
Distortion 
2nd or 3rd Harmonic 
-47 
dB 


HDx 
Transmit 
Harmonic 
Distortion 
2nd or 3rd Harmonic 
-47 
dB 


PPSRx 
Positive 
Power 
Supply 
Input 
Level =OV, Vcc=5.0 
VDC 
50 
dB 
Rejection, 
Transmit 
+ 20 mVrms, 
1= 1.02 kHz 
- 
PPSRR 
Positive 
Power 
Supply 
DR = Steady 
PCM Code, 
40 
dB 
Rejection, 
Receive 
Vcc = 5.0 V DC+ 20 mVrms, 
1= 1.02 kHz 


NPSRx 
Negative 
Power 
Supply 
Input 
Level = OV, Vss= 
- 5.0 VDC 
50 
dB 
Rejection, 
Transmit 
+20 
mVrms, 
1=1.02 
kHz 


NPSRR 
Negative 
Power 
Supply 
DR= Steady 
PCM Code, 
45 
dB 
Rejection, 
Receive 
Vss= 
-5.0 
VDc+20 
mVrms, 
1=1.02 
kHz 


CTxR 
Transmit 
to Receive 
Crosstalk 
DR = Steady 
PCM Code 
-75 
dB 


CTRX 
Receive 
to Transmit 
Crosstalk 
Transmit 
Input 
Level = OV 
-70 
dB 


•••• 
FM 
MASTER 
CLOCK 
Frequency 
1.5 
2.048 
2.1 
MHz 


~ 
Fx• FR 
XMIT. RCV CLOCK 
Frequency 
0.064 
2.048 
2.1 
MHz 


~ 
PWCLK 
Clock 
Pulse Width 
MASTER, 
XMIT, RCV CLOCKS 
150 
ns 
~II) 
tRC. tFC 
Clock 
Rise and Fall Time 
MASTER, 
XMIT, RCV CLOCKS 
50 
ns 
Q. 


tRS. tFS 
Sync 
Pulse Rise and Fall Time 
RCV, XMIT SYNC 
50 
ns 


••••<i 
tRCS• txcs 
Clock 
to Sync Delay 
RCV, XMIT 
0 
ns 


(&) 
txss 
XMIT SYNC 
Set-Up Time 
150 
ns 


~ 
tXDD 
XMIT Data Delay 
Load = 100 pF + 2 LSTTL Loads 
200 
ns 
~II) 
tXDP 
XMIT Data Present 
Load = 100 pF + 2 LSTTL Loads 
200 
ns 
Q. 


tXDT 
XMIT Data TRI·STATE' 
150 
•••• 


ns 


tSRC 
RCV CLOCK 
to RCV SYNC Delay 
0 
ns 


tRDS 
RCV Data Set·Up Time 
0 
ns 


tRSS 
RCV SYNC Set·Up Time 
150 
ns 


tRDH 
RCV Data Hold Time 
100 
ns 


tXSL 
XMIT SYNC Low Time 
64 kHz Operation 
300 
ns 


tRSL 
RCV SYNC Low Time 
64 kHz Operation 
17 
(Note 
1) 


Note 1: ReV SYNC must remain low for 17 cycles of MASTER CLOCK. 


Timing Waveforms 
72 kHz or Greater 
Operation 


XMIT 
ClOCI< 


XMIT 
SYNC 


IXDr 


DIGITAL 


OUTPUT 


",v 
CLOCK 


",v 
SYNC 


ANALOG 
INPUT to the en· 
coder. 
This 
signal 
will 
be 
sampled 
at the end of the 
encoder 
time 
slot 
and the 
resulting 
PCM code will be 
shifted 
out 
during 
the 
subsequent 
encode 
time 
slot. 


5V (± 5%) input. 


- 5V (± 5%) input. 


Unused. 


MASTER 
CLOCK 
input 
used 
to operate 
the 
inter· 
nal 
encode 
and 
decode 
sequencers. 
Should 
be 
1.536 MHz, 
1.544 MHz 
or 
2.048 MHz. 


Encoder 
frame sync pulse. 
Normally 
occurring 
at an 
8 kHz 
rate, 
this 
pulse 
is 
nominally 
eight 
XMIT 
CLOCK cycles 
wide. 


Transmit 
bit 
clock 
input 
used 
to 
shift 
out 
the 
PCM 
data 
on 
DIGITAL 
OUTPUT. 
May 
operate 
from 64 kHz to 2.048 MHz. 
May be asynchronous 
with 
RCVCLOCK. 


Serial 
PCM 
TRI·STATE'" 


output 
from 
encoder. 
Dur· 
ing the encoder 
time 
slot, 


the PCM code for the previ- 
ous 
sample 
of 
ANALOG 
INPUT Is shifted 
out, most 
significant 
bit first, 
on the 
rising 
edge 
of 
XMIT 


CLOCK. 


2 
V+ 
3 
V- 


4 
NC 


5 
MASTER CLOCK 


Approximately 
41's after the rising edge of the XMIT SYNC 


pulse, 
the 
voltage 
present 
on 
the 
ANALOG 
INPUT 
is 


sampled 
and the process 
of encoding 
that sample 
into a 
PCM code Is begun. Simultaneously, 
the 8·bit PCM code 


corresponding 
to the previous 
sample 
is shifted 
out of the 
DIGITAL OUTPUT, MSB first, on the rising edge of the next 
eight cycies of the XMIT CLOCK. When XMIT SYNC (which 
is normally 
eight XMIT CLOCK cycles 
long) goes low, the 
TRI-STATE'" 
DIGITAL OUTPUT is returned 
to the high im· 


pedance 
state. On the TP5116A, the PCM code is in awlaw 


sign plus magnitude 
format. 
The TP5117A PCM output 
is 
the standard 
w1aw format 
wherein 
the magnitude 
bits are 


inverted. 
The TP5156A uses the standard 
A-law coding. 


An 8-bit PCM code is shifted 
into DIGITAL 
INPUT on the 


rising 
edge 
of the first 
eight 
RCV CLOCK 
pulses 
after 
RCV SYNC goes high. RCV SYNC is nominally 
eight 
RCV 


CLOCK 
cycles 
wide. 
Approximately 
15 I's 
after 
RCV 


9 
RCV SYNC 
Decoder 
frame sync pulse. 


Normally 
occurring 
at an 
8 kHz 
rate, 
this 
pulse 
is 
nominally 
eight 
RCV 
CLOCK cycles 
wide. 


10 
RCV CLOCK 
Receive 
bit 
clock 
input 
used 
to 
shift 
in 
the 
PCM 
data 
on 
DIGITAL 
INPUT. 
May operate 
from 
64 kHz to 2048 MHz. May 
be 
asynchronous 
with 


XMITCLOCK. 


11 
DIGITAL GROUND 
All 
digital 
levels 
refer- 


enced 
to 
the 
DIGITAL 
GROUND 
pin. 


12 
DIGITAL INPUT 
Serial 
PCM 
data 
input 
to 


the 
decoder. 
During 
the 
decoder 
time 
slot, 
PCM 
data 
is 
shifted 
into 


DIGITAL 
INPUT, most 
sig- 


nificant 
bit first, on the ris- 


ing edge of RCV CLOCK. 


13 
ANALOG 
OUTPUT 
ANALOG 
OUTPUT 
from 


the 
decoder. 
The decoder 
sample 
and hold amplifier 
is updated 
approximately 


15 I's after 
the end of the 


decode 
time slot. 


14 
ANALOG 
GROUND 
All 
analog 
signals 
are 


referenced 
to the ANALOG 
GROUND 
pin. 


SYNC goes low, the ANALOG 
OUTPUT is updated 
to the 


voltage 
corresponding 
to the PCM input 
code. 


All 
encoding 
and decoding 
operations 
are run off 
the 


MASTER 
CLOCK. 
MASTER 
CLOCK 
shouid 
be 
in the 
range 
of 
1.536 MHz to 2.048 MHz 
and 
should 
be syn- 
chronous 
with XMIT CLOCK 
and RCV CLOCK. 
The XMIT 
and RCV CLOCK 
may vary from 64 kHz to 2.048 MHz. 


Encoding 
Delay 


The encoding 
process 
begins 
immediately 
at the begin- 
ning of the encode 
time 
slot 
and is concluded 
no later 
than 18 time slots 
iater. In normal 
applications, 
the PCM 
data is not shifted 
out until the next time slot 1251's later, 


resulting 
in an encoding 
delay of 1251's. In some applica- 


tions 
it is possible 
to operate 
the 
CODEC 
at a higher 
frame 
rate 
to 
reduce 
this 
delay. 
With 
a 2.048 
MHz 


MASTER 
CLOCK, 
the 
FS rate 
could 
be increased 
to 


15 kHz, reducing 
the delay from 
1251's to 67 I's. 


Decoding 
Delay 


The decoding 
process 
begins 
immediately 
after the end 
of the decoder 
time slot. The output 
of the decoder 
sam- 


ple and hold 
amplifier 
is updated 
28 MASTER 
CLOCK 


cycles 
later. The decoding 
delay 
is therefore 
approxi- 
mately 
28 clock 
cycles 
plus one half of a frame 
time or, 
81 fiS for a 1.544 MHz system 
with an 8 kHz frame rate or, 


76 fiS for a 2.048 MHz system 
with 
an 8 kHz frame 
rate. 


Again, 
for some applications 
the frame rate could 
be in- 
creased 
to reduce this delay. 


A typical 
application 
of these CODECs used in conjunc- 


tion with the TP3040 PCM filter is shown below. The values 


of resistor 
R1 and DC blocking 
capacitor 
C1, are non· 


critical. 
The capacitor 
value 
should 
exceed 
0.1 fiF, R1 
should be less than 50 kll, and the product 
R1 x C1 should 
exceed 4 ms. 


XMITGAIN=20 
x log 
(R3;2R2) 
+3dB 


RCVGAIN=20 
x log 
(~) 


R4+ R5 


The 
power 
supply 
decoupling 
capacitors 
should 
be 
0.1 fiF. In order to take advantage 
of the excellent 
noise 
performance 
of these 
CODECs, 
care 
must 
be taken 
in 
board layout to prevent coupling 
of digital 
noise into the 
sensitive 
analog 
lines. For card insertion 
into a hot con- 


nector, 
care should 
be taken 
to insure 
that 
GNDA 
and 
GNDD are contacted 
prior to Vcc and Vaa. 


YFX'+ 


eLK 
YFXD 
ANALOG 
MASTER 
elK 
IN 


VFXI- 
DIG 
OUT 


R3 
OS, 
XMITSYNC 


GNDA 
ANALOG 
XMlTClK 


TPJ040 
GNO 


PWRO- 
PON 
eODEe 


PWRO+ 
CHOD 
GHOD 
RCV$YNC 


PWRI 
-=- 
Rev 
ClK 
R' 


YFRO 
YFRI 
DIG IN 


~National 
~ 
Semiconductor 


The TP3020 and TP3021 are monolithic 
PCM CODECs im- 


plemented 
with 
double-poly 
CMOS 
technology. 
The 
TP3020 is intended 
for wlaw 
applications 
and contains 
logic 
for wlaw 
signaling 
insertion 
and 
extraction. 
The 
TP3021 is intended 
for A-law applications. 


Each device contains 
separate 
D/A and AID circuitry, 
all 


necessary 
sample 
and hold capacitors, 
a precision 
volt- 


age reference 
and internal 
auto-zero 
circuit. 
A serial con- 


trol 
port 
allows 
an external 
controller 
to 
individually 


assign 
the PCM input and output 
ports to one of up to 32 


time 
slots 
or to place 
the 
CODEC 
into 
a power-down 


mode. Alternately, 
the TP3020ITP3021 
may be operated 


in a fixed time slot mode. Both devices are intended 
to be 
used with 
the TP3040 monolithic 
PCM filter 
which 
pro- 


vides the input anti-aliasing 
function 
for the encoder 
and 


smoothes 
the output 
of the decoder 
and corrects 
for the 


sin xix distortion 
introduced 
by the decoder 
sample 
and 
hold output. 


• 
low 
operation 
power-45 
mW typical 


• 
low 
standby 
power-1 
mW typical 


• 
± 5V operation 


• 
Tll 
compatible 
digital 
interface 


• 
Time slot assignment 
or alternate 
fixed time slot modes 


• 
Internal 
precision 
reference 


• 
Internal 
sample 
and hold capacitors 


• 
Internal 
auto-zero 
circuit 


• 
TP3020-wlaw 
coding 
with signaling 
capabilities 


• 
TP3021-A-law 
coding 


• 
Synchronous 
or asynchronous 
operation 


- 


Veewith 
RespecttoGNDD 
7V 


Vee with 
Respect 
to Vee 
14V 


Veewith 
RespecttoGNDD 
-7V 


Voltage 
at Any Input or Output 
Vee - 0.3V to Vee + 0.3V 


Lead Temperature(Soldering, 
10 seconds) 
300·C 


DC Electrical Characteristics 
Unless 
otherwise 
noted 
TA = O·C to 70·C, Vee = 5.0V ± 5%, V ee = - 5.0V ± 5%. 


Typical 
characteristics 
are specified 
at Vee= 
5.0V, Vee= 
- 5.0V and TA = 25·C. All digital 
signals 
are referenced 
to GNDD. 
All 


analog 
signals 
are referenced 
to GNDA. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


DIGITAL 
INTERFACE 


II 
Input 
Current 
O<VIN<Vee 
-10 
10 
p.A 


V1L 
Input 
Low Voltage 
0.6 
V 


VIH 
Input 
High Voltage 
2.2 
V 


VOL 
Output 
Low Voltage 
Dx, IOL= 4.0 mA 
0.4 
V 


SIGR, IOL= 0.5 mA 
0.4 
V 
TSx, IOL= 3.2 mA, Open 
Drain 
0.4 
V 


PDN, IOL= 1.6 mA 
0.4 
V 


VOH 
Output 
High 
Voltage 
Dx, IOH=6 
mA 
2.4 
V 


SIGR, IOH=0.6 
mA 
2.4 
V 


ANALOG 
INTERFACE 


ZI 
VFx Input 
Impedance 
when 
Resistance 
in Series 
with 
2.0 
kO 
Sampling 
Approximately 
70 pF 


Zo 
Output 
Impedance 
at VFR 
-3.1V<VFR<3.1V 
10 
20 
0 


Vos 
Output 
Offset 
Voltage 
at VFR 
DR = PCM Zero Code (TP3020) 
-25 
25 
mV 


or Alternating 
± 1 Code (TP3021) 


IIN 
Analog 
Input 
Bias Current 
VIN=OV 
-0.1 
0.1 
p.A 


R1 x C1 
DC Blocking 
Time 
Constant 
4.0 
ms 


C1 
DC Blocking 
Capacitor 
0.1 
p.F 


R1 
Input 
Bias 
Resistor 
50 
kO 


POWER 
DISSIPATION 


leeo 
Standby 
Current, 
Vce 
0.1 
0.4 
mA 


leeo 
Standby 
Current, 
Vee 
0.03 
0.1 
mA 


leel 
Operating 
Current, 
Vee 
4.5 
8.0 
mA 


leel 
Operating 
Current, 
Vee 
4.5 
8.0 
mA 


AC Electrical Characteristics 
Unless 
otherwise 
noted, 
the analog 
input 
is a 0 dBmO, 1.02 kHz sine wave. The 


digital 
input 
is a PCM bit stream 
generated 
by passing 
a 0 dBmO, 1.02 kHz sine wave through 
an ideal encoder. 
All output 
levels 
are sin xIx corrected. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Absolute 
Levei 
The nominal 
0 dBmO levels 
for 


the TP3020 and TP3021 are 1.520 


Vrms 
and 1.525 Vrms 
respective· 


Iy. The resulting 
nominal 


overload 
level is 3.096V peak for 


both 
devices. 
All gain 


measurements 
for the encode 


and decode 
portions 
of the 


TP3020/TP3021 
are based 
on 


these 
nominal 
levels 
after 
the 


necessary 
sin xIx corrections 


are made. 


GRA 
Receive 
Gain, Absolute 
T=25·C, 
Vcc=5V, 
-0.1 
0.1 
dB 


Vee= 
-5V 


GRAT 
Absolute 
Receive 
Gain 
T = O·C to 70·C 
-0.05 
0.05 
dB 


Variation 
with 
Temperature 


GRAV 
Absolute 
Receive 
Gain 
Vcc=5V 
±5%, 
-0.07 
0.07 
dB 
Variation 
with 
Supply 
Voltage 
Vee= 
-5V±5% 


GXA 
Transmit 
Gain, Absolute 
T=25·C, 
Vcc=5V, 
Vee= 
-5V 
-0.1 
0.1 
dB 


GXAT 
Absolute 
Transmit 
Gain 
T = O·C to 70·C 
-0.05 
0.05 
dB 
Variation 
with 
Temperature 


GXAV 
Absolute 
Transmit 
Gain 
Vcc=5V 
±5%, 
-0.07 
0.07 
dB 


Variation 
with 
Supply 
Voltage 
Vee= 
-5V 
±5% 


GRAL 
Absolute 
Receive 
Gain 
CCITT 
Method 
2 Relative 


Variation 
with 
Level 
to 
-10 
dBmO 
o dBmO to 3 dBmO 
-0.3 
0.3 
dB 
- 40 dBmO to 0 dBmO 
-0.2 
0.2 
dB 
- 50 dBmO to 
- 40 dBmO 
-0.4 
0.4 
dB 
- 55 dBmO to 
- 50 dBmO 
-1.0 
1.0 
dB 


GXAL 
Absolute 
Transmit 
Gain 
CCITT 
Method 
2 Relative 


Variation 
with 
Level 
to 
-10 
dBmO 
o dBmO to 3 dBmO 
-0.3 
0.3 
dB 
- 40 dBmO to 0 dBmO 
-0.2 
0.2 
dB 
- 50 dBmO to 
- 40 dBmO 
-0.4 
0.4 
dB 
- 55 dBmO to 
- 50 dBmO 
-1.0 
1.0 
dB 


S/DR 
Receive 
Signal 
to Distortion 
Sinusoidal 
Test Method 
Input 


Ratio 
Level 


- 30 dBmO to 0 dBmO 
35 
dBc 
-40 
dBmO 
29 
dBc 


-45 
dBmO 
25 
dBc 


SID X 
Transmit 
Signal 
to Distortion 
Sinusoidal 
Test Method 
Input 


Ratio 
Level 


- 30 dBmO to 0 dBmO 
35 
dBc 
-40 
dBmO 
29 
dBc 


-45 
dBmO 
25 
dBc 


NR 
Receive 
Idle Channel 
Noise 
DR = Steady 
State 
PCM Code 
0 
dBrncO 


Nx 
Transmit 
Idle Channel 
Noise 
TP3020, VFx =OV (No Signaling) 
13 
dBrncO 
TP3021, VF x = OV 
-67 
dBmOp 


HDR 
Receive 
Harmonic 
Distortion 
2nd or 3rd Harmonic 
-47 
dB 


HDx 
Transmit 
Harmonic 
Distortion 
2nd or 3rd Harmonic 
-47 
dB 


AC Electrical Characteristics 
(Continued) 
Unless 
otherwise 
noted, 
the analog 
input 
is a 0 dBmO, 1.02 kHz sine 


wave. The digital 
input 
is a PCM bit stream 
generated 
by passing 
a 0 dBmO, 1.02 kHz sine wave through 
an ideal encoder. 
All 


output 
levels 
are sin xix corrected. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


PPSRx 
Positive 
Power 
Supply 
Input 
Level=OV, 
VcC=5.0VDC 
50 
dB 


RejectiDn, 
Transmit 
+ 20 mVrms, 
f = 1.02 kHz 


PPSRR 
PDsitive 
PDwer Supply 
DR = Steady 
PCM CDde, 
40 
dB 


RejectiDn, 
Receive 
Vcc= 
5.0 VDC + 20 mVrms, 


f= 
1.02 kHz 


NPSRx 
Negative 
PDwer Supply 
Input 
Level =OV, Vee= 
-5.0VDC 
50 
dB 


Rejection, 
Transmit 
+ 20 mVrms, 
f = 1.02 kHz 


NPSRR 
Negative 
Power 
Supply 
DR = Steady 
PCM Code, 
45 
dB 
RejectiDn, 
Receive 
Vee=-5.0VDC 
+20mVrms, 


f = 1.02 kHz 


CTXR 
Transmit 
tD Receive 
Crosstalk 
DR = Steady 
PCM Code 
-75 
dB 


CTRX 
Receive 
to Transmit 
Crosstalk 
Transmit 
Input 
Level = OV 
-70 
dB 


Timing Specifications 
Unless 
otherwise 
noted, 
TA=O·C 
to 70·C, 
Vcc=5.0±5%, 
Vee= 
-5.0±5%. 
All 
digital 


signals 
are referenced 
to GNDD 
and measured 
at V1Land V1Hlevels 
as indicated 
in the Timing 
Waveforms. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


tpc 
Period 
of Clock 
CLKc, 
CLKR, CLKx 
488 
ns 


tRC' tFC 
Rise and Fall Time 
of Clock 
CLKc, 
CLKR, CLKx 
30 
ns 


tWCH 
Width 
of Clock 
High 
CLKc,CLKR,CLKx 
165 
ns 


tWCL 
Width 
of Clock 
Low 
CLKc, 
CLKR, CLKx 
165 
ns 


tA1D 
AID Conversion 
Time 
From 
End of Encoder 
Time 
16 
Time 
Slot to Completion 
of 
Slots 
Conversion 


tD1A 
DIA Conversion 
Time 
From 
End of Decoder 
Time 
2 
Time 
Slot to Transition 
of VFR 
Slots 


tSDC 
Set-Up 
Time, 
Dc to CLKc 
100 
ns 


tHDC 
Hold Time, 
CLKc 
to DC 
100 
ns 


tSFC 
Set-Up 
Time, 
FSx or CLKx 
100 
ns 


tHFX 
Hold Time, 
CLKx 
to FSx 
100 
ns 


tDzx 
Delay 
Time 
to Enable 
Dx on 
CL = 150 pF 
125 
ns 
TS Entry 


tDDX 
Delay 
Time, 
CLKx 
to Dx 
CL = 150 pF 
125 
ns 


tDXZ 
Delay 
Time, 
Dx to High 
CL = 0 pF 
50 
165 
ns 
Impedance 
State 
on TS Exit 


tDTSL 
Delay 
to TSx Low 
0"CL,,150 
pF 
30 
185 
ns 


tDTSH 
Delay 
to TSx Off 
CL=O 
pF 
30 
185 
ns 


tssx 
Set-Up 
Time, 
SIGx to CLKx 
100 
ns 


tHSX 
Hold Time, 
CLKx 
to SIGx 
100 
ns 


tSFR 
Set-Up 
Time, 
FSR to CLKR 
100 
ns 


tHFR 
Hold Time, 
CLKR to FSR 
100 
ns 


tSDR 
Set·Up 
Time, 
DR to CLKR 
40 
ns 


tHDR 
Hold Time, 
CLKR to DR 
30 
ns 


tDSR 
Delay Time, 
CLKR to SIGR 
CL = 100 pF 
300 
ns 


~ 


DC 


- 
-tHDC 


---------------~ 


.-- 
NC 
t.:LKC 
V 
0 
23 
DC 
NC 
21 
N 
NC 
DC 
0 
VfX 
3 
22 
VSS 
VfX 
20 
VBB 
(W) 
Q. 


NC 
21 
19 
to- 


SIGX 
NC 
fSX 


GNOA 
20 
fSX 
GNOA 


18 


ClKX 


SIGR 
19 
ClKX 


TP3020 
NC 
TP3021 


17 


fSR 


NC 
18 
fSR 


DR 
16 


CLKR 


DR 
17 
ClKR 


15 


VCC 
PON 
16 
VCC 
PON 


10 
15 
VfR 
" - 
VfR 
fiX 
TSX 


11 
" 


NC 
10 
13 


NC 
Ox 
Ox 


NC 
12 
13 
GNDD 
NC 
11 
12 


GNOD 


TOP VIEW 
TOP VIEW 


Description of Pin Functions 


TP3020 


Pin No. 
Name 


1 
NC 


2 
NC 


3 
VFx 


4 
NC 


5 
GNDA 


Unused 


Unused 


Analog 
input 
to 
the 
encoder. 
This 
signal 
will be sampled 
at the end of the 
encoder 
time 
slot 
and 
the 
resulting 
PCM 
code 
will 
be shifted 
out 
during 
the subsequent 
encode 
time 
slot. 


Unused 


Analog 
ground. 
All analog 
signals 
are 
referenced 
to this 
pin. 


Receive 
signaling 
bit 
output. 
During 
receive 
signaling 
frames 
the least 
sig- 
nificant 
(last) 
bit shifted 
into 
DR is in- 
ternally 
latched 
and 
appears 
at 
this 
output-SIGR 
will 
then 
remain 
valid 
until 
changed 
during 
a 
subsequent 
receive 
signaling 
frame 
or reset 
by a 
power-down 
command. 


Unused 


Serial 
PCM data 
input 
to the decoder. 
During 
the 
decoder 
time 
slot, 
PCM 
data 
is shifted 
into 
DR, most 
signifi- 
cant 
bit 
first, 
on the 
falling 
edge 
of 
CLKR· 


TTL output 
level which 
goes high when 
the 
CODEC 
is 
in 
the 
power-down 
mode. 
May 
be 
used 
to 
power-down 
other 
circuits 
associated 
with 
the 
PCM channel. 
Can be wire ANDed 
with 
other 
PDN outputs. 


Analog 
output 
from 
the decoder. 
The 
decoder 
sample 
and hold amplifier 
is 
updated 
approximately 
151's after 
the 
end of the decode 
time 
slot. 


NC 


GNDD 
Digital 
ground. 
All digital 
levels are ref- 
erenced 
to this 
pin. 


Serial 
PCM 
TRI-STATE@ output 
from 
the encoder. 
During 
the encoder 
time 


slot, 
the 
PCM 
code 
for 
the 
previous 


sample 
of 
VFx 
is shifted 
out, 
most 
significant 
bit first, 
on the rising 
edge 


of CLKx. 


Time slot output. 
This TTL compatible 


open-drain 
ootput 
pulses 
low 
during 


the encoder 
time 
slot. 
May be used to 


enable 
external 
TRI·STATE@ bus driv· 
ers if highly 
capacitive 
loads 
must 
be 


driven. 
Can be wire ANDed 
with 
other 
TSx outputs. 


5V (± 5%) input. 


Master 
decoder 
clock 
input 
used 
to 


shift 
in the 
PCM 
data 
on 
DR and 
to 


operate 
the 
decoder 
sequencer. 
May 


operate 
at 
1.536 
MHz, 
1.544 
MHz 
or 
2048 MHz. May be asynchronous 
with 
CLKx or CLKc. 


Decoder 
frame 
sync 
pulse. 
Normally 


occurring 
at an 8 kHz rate, this pulse 
is 


nominally 
one 
CLKR 
cycle 
wide. 
Extending 
the width 
of FSR to two 
or 
more 
cycles 
of 
CLKR 
signifies 
a 


receive 
signaling 
frame. 


Pin No. 
Name 


19 
CLKx 


22 
VBB 


23 
Dc 


TP3021 
Pin No. 
Name 


1 
NC 


2 
NC 


3 
VFx 


4 
NC 


5 
GNDA 


Function 


Master 
encoder 
clock 
input 
used 
to 
shift 
out 
the 
PCM data 
on Dx and to 
operate 
the 
encoder 
sequencer. 
May 
operate 
at 
1.536 
MHz, 
1.544 
MHz 
or 
2.048 M Hz. May be asynchronous 
with 


CLKR or CLKc· 


Encoder 
frame 
sync 
pulse. 
Normally 
occurring 
at an 8 kHz rate, this pulse 
is 
nominally 
one 
CLKx 
cycle 
wide. 
Ex· 
tending 
the 
width 
of 
FSx 
to 
two 
or 
more 
cycles 
of 
CLKx 
signifies 
a 
transmit 
signaling 
frame. 


Transmit 
signaling 
input. 
During 
a 
transmit 
signaling 
frame, 
the signal 
at 
SIGx is shifted 
out of Dx in place of the 
least significant 
(last) bit of PCM data. 


-5V(±5%)input. 


Serial 
control 
data 
input. 
Serial 
data 
on Dc is shifted 
into the CODEC on the 
falling 
edge of CLKc. 
In the fixed 
time 
slot 
mode, 
Dc 
doubles 
as 
a power- 
down 
input. 


Control 
clock 
input 
used to shift 
serial 
control 
data into Dc. CLKc 
must 
pulse 
8 times 
during 
a period 
of time 
less 
than 
or 
equal 
to 
one 
frame 
time, 
although 
the 8 pulses 
may 
overlap 
a 
frame 
boundary. 
CLKc 
need 
not 
be 
synchronous 
with 
CLKx 
or 
CLKR. 


Connecting 
CLKc 
continuously 
high 
places 
the 
TP3020/TP3021 
into 
the 
fixed 
time 
slot 
mode. 


Unused 


Unused 


Analog 
input 
to 
the 
encoder. 
This 
signal 
wi II be sampled 
at the end of the 
encoder 
time 
slot 
and 
the 
resulting 
PCM 
code 
will 
be shifted 
out 
during 
the subsequent 
encode 
time slot. 


Unused 


Analog 
ground. 
All analog 
signals 
are 
referenced 
to this 
pin. 


Unused 


Serial 
PCM data 
input 
to the decoder. 


During 
the 
decoder 
time 
slot, 
PCM 
data 
is shifted 
into 
DR, most 
signifi- 
cant 
bit 
first, 
on 
the 
falling 
edge 
of 


CLKR· 
Open 
drain 
output 
which 
turns 
off 
when the CODEC 
is in the power-down 
mode. 
May 
be 
used 
to 
power-down 
other 
circuits 
associated 
with 
the 
PCM channel. 
Can be wireANDed 
with 
other 
PDN outputs. 


Pin No. 
Name 


9 
VFR 


10 
NC 


11 
NC 


12 
GNDD 


15 
Vcc 


16 
CLKR 


20 
VBB 
21 
Dc 


Function 


Analog 
output 
from 
the decoder. 
The 


decoder 
sample 
and hold 
amplifier 
is 


updated 
approximately 
15 p's after 
the 


end of the decode 
time 
slot. 


Unused 


Unused 


Digital 
ground. 
All 
digital 
levels 
are 


referenced 
to this 
pin. 


Serial 
PCM 
TRI-STATE'" 
output 
from 


the encoder. 
During 
the encoder 
time 


slot, 
the 
PCM 
code 
for 
the 
previous 


sample 
of 
VFx 
is shifted 
out, 
most 


significant 
bit first, 
on the rising 
edge 


of CLKx. 


Time slot output. 
This TTL compatible 


open·drain 
output 
pulses 
low 
during 


the encoder 
time 
slot. 
May be used to 


enable 
external 
TRI-STATE'" 
bus 


drivers 
if highly 
capacitive 
loads 
must 
be driven. 
Can 
be wire 
ANDed 
with 
other TSx outputs. 


5V (± 5%) 
input. 


Master 
decoder 
clock 
input 
used 
to 


shift 
in the 
PCM 
data 
on 
DR and 
to 


operate 
the 
decoder 
sequencer. 
May 


operate 
at 
1.536 
MHz, 
1.544 
MHz 
or 


2.048 MHz. May be asynchronous 
with 
CLKx or CLKc. 


Decoder 
frame 
sync 
pulse. 
Normally 


occurring 
at an 8 kHz rate, this pulse 
is 
nominally 
one CLKR cycle 
wide. 


Master 
encoder 
clock 
input 
used 
to 


shift 
out 
the 
PCM data 
on Dx and 
to 


operate 
the 
encoder 
sequencer. 
May 


operate 
at 
1.536 
MHz 
1.544 
MHz, 
or 


2.048 M Hz. May be asynchronous 
with 
CLKR or CLKc. 


Encoder 
frame 
sync 
pulse. 
Normally 


occurring 
at an 8 kHz rate, this pulse 
is 


nominally 
one CLKx cycle 
wide. 


-5V 
(±5'10) 
input. 


Serial 
control 
data 
input. 
Serial 
data 


on Dc is shifted 
into the CODEC on the 


falling 
edge of CLKc. 
In the fixed 
time 


slot 
mode, 
Dc 
doubles 
as 
a power- 
down 
input. 


Control 
clock 
input 
used to shift 
serial 


control 
data 
into Dc. CLKc 
must 
pulse 


8 times 
during 
a period 
of time 
less 
than 
or 
equal 
to 
one 
frame 
time, 


although 
the 8 pulses 
may 
overlap 
a 
frame 
boundary. 
CLKc 
need 
not 
be 


synchronous 
with 
CLKx 
or 
CLKR. 


Connecting 
CLKc 
continuously 
high 
places 
the 
TP3020/TP3021 
into 
the 


fixed 
time 
slot 
mode. 


Power-Up 


Upon 
application 
of power, 
internal 
circuitry 
initializes 
the CODEC and places 
it into the power-down 
mode. No 
sequencing 
of 5V or - 5V is required. 
In the power-down 
mode, 
all 
non-essential 
circuits 
are 
deactivated, 
the 
TRI-STATE@ PCM data output 
Ox is placed 
in the high im- 
pedance 
state 
and the 
receive 
signaling 
output 
of the 
TP3020, SIGR, is reset to logical 
zero. Once in the power- 
down mode, the method 
of activating 
the TP3020/TP3021 
depends 
on the 
chosen 
mode 
of 
operation, 
time 
slot 


assignment 
or fixed time slot. 


Time Slot Assignment 
Mode 


The time slot assignment 
mode of operation 
is selected 
by maintaining 
CLKc in a normally 
low state. The state of 
the 
CODEC 
is 
updated 
by pulsing 
CLKc 
eight 
times 
within 
a period of 1251's or less. The falling 
edge of each 
clock 
pulse 
shifts 
the 
data 
on the 
Dc input 
into 
the 


CODEC. The first two control 
bits determine 
if the subse- 
quent 
control 
bits 83-88 
are to specify 
the time slot for 
the encoder 
(81 = 0), the decoder 
(82 = 0) or both (81 and 
82 = 0) or if the CODEC 
is to be placed 
into the power- 
down 
mode (81 and 82 = 1). The desired 
action 
will take 


place 
upon 
the 
occurrence 
of the 
second 
frame 
sync 


pulse following 
the first 
pulse of CLKc. Assigning 
a time 
slot 
to either 
the encoder 
or decoder 
will 
automatically 


power-up 
the entire CODEC circuit. 
The Ox output 
and DR 
Input, however, will be inhibited 
for one additional 
frame 


to allow 
the analog 
circuitry 
time to stabilize. 
If separate 


time 
slots 
are to be assigned 
to the encoder 
and 
the 


decoder, 
the encoder 
time slot should 
be assigned 
first. 


This is necessary 
because 
up to four frames 
are required 


to 
assign 
both 
time 
slots 
separately, 
but 
only 
three 


frames 
are necessary 
to activate 
the Ox output. 
If the 


encode time slot has not been updated 
the PCM data will 


be outputted 
during 
the previously 
assigned 
time 
slot 


which 
may now be assigned 
to another 
CODEC. 


There are several 
ways in which 
the TP3020/TP3021 
may 


operate 
in the fixed time slot mode. The first and easiest 


method 
is to 
leave 
CLKc 
disconnected 
or to connect 


CLKc 
to Vcc. In this 
situation, 
Dc behaves 
as a power- 


down 
input. When Dc goes low, both encode 
and decode 


time slots are set to one on the second subsequent 
frame 


sync pulse. Time slot one corresponds 
to the eight CLKx 
or CLKR cycles 
starting 
one 
cycle 
from 
the 
nominal 


leading 
edge of FSx or FSR respectively. 
As in the time 


slot assignment 
mode, the Ox output 
is inhibited 
for one 


additional 
frame after the circuit 
is powered 
up. A logical 


"1" on Dc powers the CODEC down on the second subse- 
quent 
FSx pulse. 


A second 
fixed time slot method 
is to operate 
CLKc con- 


tinuously. 
Placing 
a "1" on Dc will then cause the serial 


control 
register 
to fill up with ones. With 81 and 82 equal 


to "1" the CODEC will 
power-down. 
Placing 
a "0" on Dc 


will cause the serial control 
register 
to fill up with zeroes, 
assigning 
time slot one to both the encoder 
and decoder 


and 
powering 
up the device. 
One important 
restriction 


with this method 
of operation 
is that the rising transition 


of Dc must occur at least 8 cycles 
of CLKc prior to FSx. If 


this 
restriction 
is not 
followed, 
it is possible 
that 
on 


the frame 
prior to power-down, 
the encoder 
could 
be as- 
signed 
to an incorrect 
time 
slot 
(e.g., 1, 3, 7, 15 or 31), 


resulting 
in a possible 
PCM bus conflict. 


Serial Control 
Port 


When 
the TP3020ITP3021 
is operated 
in the time 
slot 


assignment 
mode 
or 
the 
fixed 
time 
slot 
mode 
with 
continuous 
clock, the data on Dc is shifted 
into the serial 
control 
register, 
bit 1 first. 
In the time 
slot 
assignment 


mode, depending 
on 81 and 82, the data 
in the RCV or 
XMT time slot registers 
is updated 
at the second 
FSR or 
FSx pulse 
after 
the first 
CLKc 
pulse, 
or the CODEC 
is 


powered 
down. 
In the continuous 
clock 
fixed 
time 
slot 
mode, the CODEC is powered 
up or down at every second 
FSR or FSx pulse. The control 
register 
data is interpreted 
as follows: 


B1 
B2 
Action 


0 
0 
Assign time slot to encoder and decoder 


0 
1 
Assign time slot to encoder 


1 
0 
Assign time slot to decoder 


1 
1 
Power-down CODEC 


B3 
B4 
B5 
B6 
B7 
B8 
Time Slot 


0 
0 
0 
0 
0 
0 
1 


0 
0 
0 
0 
0 
1 
2 


0 
0 
0 
0 
1 
0 
3 


0 
0 
0 
0 
1 
1 
4 


1 
1 
1 
1 
1 
0 
63 


1 
1 
1 
1 
1 
1 
64 


During the power-down 
command, 
bits 3 through 
8 are ig- 


nored. Note that with 64 possible 
time slot assignments 


it is frequently 
possible 
to assign 
a time slot which 
does 


not exist. 
This 
can be useful 
to disable 
an encoder 
or 


decoder 
without 
powering 
down 
the CODEC. 


Signaling 


The TP3020 wlaw CODEC contains 
circuitry 
to insert and 
extract 
signaling 
information 
for 
the 
PCM 
data. 
The 


transmit 
signaling 
frame is signified 
by widening 
the FSx 


pulse from one cycle of CLKx to two or more cycles. 


When this occurs, 
the data present 
on the SIGx input at 


the eighth 
clock 
pulse of the encode 
time siot is inserted 


into the last bit of the PCM data stream. 
A receive signal- 


ing frame 
is indicated 
in a similar 
fashion 
by widening 
the FSR pulse to two or more cycles 
of CLKR. 


During a receive signaling 
frame, the last PCM bit shifted 


in is latched 
into a flip-fiop 
and appears 
at the SIGR out- 
put. This 
output 
will 
remain 
unchanged 
until 
the 
next 
signaling 
frame, 
until 
a power-down 
is executed 
or until 
power is removed from the device. Since the least signifi- 
cant bit of the PCM data is lost during 
a signaling 
frame, 


the decoder 
interprets 
the bit as a "1/2" (i.e., half way be- 
tween a "0" and a "1"). This minimizes 
the noise and dis- 
tortion 
due to the signaling. 


Functional Description 
(Continued) 


Encoding 
Delay 


The encoding 
process 
begins 
immediately 
at the end of 
the encode 
time 
slot 
and is concluded 
no later than 
17 
time slots 
later. In normal 
applications, 
this 
PCM data is 
not 
shifted 
out 
until 
the 
next 
time 
slot 
125 !'s 
later, 


resulting 
in an encoding 
delay of 125 !'s. In some applica· 


tions 
it is possible 
to operate 
the CODEC 
at a higher 


frame 
rate to reduce 
this delay. With a 2.048 MHz clock, 


the FS rate could 
be increased 
to 15 kHz reducing 
the 


delay from 
125!'s 
to 67 !'s. 


Decoding 
Delay 


The decoding 
process 
begins 
immediately 
after the end 
of 
the 
decoder 
time 
slot. 
The 
output 
of 
the 
decoder 
sample 
and 
hold 
amplifier 
is updated 
28 CLKR 
cycles 


TO slie 
{ 


. 
(R3+R2) 
XMTgaln=20xlog 
~ 
+3dB 


Rev gain = 20 x log ( R4:4R5 ) 


later. The decoding 
deiay 
is therefore 
approximately 
28 
clock 
cycles 
plus one half of a frame 
time or 81 !'s for a 


1.544 MHz system 
with an 8kHz 
frame 
rate or 76!'s 
for a 


2.048 MHz system 
with 
an 8 kHz frame 
rate. Again, 
for 


some applications 
the frame 
rate could 
be increased 
to 


reduce this delay. 


Typical 
Application 


A typical 
application 
of the TP3020/TP3021 
used in con- 


junction 
with the TP3040 PCM filter 
is shown. The values 


of resistor 
R1 and 
DC blocking 
capacitor 
C1, are non- 
critical. 
The capacitor 
value 
should 
exceed 
0.1 !,F, R1 
should 
be iess 
than 
50 kn, 
and 
the 
product 
R1 x C1 


should 
exceed 
4 ms. 


~O.l!'F 


The TP3040/TP3040A 
filter 
is a monolithic 
circuit 
contain- 


ing both transmit 
and receive filters 
specifically 
designed 
for PCM CODEC filtering 
applications 
in 8 kHz sampled 


systems. 


The filter 
is manufactured 
using double-poly 
silicon 
gate 


CMOS 
technology. 
Switched 
capacitor 
integrators 
are 


used to simulate 
classical 
LC ladder filters 
which 
exhibit 


low component 
sensitivity. 


The transmit 
filter 
is a fifth 
order elliptic 
low pass filter 
in 


series 
with 
a fourth 
order Chebyshev 
high 
pass filter. 
It 


provides 
a flat response 
in the passband 
and rejection 
of 


signals 
below 200 Hz and above 3.4 kHz. 


The receive 
filter 
is a fifth 
order 
elliptic 
low pass 
filter 


designed 
to 
reconstruct 
the 
voice 
signal 
from 
the 


decodedldemultiplexed 
signal 
which, 
as a result 
of the 


sampling 
process, 
is 
a 
stair-step 
signal 
having 
the 


inherent 
sin xix 
frequency 
response. 
The 
receive 
filter 


approximates 
the function 
required 
to compensate 
for the 


degraded 
frequency 
response 
and restore 
the flat 
pass- 


band response. 


• 
Exceeds all D3/D4 and CCITT specifications 
• 
+ 5V, - 5V power supplies 


• 
Low power consumption: 


45 mW (600n 0 dBm load) 
30 mW (power amps disabled) 


• 
Power down mode: 
0.5mW 


• 
20 dB gain adjust 
range 


• 
No external 
anti-aiiasing 
components 


• 
Sin x/x correction 
in receive filter 


• 
50/60 Hz rejection 
in transmit 
filter 


• 
TTL and CMOS compatible 
logic 


• 
All 
inputs 
protected 
against 
static 
discharge 
due to 


handling 


16 
VFxD 


15 GNDA 


14 
ClKO 


11 
CNOD 


10 
VFRI 
r-------- 
--------, 
I 
I 
I 
I 
10 
I 
I 
VFR' 
I 
I 
L_____ 
_~ 


Absolute Maximum Ratings 


Supply 
Voltages 
±7V 


Power Dissipation 
1 W/Package 


Input Voltage 
±7V 


Output 
Short-Circuit 
Duration 
Continuous 


Operating 
Temperature 
Range 
-25·Cto 
+125·C 


Storage 
Temperature 
-65·Cto 
+ 150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


DC Electrical Characteristics 


Unless 
otherwise 
noted, 
TA=O·C 
to 
70·C, 
Vcc=5.0V±5%, 
VBB= 
-5.0V±5%, 
clock 
frequency 
is 2.048 
MHz. 
Typical 


parameters 
are specified 
at TA = 25·C, Vcc = 5.0V, VBB = - 5.0V. Digital 
interface 
voltages 
measured 
with 
respect 
to digital 


ground, 
GNDD. 
Analog 
voltages 
measured 
with 
respect 
to analog 
ground, 
GNDA. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


POWER 
DISSIPATION 


Icco 
Vcc Standby 
Current 
PDN = VDD, Power 
Down 
Mode 
50 
100 
p.A 


IBBO 
VBB Standby 
Current 
PDN = VDD, Power 
Down 
Mode 
50 
100 
p.A 


Icc1 
Vcc Operating 
Current 
PWRI = VBB, Power Amp 
Inactive 
3.0 
4.0 
mA 


IBB1 
VBB Operating 
Current 
PWRI = V BB, Power Amp 
Inactive 
3.0 
4.0 
mA 


ICC2 
Vcc Operating 
Current 
Note 
1 
4.6 
6.4 
mA 


IBB2 
VBB Operating 
Current 
Note 
1 
4.6 
6.4 
mA 


DIGITAL 
INTERFACE 


IINC 
Input 
Current, 
CLK 
VBB",VIN"'VCC 
-10 
10 
p.A 


IINP 
Input 
Current, 
PDN 
VBB",VIN"'VCC 
-100 
p.A 


IINO 
Input 
Current, 
CLKO 
VBB'" VIN'" Vcc - 2V 
-10 
-0.1 
p.A 


V1L 
Input 
Low Voltage, 
CLK, 
PDN 
0 
0.8 
V 


V1H 
Input 
High Voltage, 
CLK, PDN 
2.2 
Vcc 
V 


VILO 
Input 
Low Voltage, 
CLKO 
VBB 
VBB+0.5 
V 


VIIO 
Input 
Intermediate 
Voltage, 
CLKO 
-0.8 
0.8 
V 


V1HO 
Input 
High Voltage, 
CLKO 
Vcc-0.5 
Vcc 
V 


TRANSMIT 
INPUT OP AMP 


IBxl 
Input 
Leakage 
Current, 
VFxl 
VBB",VFx' 
",Vcc 
-100 
100 
nA 


Rlx' 
Input 
Resistance, 
VFx' 
VBB", VFxl ",Vcc 
io 
MG 


VOSxl 
Input 
Offset 
Voltage, 
VFx' 
- 2.5V", V1N", + 2.5V 
-20 
20 
mV 


VCM 
Common-Mode 
Range, 
VFxl 
-2.5 
2.5 
V 


CMRR 
Common-Mode 
Rejection 
Ratio 
- 2.5V", V1N", 2.5V 
60 
dB 


PSRR 
Power 
Supply 
Rejection 
of Vcc 
60 
dB 


orVBB 


ROL 
Open 
Loop Output 
Resistance, 
1 
kG 
GSx 


RL 
Minimum 
Load 
Resistance, 
GSx 
10 
kG 


CL 
Maximum 
Load Capacitance, 
GSx 
25 
pF 


VOxl 
Output 
Voltage 
Swing, 
GSx 
RL",10k 
±2.5 
V 


AVOL 
Open 
Loop Voltage 
Gain, 
GSx 
RL", 10k 
5,000 
VIV 


Fe 
Open 
Loop 
Unity 
Gain 
Bandwidth, 
2 
MHz 


GSx 


AC Electrical Characteristics 
Unless 
otherwise 
specified, 
TA = 25·C. All parameters 
are specified 
for a signal 
level of 0 dBmO at 1 kHz. The 0 dBmO level is 


assumed 
to be 1.54 Vrms measured 
at the output 
of the transmit 
or receive 
filter. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


TRANSMIT 
FILTER (Transmit 
filter input op amp set to the non.inverting 
unity gain mode, with VFxl = 1.1 Vrms unless other· 


wise noted.) 


RLx 
Minimum 
Load 
Resistance, 
VFxO 
10 
kO 


CLx 
Load Capacitance, 
VFxO 
25 
pF 


ROx 
Output 
Resistance, 
VFxO 
1 
3 
0 


PSRR1 
Vcc Power Supply 
Rejection, 
VFxO 
f=1 
kHz, VFxl + =0 
Vrms 
30 
dB 


PSRR2 
VBB Power Supply 
Rejection, 
VFxO 
Same 
as Above 
35 
dB 


GAx 
Absolute 
Gain 
f = 1 kHz (TP3040A) 
2.9 
3.0 
3.1 
dB 


f = 1 kHz (TP3040) 
2.875 
3.0 
3.125 
dB 


GRx 
Gain 
Relative 
to GAx 
Below 
50 Hz 
-35 
dB 


50 Hz 
-41 
-35 
dB 


60 Hz 
-35 
-30 
dB 


200 Hz (TP3040A) 
-1.5 
0 
dB 


200 Hz (TP3040) 
-1.5 
0.05 
dB 


300 Hz to 3 kHz (TP3040A) 
-0.125 
0.125 
dB 


300 Hz to 3 kHz (TP3040) 
-0.15 
0.15 
dB 


3.3 kHz 
-0.35 
0.03 
dB 


3.4 kHz 
-0.70 
-0.1 
dB 


4.0 kHz 
-15 
-14 
dB 


4.6 kHz and Above 
-32 
dB 


DAx 
Absolute 
Delay at 1 kHz 
230 
p's 


DDx 
Differential 
Envelope 
Delay 
from 
60 
p's 


1 kHz to 2.6 kHz 


DPx1 
Single 
Frequency 
Distortion 
-48 
dB 


Products 


DPx2 
Distortion 
at Maximum 
Signal 
0.16 Vrms, 
1 kHz Signal 
Applied 
to 
-45 
dB 


Level 
VFxl +, Gain = 20 dB, RL = 10k 


NCx1 
Total 
C Message 
Noise 
at VFxO 
2 
5 
dBrnCO 


NCx2 
Total 
C Message 
Noise 
at VFxO 
Gain Setting 
Op Amp 
at 20 dB, 
3 
6 
dBrnCO 


Non-Inverting, 
Note 3 


TA = O·C to 70·C 


GAxT 
Temperature 
Coefficient 
of 
0.0004 
dB/·C 


1 kHz Gain 


GAxS 
Supply 
Voltage 
Coefficient 
of 
Vcc = 5.0V ± 5% 
0.01 
dBN 


1 kHz 
Gain 
VBB= 
-5.0V±5% 


CTRX 
Crosstalk, 
Receive 
to Transmit 
Receive 
Filter 
Output 
= 2.2 Vrms 
-70 
dB 
VF 0 
VFxl + = 0 Vrms, 
f = 0.2 kHz to 3.4 kHz 
20 log __ x_ 


VFRO 
Measure 
VFxO 


GRxL 
Gaintracking 
Relative 
to GAx 
Output 
Level = + 3 dBmO 
-0.1 
0.1 
dB 
+ 2 dBmO to 
- 40 dBmO 
-0.05 
0.05 
dB 


- 40 dBmO to 
- 55 dBmO 
-0.1 
0.1 
dB 


AC Electrical Characteristics 
(Continued) 


Unless 
otherwise 
specified, 
TA = 25°C. All parameters 
are specified 
for a signal 
level of 0 dBmO at 1 kHz. The 0 dBmO level is 


assumed 
to be 1.54 Vrms measured 
at the output 
of the transmit 
or receive 
filter. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


RECEIVE 
FILTER (Unless 
otherwise 
noted, the receive 
filter 
is preceded 
by a sin xix filter 
with an input signal 
level of 1.6 Vrms.) 


IBR 
Input 
Leakage 
Current, 
VFRI 
- 3.2V :sV1N :s3.2V 
-100 
100 
nA 


RIR 
Input 
Resistance, 
VFRI 
10 
MO 


ROR 
Output 
Resistance, 
VFRO 
1 
3 
0 


CLR 
Load Capacitance, 
VFRO 
25 
pF 


RLR 
Load 
Resistance, 
VFRO 
10 
kO 


PSRR3 
Power Supply 
Rejection 
of Vcc or 
VFRI Connected 
to GNDA 
35 
dB 


VBB, VFRO 
f=l 
kHz 


VOSRO 
Output 
DC Offset, 
VFRO 
VFRI Connected 
to GNDA 
-200 
200 
mV 


GAR 
Absolute 
Gain 
f = 1 kHz (TP3040A) 
-0.1 
0 
0.1 
dB 


f = 1 kHz (TP3040) 
-0.125 
0 
0.125 
dB 


GRR 
Gain 
Relative 
to Gain 
at 1 kHz 
Below 
300 Hz 
0.125 
dB 


300 Hz to 3.0 kHz (TP3040A) 
-0.125 
0.125 
dB 


300 Hz to 3.0 kHz (TP3040) 
-0.15 
0.15 
dB 


3.3 kHz 
-0.35 
0.03 
dB 


3.4 kHz 
-0.7 
-0.1 
dB 


4.0 kHz 
-14 
dB 


4.6 kHz and Above 
-32 
dB 


DAR 
Absolute 
Delay 
at 1 kHz 
100 
/,S 


DDR 
Differential 
Envelope 
Delay 
1 kHz 
100 
/,s 


to 2.6 kHz 


DPRl 
Single 
Frequency 
Distortion 
f= 
1 kHz 
-48 
dB 


Products 


DPR2 
Distortion 
at Maximum 
Signal 
2.2 Vrms 
Input 
to Sin xix Filter, 
-45 
dB 


Level 
f=l 
kHz, RL=10k 


NCR 
Total 
C-Message 
Noise 
at VFRO 
3 
5 
dBrncO 


GART 
Temperature 
Coefficient 
of 1 kHz 
0.0004 
dB/oC 


Gain 


GARS 
Supply 
Voltage 
Coefficient 
of 
0.01 
dBN 


1 kHz Gain 


CTXR 
Crosstalk, 
Transmit 
to Receive 
Transmit 
Filter 
Output 
= 2.2 Vrms 
-70 
dB 


20 log VFRO 
VFRI = 0 Vrms, 
f = 0.3 kHz to 3.4 kHz 


VFxO 
Measure 
VFRO 


GRRL 
Gaintracking 
Relative 
to GAR 
Output 
Level = + 3 dBmO 
-0.1 
0.1 
dB 
+ 2 dBmO to 
- 40 dBmO 
-0.05 
0.05 
dB 


- 40 dBmO to 
- 55 dBmO 
-0.1 
0.1 
dB 


Note 5 


I- 
Symbol 
Parameter 
Conditions 
Units 


~ 
RECEIVE 
OUTPUT 
POWER 
AMPLIFIER 


0 
IBP 
Input 
Leakage 
Current, 
PWRI 
- 3.2V:5 V IN:5 3.2V 
0.1 
3 
".A 
('I) 
Q. 
RIP 
Input 
Resistance, 
PWRI 
10 
Mn 
I- 


ROPl 
Output 
Resistance, 
PWRO +, 
Amplifiers 
Active 
n 


PWRO- 


CLP 
Load Capacitance, 
PWRO+, 
500 
pF 
PWRO- 


GAp+ 
Gain, 
PWRlto 
PWRO + 
RL = 600n Connected 
Between 
1 
VN 


GAp- 
Gain, 
PWRlto 
PWRO- 
PWRO + and PWRO -, 
Input 
-1 
VN 


Level = 0 dBmO (Note 4) 


GRpL 
Gaintracking 
Relative 
to 0 dBmO 
V = 2.05 Vrms, 
RL = 600n (Notes 
4, 5) 
-0.1 
0.1 
dB 
Output 
Level 
V = 1.75 Vrms, 
RL = 300n 
-0.1 
0.1 
dB 


SlOp 
SignallDistortion 
V = 2.05 Vrms, 
RL = 600n (Notes 
4, 5) 
-45 
dB 
V = 1.75 Vrms, 
RL = 300n 
-45 
dB 


VOSP 
Output 
DC Offset, 
PWRO +, 
PWRI Connected 
to GNDA 
-50 
50 
mV 


PWRO- 


PSRR5 
Power 
Supply 
Rejection 
of Vcc 
PWRI Connected 
to GNDA 
45 
dB 


or VBB 


Note 1: Maximum power consumption 
will depend on the load impedance connected to the power amplifier. The specification 
listed assumes 0 dBm is 
delivered 
to 6000 connected 
from PWRO + to PWRO-, 


Note 2: Voltage input to receive filter at av, VFRO connected 
to PWAI, 6000 from PWRO + to PWRO -. Output measured from PWRO + to PWRQ-. 


Note 3: The 0 dBmO level for the filter is assumed 10be 1.54 Vrms measured at the output of the XMT or ReV filter. 


Note 4: The 0 dBmO level for the power amplifiers 
is load dependent. 
For RL = 600n to GNDA, the 0 dBmO level is 1.43Vrms measured at the amplifier 
output. 


For RL = 300n the 0 dBmO level is 1.22 Vrms. 


Note 5: VFRO connected 
to PWRI, input signal applied to VFRI. 


INTERFACE 
CIRCUIT 
..- -- - - - - - - - -, 


TRANSFORMERS 
J 


600 
I, 
O.1IJFT 


,. 
'CM 
VF, 
0, 
OUT 


160k 


_ 
GNOA 
TPJ020 
• 


'ON 


'0 
'CM 
VFR 
DR 
IN 


Note 1: Transmit voltage gain = Rl;2 R2 x...j 2 (The filter itself introduces 
a3 dB gain), (R1 + R22: 10k) 


Note 2: Receive gain;;;; 
R3:4 R4 


(R3 + R4" 10k) 


Note 3: In the configuration 
shown, the receive filter power amplifiers 
will drive a 600n T to A termination 
to a maximum signal level of 8.5 dBm. An alternative 
arrangement, 
using a transformer 
winding 
ratio equivalent 
to 1.414:1 and 300n resistor, RS, wilt provide a maximum 
signal level of 10.1 dBm across a 600n 
termination 
impedance. 


FIGURE 
2 


9·242 


Function 


The non-inverting input to 
the transmit filter stage. 
The inverting input to the 
transmit filter stage. 
The output 
used for gain 
adjustments of the transmit 
filter. 
The low power receive filter 
output. This pin can directly 
drive the receive port of an 
electronic hybrid. 
The input to the receivefilter 
differential power amplifier. 
The non-inverting output of 
the 
receive 
filter 
power 
amplifier. This output can 
directly 
interface 
conven- 
tional transformer hybrids. 
The inverting output of the 
receivefilter power amplifier. 
This output can be used with 
PWRO+ 
to 
differentially 
drive a transformer hybrid. 
The negative power supply 
pin. Recommended input is 
-5V. 
The positive power supply 
pin. The recommended input 
is5V. 
The input pin for the receive 
filter stage. 


Digital ground input pin. All 
digital 
signals 
are 
refer- 


enced to this pin. 


Master input clock. Input fre- 
quency can be selected as 
2.048 MHz, 1.544 MHz or 
1.536MHz. 


The input pin used to power 
down the TP3040/TP3040A 
during idle periods. logic 
1 
(Vccl input voltage causes a 
power down condition. An in- 
ternal pull-up is provided. 


This 
input 
pin selects 
in- 
ternal counters 
in accord- 


ance with 
the elK 
input 
clock frequency: 


Connect ClKO to: 


Vcc 
GNDD 
VBB 
pull-up 
is 


2048kHz 
1544kHz 
1536kHz 
An 
internal 
provided. 


Analog ground input pin. All 
analog 
signals 
are 
refer- 


enced to this pin. Not inter- 
nally connected to GNDD. 


The output of the transmit 
filter stage. 


The TP3040/TP3040A monolithic filter contains four main 
sections; Transmit Filter, Receive Filter, Receive Filter 
Power Amplifier, 
and 
Frequency Divider/Select 
Logic 


(Figure 1).A brief description of the circuit operation for 
each section is provided below. 


Transmit Filter 


The input stage of the transmit filter is a CMOS opera· 
tional amplifier 
which provides an input resistance of 


greater than 10 Mil, a voltage gain of greater than 10,000, 
low power consumption (less than 3 mW),high power sup· 
ply rejection, and is capable of driving a 10kll load in paral· 
lei with up to 25 pF.The inputs and output of the amplifier 
are accessible for added flexibility. 
Non·inverting mode, 


inverting mode, or differential 
amplifier mode operation 


can be implemented with external resistors. It can also be 
connected 
to provide a gain of up to 20 dB without 


degrading the overall filter performance. 


The input stage is followed by a prefilter which is a two· 
pole RC active low pass filter designed to attenuate high 
frequency 
noise 
before 
the 
input 
signal 
enters 
the 


switched·capacitor 
high pass and low pass filters. 


A high pass filter is provided to reject 200Hzor lower noise 
which may exist in the signal path. The low pass portion of 
the switched·capacitor 
filter provides stopband attenua· 
tion which exceeds the 03 and 04 specifications 
as well 


as the CCITT G712 recommendations. 


The output stage of the transmit filter, the postfilter, is 
also a two·pole RCactive low pass filter which attenuates 
clock frequency noise by at least 40 dB. The output of the 
transmit filter is capable of driving a ± 3.2V peak to peak 
signal into a 10 kll load in parallel with up to 25 pF. 


Power Down Control 


A power down mode is also provided. A logic 1 power down 
command applied on the PDN pin (pin 13)will reduce the 
total filter power consumption 
to less than 1 mW and 


clamp the power amplifier outputs to VBB. Connect PDNto 
GNDD for normal operation. 


Frequency Divider and Select Logic Circuit 


This circuit divides the external clock frequency down to 
the switching 
frequency of the low pass and high pass 


switched capacitor 
filters. The divider also contains 
a 


TTL - CMOS interface circuit which converts the external 
TTL clock level to the CMOS logic level required for the 
divider logic. This interface circuit can also be directly 
driven by CMOS logic. A frequency select circuit is provid· 
ed to allow the filter to operate with 2.048 MHz, 1.544MHz 
or 1.536 MHz clock frequencies. By connecting 
the fre· 


quency select pin CLKO(pin 14)to Vcc• a 2.048 MHz clock 
input frequency is selected. Digital ground selects 1.544 
MHz and VBB selects 1.536MHz. 


Gain Adjust 


Figure 2 shows the signal path interconnections 
between 


the 
TP3040/TP3040A and 
the 
TP3020 single·channel 


CODEC.The transmit RCcoupling components have been 
chosen both for minimum passband droop and to present 
the correct impedance to the CODEC during sampling. 


Optimum noise and distortion 
performance will be ob- 


tained from the TP3040/TP3040Afilter when operated with 
system peak overload voltages of ± 2.5Vto ± 3.2Vat VFxO 
and VFRO.When interfacing to a PCM CODEC with a peak 
overload voltage outside this range, further gain or at· 
tenuation may be required. 


For example, the TP3040/TP3040Afilter can be used with 
the TP3000series CODEC which has a 5.5V peak overload 
voltage. A gain stage following the transmit filter output 
and an attenuation stage following the CODEC output are 
required. 


Board Layout 


Care must be taken in PCB layout to minimize power sup· 
ply and ground noise. Analog ground (GNDA)of each filter 
should be connected to digital ground (GNDD) at a single 
point, which should be bypassed to both power supplies. 
Further power supply decoupling adjacent to each filter 
and CODEC is recommended. Ground loops should be 
avoided, both between GNDA and GNDD and between the 
GNDA traces of adjacent filters and CODECs. 


Receive Filter 


The input stage of the receive filter is a prefilter which is 
similar to the transmit prefilter. The prefilter attenuates 
high frequency noise that may be present on the receive 
input signal. A switched capacitor low pass filter follows 
the prefilter to provide the necessary passband flatness, 
stopband rejection and sin xix gain correction. A postfilter 
which is similar to the transmit postfilter follows the low 
pass stage. It attenuates clock frequency noise and pro· 
vides a low output impedance capable of directly driving 
an electronic subscriber·line·interface 
circuit. 


Receive Filter Power Amplifiers 


Two power amplifiers 
are also provided to interface to 
transformer 
coupled line circuits. These two amplifiers 


are driven by the output of the receive postfilter through 
gain setting 
resistors. 
R3, R4 (Figure 2). The power 


amplifiers can be deactivated, when not required, by con· 
necting the power amplifier input (pin 5) to the negative 
power supply VBB. This reduces the total filter power con· 
sumption by approximately 10 mW-20 mW depending on 
output signal amplitude. 
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TP3051, TP3056 Monolithic Parallel Interface 
CODEC/Filter Family 


The TP3051, TP3056 family 
consists 
of a ,,-law and A-law 


monolithic 
PCM CODEClfilter 
set utilizing 
a common 
A/D 


and D/A conversion 
architecture, 
as shown 
in Figure 
1, 


and a unique 
parallel 
I/O logic interface. 


The encode 
portion 
of each device 
consists 
of an input 


gain 
adjust 
amplifier, 
an 
active 
RC 
pre-filter 
which 


eliminates 
very high frequency 
noise 
prior to entering 
a 


switched-capacitor 
band-pass 
filter 
that 
rejects 
signals 
below 
200 Hz or above 3400 Hz. Also 
included 
are auto- 
zero circuitry 
and a companding 
coder which samples 
the 
filtered 
signal 
and encodes 
it in the companded 
,,-Iaw or 


A-law PCM format. The decode portion 
of each device con- 
sists 
of an expanding 
decoder, 
which 
reconstructs 
the 


analog 
signal 
from the companded 
,,-Iaw or A-law code, a 


low-pass 
filter 
which 
corrects 
for the sin x/x response 
of 
the decoder 
output 
and rejects 
signals 
above 3400 Hz. 


The TP3051 ,,-Iaw and TP3056 A-law devices 
are pin com· 
patible 
parallel 
interface 
CODEClfilters 
intended 
to be 


used in conjunction 
with the TP3100 family 
of Digital 
Line 


Interface 
Controllers 
(DUG) in switching 
system 
applica- 


tions. All control, 
clock and signal 
information 
is commu· 


nicated 
between 
the DUC controller 
and up to 32 TP3051 


or TP3056 devices 
via an eight bit I/O port and three con- 


trol lines. 


• 
Complete 
CODEC and filtering 
system 
including: 


-Transmit 
high-pass 
and low-pass 
filtering 


-Receive 
low-pass 
filter with sin xix correction 


-Active 
RC noise filters 
-,,-Iaw or A-law compatible 
COder and DECoder 


-Internal 
precision 
voltage 
reference 


-Parallel 
I/O and control 
interface 


• 
Meets or exceeds 
all D31D4 and CCID 
specifications 


• 
± 5V operation 
• 
Maximizes 
line interface 
card circuit 
density 


• 
Low operating 
power-typically 
50 mW 


• 
Power·down 
standby 
mode-typically 
1 mW 


Dual-In-Line 
Package 


Vaa 
20 
VFxl + 


19 
GNOA 
VFxl- 


18 
VFRO 
GSx 


17 
Vee 
Vee 


16 
CS 
PCM CNTl 


07 
15 
ClK 


14 
06 
00 


13 
05 
01 


04 
12 
02 


10 
11 
GNOO 
03 


TOP VIEW 


FRAME 


TIMING 


CONTROLLER 


Lt~-f-~-------- 
Yoo 
Yoo 
1'B8 
~ 
CS R/W 


GNo 
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TP3052, TP3053, TP3054, TP3057 Monolithic Serial Interface 
CODEC/Filter Family 


The TP3052, TP3053, TP3054, TP3057 family 
consists 
of 


wlaw 
and A-law 
monolithic 
PCM CODEC/filters 
utilizing 


the AID and D/Aconversion 
architecture,shown 
in Figure 
1, 
and a serial 
PCM interface. 


The encode 
portion 
of each device 
consists 
of an input 


gain 
adjust 
amplifier, 
an 
active 
RC 
pre-filter 
which 


eliminates 
very high frequency 
noise 
prior to entering 
a 


switched-capacitor 
band-pass 
filter 
that 
rejects 
signals 


below 
200 Hz or above 3400 Hz. Also 
included 
are auto- 


zero circuitry 
and a companding 
coder which 
samples 
the 
filtered 
signal 
and encodes 
it in the companded 
wlaw 
or 


A-law PCM format. The decode portion 
of each device con- 


sists 
of an expanding 
decoder, 
which 
reconstructs 
the 


analog 
signal 
from the companded 
wlaw or A-law code, a 


low-pass 
filter 
which 
corrects 
for the sin xix response 
of 


the decoder 
output 
and rejects 
signals 
above 3400 Hz. The 
devices require two 1.536/1.544 
M Hz or 2.048 MHz transmit 


and receive 
master 
clocks, 
which 
may be asynchronous, 


transmit 
and receive 
bit clocks, 
which 
are synchronous 


with 
the 
master 
clocks 
but 
may 
vary 
from 
64 kHz 
to 
2.048 MHz, and transmit 
and receive 
frame 
sync pulses. 


The timing 
of the frame sync pulses and PCM data is com- 
patible 
with both industry 
standard 
formats. 


V" 


16 


VFxl+ 


GNOA 


15 


VFxl- 


14 
VF,O 
GSx 


Vcc 


13 


TP3054 
GNOO 


FS, 
TP3057 
12 


FS, 


11 


0, 
0, 


BCLK,I 
7 
10 


CLKSEL 
BCLK, 


MCLK,I 
MCLK, 
PON 


TOP VIEW 


GNOA 
2 


V"O 
3 


Vcc 
4 


FS, 
5 


6 
0, 


BCLK,I 
7 
CLKSEL 


MCLK,I 
B 


PON 
9 
SIG, 


• 
Complete 
CODEC and filtering 
system 
including: 


-Transmit 
high-pass 
and low·pass 
filtering 
-Receive 
low-pass 
filter with sin xix correction 


-Active 
RC noise filters 


-wlaw 
or A-law compatible 
COder and DECoder 
-Internal 
precision 
voltage 
reference 


-Serial 
1/0 Interface 


• 
wlaw with signaling, 
TP3020 (2910) timing- 
TP3052 


• 
wlaw with signaling, 
TP5116A, TP5117A tlmlng- 
TP3053 


• 
wlaw without 
signaling, 
16-pin- 
TP3054 


• 
A-law, 16-pin- 
TP3057 


• 
Meets or exceeds 
all D31D4 and CCITT specifications 


• 
± 5V operation 
• 
Maximizes 
line interface 
card circuit 
density 


• 
Low operating 
power-typically 
50 mW 


• 
Power-down 
standby 
mode-typically 
1 mW 


18 VFxl+ 


17V"I- 


16GS' 


15 GNOO 


14 FS, 


13 Ox 


12 
BCLK, 


11 
MCLK, 


10 
SIG, 


Dual·ln·Line 
Package 


~ 
V" 
1 
20 
v"l+ 


GNOA 
19 
VF,I- 


V"O 
18 
GSx 


Vcc 
17 
GNOO 


FS, 
16 
FS, 


TP3053 
15 
Ox 
0, 


8CLK,1 
7 
14 


CLKSEL 
BCLK, 


MCLK,I 
8 
13 
MCLKx 


PON 


SF, 
12 
SFx 


SIG, 
10 
11 
SIGx 


TOP VIEW 
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Block Diagram 
0 
C")Q.I- 
~IJ') 
0 
C")Q.I- 
R1 


C'f 


ANALOG 
IN 


IJ') 
0 
C")Q.l- 
N 
PCM 


IJ') 


OUT 
0 
C")Q.I- 


ANALOG 
PCM 
OUT 
IN 


R4 


'::" 


SIGNALING {XMT 


CLKS 
RCV 


XMT SIG BIT 


RCV SIG BIT 


.-LAW 
SIGNALING 
CONTROL 
(TP3052 
ONLY) 


TIMING 
ANO 
CONTROL 


I 
I 
I 
I 
5V 
-5V 
GND 
L-i t-4~l- 
TP3052: 
20 PINS 
TP3057: 
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- 
- 
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V" 
A 
0 
XMT 
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CLKS 
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BIT 
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TP3110,TP3120 Digital Line Interface Controllers (DLlC) 


The 
TP3110, TP3120 
Digital 
Line 
Interface 
Controllers 


(DUG) are general purpose switching 
components 
primar- 


ily intended 
to serve as controllers 
of subscriber 
line, serv- 


ice and trunk circuit 
cards of a digital 
switching 
system. 
They are also useful 
as general 
purpose 
data controllers 


for data switching 
and multiplexing 
applications. 


The 
DUC 
performs 
a three-way 
control 
function 
when 


used for digital 
sWitching 
applications. 
The block diagram 


(Figure 
1) displays 
this 
tri-port 
arrangement. 
First, 
the 
DUC controls 
the space and time switching 
function 
be- 


tween 
subscriber 
line PCM CODECs 
and filters 
and the 


switching 
system time division 
multiplex 
(TDM) highways. 


Second, 
the 
DUC 
controls 
the flow 
of 
information 
be- 


tween the per line circuit 
devices and the line card's local 


processor. 
Last, it performs 
all protocol 
control 
functions, 


using the HDLC protocol 
format, 
for information 
passing 


between the local line card processor 
and the main switch- 


ing system 
processor 
(or any other system 
processor). 


The DUC is configured 
with a parallel 
interface 
for the per 
line and local processor 
circuits 
and with full duplex 
mul- 
tiple 
port 
serial 
highways 
for the 
system 
interface. 
All 
system 
related 
communications 
with the DUC controlled 


circuit 
card are handled 
via channel 
assignments 
on the 


serial 
TDM 
interface. 
In this 
way, all system 
data 
com- 


munications, 
subscriber 
PCM, data, signaling 
and system 


control 
information 
are transported 
and switched 
with a 


single 
network. 
This approach 
improves 
the overall 
flex- 


ibility 
and modularity 
of the total 
system 
design. 


The DUC contains 
a time-slot 
memory 
map for up to 128 


duplex 
TDM channels, 
four high speed serial 
port trans- 


ceivers, 
interface 
logic 
to allow 
the 
local 
processor 
to 


communicate 
with 
the per line circuit 
devices 
(combina- 


tion CODEC/filter 
circuits 
and the SUG), a complete 
HDLC 


protocol 
controller 
for system 
control 
messages, 
a vec- 


tored interrupt 
controller 
for the HDLC protocol, 
signaling 


and timing 
control 
and finally, a buffer memory for per line 
signaling 
data. 


• 
A complete 
Interface 
controller 
for up to 32 subscribers 


of a digital 
switching 
system 


• 
Performs 
all 
time 
division 
multiplex 
(TDM) channel 
assignments 
for the circuit 
card it controls 


• 
Provides two (TP3110) or four (TP3120) full duplex 
serial 


TDM highways 
for the system 
interface 


• 
Performs the first stage space and time switching 
func- 


tion to minimize 
hardware 
requirements 
and switching 


delay 


• 
Assignable 
addressing 
plus 
a "broadcast" 
address 


allows 
up to 255 controllers 
per subsystem 
control 


group without 
address 
field overlap 


• 
System control 
uses the HDLC protocol 
with all zero in- 


sertion/deletion, 
checksum 
and flag control 
functions 


performed 
by the DUC 


• 
Single 5V power supply operation 
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TP5087/TP5087 
A, TP5092/TP5092A, 
TP5094/TP5094A 


DTMF (TOUCH·TONE@) Generators 


The TP5087, TP5092 and TP5094 are low threshold 
voltage, 


field-implanted, 
metal 
gate CMOS 
integrated 
circuits. 
The 
devices 
interface 
directly 
to a standard 
telephone 
keypad 
and generate 
all dual tone 
multi-frequency 
pairs 
required 
in tone-dialing 
systems. 
The tone synthesizers 
are locked 


to an on-chip 
reference 
oscillator 
using 
an inexpensive 
3.579545 
MHz crystal 
for high tone 
accuracy. 
The crystal 


and 
an output 
load 
resistor 
are the 
only 
external 
com- 


ponents 
required 
for tone 
generation. 
A MUTE OUT logic 
signal, 
which 
changes 
state when any key is depressed, 
is 
also 
provided. 


• 
2.5V-15V 
operation 
when 
generating 
tones 
(TP5087A, 


TP5092A,TP5094A) 


• 
2V operation 
of keyscan 
and MUTE logic 


• 
Powered 
directly 
from 
telephone 
line 


• 
Interfaces 
with 
standard 
single-contact 
or 
2-of-8 
telephone 
keypad 


• 
Static 
sensing 
of key closures 


• 
On-chip 
3.579545 
MHz crystal-controlled 
oscillator 


• 
On-chip 
regulation 
of tone amplitudes 


• 
High 
group 
and low group 
tones 
generated 
and mixed 
internally 


• 
High group 
pre-emphasis 


• 
Low harmonic 
distortion 


• 
Open emitter-follower 
low-impedance 
output 


• 
SINGLE 
TONE 
INHIBIT 
pin 


TONE 


OISABLE 
Yoo 


Cl 


C2 


C3 


C4 


KEY 


SCAN 


AND 


2 
3 
A 
Rl 
DECODE 
TONE 
OUTPUT 


5 
6 
B 
R2 


8 
9 
C 
R3 
* 
0 
# 
D 
R4 


Absolute Maximum Ratings 


SupplyVoltage(Voo- 
Vss) 
15V 


Maximum 
Voltage 
at Any Pin 
Voo + 0.3V to Vss - 0.3V 


Operating 
Temperature 
- 30·C to + 70·C 


Storage 
Temperature 
- 55·C to + 150·C 


Maximum 
Power Dissipation 
500mW 


Electrical Characteristics 
TA within 
operating 
temperature 
range, 2.5V <Voo< 
10V unless 
otherwise 
stated. 


Parameter 
I 
Conditions 
I 
Min 
I 
Typ 
I 
Max 
I 
Units 


TP5087,TP5092,TP5094 


Minimum 
Supply 
Voltage 
Swing, 
VOO(min) 
Generating 
Tones 
3.5 
V 


Output 
Amplitudes 
RL = 24011 
Low Group 
Voo=3.8V 
430 
mVrms 


Voo= 
10V 
480 
mVrms 


High Group 
Voo=3.8V 
580 
mVrms 


Voo=10V 
650 
mVrms 


Mean Output 
DC Offset 
Vo=3.8V 
2 
V 


Voo= 
10V 
4.2 
V 


TP5087A,TP5092A,TP5094A 


Minimum 
Supply 
Voltage 
Swing, 
Voo (min) 
Generating 
Tones 
2.5 
V 


Output 
Amplitudes 
RL=10011 


Low Group 
Voo=2.5V 
170 
mVrms 


Voo= 
10V 
190 
mVrms 


High 
Group 
Voo= 
2.5V 
230 
mVrms 


Voo= 
10V 
255 
mVrms 


Mean 
Output 
DC Offset 
Voo= 
2.5V 
0.7 
V 


Voo=10V 
2.5 
V 


ALL PARTS 


Minimum 
Supply 
Voltage 
for Keyscan 
2 
V 
and MUTE Logic 
Functions 


Operating 
Current 


Idle 
RL=10kll 
20 
I'A 
Generating 
Tones 
Voo=5V 
2 
mA 


Input 
Pull-Up 
Resistors 
COLUMN 
and ROW (Pull-Down) 
40 
kll 


SINGLE 
TONE 
INHIBIT 
50 
kll 


TONE 
DISABLE 
50 
kll 


MUTE OUT Sink 
Current 
Voo=3V 
0.5 
mA 
(COLUMN 
and ROW Inactive) 
Vo=0.5V 


MUTE OUT Source 
Current 
Voo=3V 
0.5 
mA 
(COLUMN 
and ROW Active) 
Vo=2.5V 


High Group 
Pre-Emphasis 
2.4 
2.7 
3.0 
dB 


Dual Tone/Total 
Harmonic 
Distortion 
Ratio 
1 MHz Bandwidth 
22 
dB 


Start-Up 
Time (to 90% Amplitude) 
5 
ms 
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Voo 


TONE DISABLE 
(XMT 
SW ON T1'5087/ 
A) 


eOl1 


eOl2 


eOl3 


Voo (Pin 1): This is positive 
voltage 
supply 
to the device, 
referenced 
to Vss. The collectors 
of the TONE OUT, and 


XMT SW transistors 
are also connected 
to this pin. 


Vss (Pin 6): This is the negative 
voltage 
supply. 


OSCILLATOR 
(Pins 7 and 8): All tone generation 
timing 
is 
derived 
from 
the 
on-chip 
oscillator 
circuit. 
A low-cost 
3.579545 
MHz 
A-cut 
crystal 
(NTSC 
TV 
color-burst) 
is 
needed between 
pins 7 and 8. Load capacitors 
and a feed- 
back 
resistor 
are included 
on-chip 
for good 
start-up 
and 
stability. 
The oscillator 
stops when both COLUMN 
inputs 
and ROW inputs 
are sensed sequentially 
with no valid in- 
put having 
been detected. 
The oscillator 
is also stopped 
when the TONE DISABLE 
input 
is pulled 
to logic low. 


ROWand 
COLUMN 
Inputs 
(Pins 3, 4, 5, 9, 11, 12, 13, 14): 
When 
no key is pushed, 
pull-up 
resistors 
are active 
on 
COLUMN 
inputs 
and 
pull-down 
resistors 
are active 
on 
ROW inputs. 
Column 
latches 
are ON and ready to store 


column 
key closures. 
After 
a key is pushed, 
the row pull- 


down resistors 
cause a negative-true 
on COLUMN 
inputs 
which 
starts 
the oscillator 
and initiates 
tone generation. 
Negative-true 
logic 
signals 
simulating 
key closures 
can 
also be used. 


TONE 
DISABLE 
Input 
(Pin 2): The TONE DISABLE 
input 
has an internal 
pull-up resistor. When this input is open or 
at logic 
high, 
the 
normal 
tone 
output 
mode 
will 
occur. 
When TONE DISABLE 
input is at logic low, the device will 
be in the inactive 
mode, tone output 
will be at an open cir- 


cuit 
state. 
With 
mask option, 
TONE 
DISABLE 
input 
can 
either 
inhibit 
or not inhibit 
the MUTE function. 


XMT SW Output 
(Pin 2 of TP5087/A 
only): With 
no key in- 
puts, this output 
is pulled 
high by the open emitter 
of an 
NPN transistor. 
Any key entry turns 
off this transistor 
by 
pulling 
its base to Vss. 


MUTE Output (Pin 10): The MUTE output 
is a conventional 
CMOS output 
that sinks current 
to Vss with no valid input 
and sources 
current 
from 
Voo when a valid 
key input 
is 
sensed. 
The MUTE output 
will 
switch 
regardless 
of the 
state of the SINGLE TONE INHIBIT 
input. 


16 TONE OUT 
15 
_ 


SINGLE 
TONE INHIBIT 
14 
ROW 1 


13 ROW 2 


12 
ROW 3 


11 
ROW 4 
10 
MUTE 
OUT 


SINGLE 
TONE INHIBIT 
Input (Pin 15): The SINGLE 
TONE 
INHIBIT 
input 
is used to inhibit 
the generation 
of other 
than valid tone pairs due to multiple 
row-column 
closures. 
It has a pull-up resistor 
to Voo, and when left open ortied 
to 
Voo, single or dual tones may be generated 
in accordance 
with Table II. When forced 
to Vss, any input situation 
that 
would normally 
result in a single tone will now result in no 
tone, with all other chip functions 
operating 
normally. 


TONE OUT (Pin 16): This output 
is the open emitter 
of an 
NPN transistor, 
the collector 
of which is connected 
to Voo. 


When an external 
load resistor 
is connected 
from TONE 
OUT to Vss, the output 
voltage 
on this pin is the sum of the 
high and low group sine-waves 
superimposed 
on a DC off- 
set. When not generating 
tones, 
this output 
transistor 
is 
turned 
OFF to minimize 
the device 
idle current. 


Adjustment 
of the emitter 
load resistor 
results 
in variation 
of the mean DC current 
during 
tone generation, 
the sine- 
wave signal 
current 
through 
the output 
transistor, 
and the 
output 
distortion. 
Increasing 
values 
of 
load 
resistance 
decrease 
both the signal 
current 
and distortion, 
while 
in- 
creasing 
the source impedance 
of the device as seen from 
its power supply terminals. 
Note that the DTMF generator 
is a current 
source 
which 
modulates 
its own supply 
ter- 
minals 
in a conventional 
telephone 
application. 


With no key inputs 
to the device the oscillator 
is inhibited, 
the output 
transistor 
is pulled OFF and device current 
con- 


sumption 
is reduced 
to a minimum. 
Key closures 
are 
sensed statically 
to ensure no modulation 
of the line when 
tones 
are not 
being 
generated. 
A valid 
key closure 
ac- 
tivates 
the MUTE output, 
starts 
the oscillator 
and sets the 
high group and low group 
programmable 
counters 
to the 
appropriate 
divide 
ratio. 
These 
counters 
sequence 
two 
ratioed-capacitor 
D/A 
converters 
through 
a series 
of 28 
equal 
duration 
steps 
per sine-wave 
cycle. 
On-chip 
regu- 
lators ensure good stability 
of tone amplitudes 
with varia- 
tions in supply voltage and temperature. 
The two tones are 


summed 
by a mixer amplifier, 
with 
pre-emphasis 
applied 
to the 
high 
group 
tone. 
The output 
is an NPN 
emitter- 
follower 
requiring 
the addition 
of an external 
load resistor 
to Vss. This resistor 
facilitates 
adjustment 
of the signal 
current 
flowing 
from Voo through 
the output 
transistor. 


Tone 
Valid 
Standard 
Tone Output 
% Deviation 
Group 
Input 
DTMF (Hz) 
Frequency 
from 
Standard 


Low 
R1 
697 
694.8 
-0.32 
Group 
R2 
770 
770.1 
+0.02 
fL 
R3 
852 
852.4 
+0.03 
R4 
941 
940.0 
-0.11 


High 
C1 
1209 
1206.0 
-0.24 
Group 
C2 
1336 
1331.7 
-0.32 
fH 
C3 
1477 
1486.5 
+0.64 
C4 
1633 
1639.0 
+0.37 


SINGLE 
TONE 
TONE 
ROW 
COLUMN 
Tones 
MUTE 
INHIBIT 
DISABLE 
Low 
High 


X 
0 
X 
X 
OV 
OV 
0 


X 
X 
O/C 
O/C 
OV 
OV 
0 


X 
1 
One 
One 
fL 
fH 
1 


1 
1 
2 or More 
One 
- 
fH 
1 


1 
1 
One 
2 or More 
fL 
- 
1 


1 
1 
2 or More 
2 or More 
Vas 
Vas 
1 


0 
1 
2 or More 
One 
Vas 
Vas 
1 


0 
1 
One 
2 or More 
Vas 
Vas 
1 


0 
1 
2 or More 
2 or More 
Vas 
Vas 
1 


Note 1: X is don't care state. 
Nof.2: Vas is the output 
offset voltage. 


Note 3: TONE DISABLE and SINGLE TONE INHIBIT have internal 
pull-up resistors. 
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TP5088 DTMF Generator for Binary Input Data 


This CMOS 
device 
provides 
low cost 
tone-dialing 
capabil- 


ity 
in microprocessor-controlled 
telephone 
applications. 
Binary 
data 
is decoded 
directly, 
without 
the need for con- 


version 
to simulated 
keyboatd 
inputs 
required 
by standard 
DTMF 
generators. 
With 
the TONE 
ENABLE 
input 
low, the 
oscillator 
is inhibited 
and the device 
is in a low power 
idle 


mode. 
On the 
low-to-high 
transition 
of TONE 
ENABLE, 


4-bit binary 
data is latched 
into the device and the selected 


tone pair is generated. 
An open-drain 
N-channel 
transistor 


provides 
a MUTE output 
during 
tone 
generation. 


• 
2.5V-15Voperation 


• 
Direct 
microprocessor 
interface 


• 
Binary 
input 
data with 
latches 


• 
Generates 
16 standard 
tone 
pairs 


• 
On-chip 
3.579545 
MHz crystal-controlled 
oscillator 


• 
High-group 
pre-emphasis 


• 
MUTE output 
interfaces 
to speech 
network 


• 
Low power 
idle mode 
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TP9151, TP9152, TP9156, TP9158 Push Button Pulse Dialer 
Circuits with Redial 


This family 
of monolithic 
metal-gate 
CMOS integrated 
cir- 
cuits 
provides 
all logic 
necessary 
to convert 
4 x 3 matrix 
keypad 
inputs 
into 
a series 
of 
pulses 
simulating 
rotary 
telephone 
dialing. 
An on-chip 
memory 
capable 
of storing 
up to 22 digits 
allows 
keypad 
entries 
to be made 
at rates 


comparable 
to those 
of tone-dialing 
telephones, 
and pro- 
vides one-key 
redial 
of the last number 
dialed. 
For PBX ap- 
plications, 
pauses 
may be inserted 
in a redialed 
number 


sequence 
to ensure 
the user waits 
for dial tone following 


an 
access 
code. 
Two 
outputs 
are 
provided, 
requiring 


simple 
interface 
circuits 
to pulse 
the telephone 
line and 


mute 
the receiver. 


The 
low 
voltage 
and 
low 
current 
requirements 
of 
the 


TP9151 
family 
allow 
direct 
telephone-line 
powered 


operation. 


• 
2.3V and 150 p.A operation 


• 
< 1 p.A on-hook 
current 
to store number 


• 
Low power idle mode when not outpulsing 


• 
Stabilized 
RC oscillator 


• 
< ± 5% frequency 
stability 
with voltage 
and temperature 


• 
22-digit 
redial memory 


• 
Single contact 
or negative-common 
key interface 


• 
BREAK/MAKE 
ratio pin selectable 
(TP9151 and TP9156) 


• 
BREAK/MAKE 
ratio 60:40 (TP9152) 


• 
BREAK/MAKE 
ratio 67:33 (TP9158) 


• 
Inter-Digit 
Pause pin selectable 


• 
Reset delayed 
for line breaks 
<200 
ms 


• * key inserts 
pauses 


• 
# key releases 
redial and pauses 


• 
Scratchpad 
(new number 
storage 
without 
dialing) 
option 


• 
Two-phase 
drive to bistable 
MUTE relay (TP9152) 
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1. TP9151, TP9152, TP9156, TP9158 Pulse 
Dialer 
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Operating 
Temperature 
Range 
- 30·C to 70·C 


Storage 
Temperature 
Range 
- 50·C to 150·C 


Electrical Characteristics 
TA within 
operating 
temperature 
range, 
Vss=GNO, 
2.3V:SVoD1:s5V 
except 
where 


otherwise 
stated. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Supply 
Current 


1001 
V001=V002=5V 
1 
p,A 


1002 (Note 
1) 
V001 = V002 = 5V; Osc On 
150 
p,A 


V001 = V002= 
5V; Osc Off 
2 
p,A 


Inputs 


lOP, 81M, HOOKSWITCH 


Logic 
0 
0.5 
V 


Logic 
1 
Vo02-O.5 
V 


Outputs 


PULSE 
Output 
V001 = V002 = 3V 
Logic 
0 Sink Current 
Vo=0.5V 
2 
mA 


Logic 
1 Leakage 
Current 
Vo=2.5V 
1 
p,A 


MUTE and MUTE Outputs 
V001=V002=3V 
Logic 
0 Sink 
Current 
Vo=0.5V 
2 
mA 


Logic 
1 Source 
Current 
Vo=2.5V 
2 
mA 


CLOCK, 
CLOCK 
Outputs 
Vo02=2.5V 


Logic 
0 Sink Current 
100 
p,A 


Logic 
1 Source 
Current 
100 
p,A 


CLOCK 
IN Leakage 
Current 
20 
nA 


Rowand 
Column 
Pull·Up 
Resistance 
200 
kG 


Keyboard 
Contact 
Resistance 
1 
kG 


Keyboard 
Capacitance 
30 
pF 


Key Oebounce 
Time, 
tOB 
CLOCK 
IN = 18 kHz 
10 
12 
ms 


Clock 
Frequency 
(Note 
2) 
17.3 
19.1 
kHz 


Vo02=3V 
17-8 
18.9 
kHz 


Note 1. Measured after a digit is entered, with 81M, lOP and HOOKSWITCH 
inputs at VSS, all keypad interfaces open-circuit. 


Note 2: Including temperature, voltage and part·t<>partvariations, but not temperature coefficients of external oscillator 
components. 
See FigureS for component 


values. 
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Vss: This 
is the 
negative 
supply 
to the device 
and the 


voltages 
on all other pins are normally 
referenced 
to this. 


VDD1 (common 
with 
VDD2 on TP9158): This is the positive 
supply to the redial memory. Maintaining 
power to this pin 


while 
on-hook 
will 
store 
the 
last 
number 
dialed. 
A low- 


voltage 
detect 
circuit 
will 
reset 
the 
device 
and 
inhibit 
redial if the voltage 
on this pin falls too low for the memory 


cells to retain data. 


VDD~ This is the positive 
supply 
to all other functions 
of 
the device. It may be tied directly 
to VDD1, or may be discon- 
nected 
when on-hook 
in order to reduce on·hook 
leakage 


current. 


CLOCK 
IN, CLOCK and CLOCK: The clock oscillator 
con- 
sists 
of two inverters 
and a comparator 
requiring 
two ex- 
ternal 
capacitors 
and a resistor 
for oscillation. 
All timing 
is referenced 
to this oscillator 
running 
at 18 kHz, typically 
with 
C1 = C2 = 47 
pF and 
R = 390 kO. The 
comparator 
assures 
good frequency 
stability 
over the operating 
volt- 
age and temperature 
ranges. 


Keypad Inputs: 
A valid key entry is defined 
as either con- 
necting 
a single 
row to a single column 
or connecting 
Vss 


simultaneously 
to a single row and a single column. 
In the 


on-hook condition, 
the keypad interfaces 
are disabled 
and 
pulled 
low. On entering 
the off-hook 
condition, 
the keypad 
inputs 
go to a static 
sensing 
mode until a key closure 
is 
sensed. The oscillator 
is then enabled 
and rows and col- 
umns 
are alternately 
scanned 
(pulled 
high, then 
low) to 
verify 
that 
the input 
is valid. 
The key must 
then 
remain 
valid continuously 
for the specified 
debounce 
time before 
the circuit 
will accept 
and decode it and begin outpulsing. 


HOOKSWITCH: 
This 
input 
controls 
the reset of internal 


counters 
and registers. 
Pulling this pin up to VDD1 puts the 


device in the on-hook condition. 
The oscillator 
is stopped, 


all keypad 
pins are pulled 
low and all logic 
functions 
in- 
hibited. 
Taking this pin to Vss resets the device and starts 


the oscillator 
to generate 
an 18 ms MUTE output 
pulse, 


then puts the device 
in standby 
mode with the oscillator 


turned 
off, ready to sense key closures. 
Returning 
this in- 
put 
to VOD1 
at any time 
starts 
a 200 ms delayed 
reset 


counter. 
If Vss is restored 
before 200 ms (as would 
occur 


on a short 
line break) the counter 
is reset and operation 


continues. 
After 
200 ms with 
HOOKSWITCH 
at VDD1 the 


device returns 
to the on-hook 
condition. 


The TP9158 bypasses 
the 200 ms delay reset counter, 
and 


provides 
instead 
two 
HOOKSWITCH 
connections 
ena- 


bling a Schmitt 
trigger 
circuit 
to be made with two external 
resistors 
(Figure 
4). Reset can then 
be delayed 
during 
a 


line 
break 
by 
suitable 
design 
of 
the 
Schmitt 
trigger 


threshold. 


PULSE Output: 
This is an open-drain 
N-channel 
transistor 
intended 
to drive a high-voltage 
interface 
circuit 
to pulse 


the telephone 
line with 
the correct 
BREAK/MAKE 
ratio 


and lOP timing. 
The output 
transistor 
sinks 
current 
only 


during 
pulse BREAK periods. 


PULSE 
Output 
(TP9158 
only): 
This 
is 
an 
open-drain 
P-channel 
transistor 
providing 
the logical 
inverse 
of the 


PULSE output. 
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MUTE Output: 
This CMOS push-pull 
output 
is intended 
to 


drive 
a simple 
interface 
circuit 
to 
mute 
the 
telephone 
speech 
network 
during 
outpulsing. 
Figure 
3 shows 
that 


this output 
is active-high 
for a pre-pulsing 
pause interval 


and throughout 
pulsing 
and inter-digit 
pauses. 
Other tim- 


ing arrangements 
are available 
as options. 


If a capacitively-coupled 
bistable 
relay is used for muting, 


the correct 
initial 
state is ensured 
by an 18 ms MUTE pulse 


generated 
each 
time 
the 
HOOKSWITCH 
input 
is pulled 


low. 


MUTE Output 
(TP9152 only): This is a CMOS push-pull 
out- 


put which 
is the logical 
inverse of MUTE. The pair of anti- 


phase 
outputs 
provide 
voltage 
boost 
to drive 
a capac i- 


tively-coupled 
bistable 
relay on low supply 
voltages. 


lOP/TEST SELECT: The function 
is selected 
by connecting 


this pin as follows: 


Pin Input 
TP9151, TP9152 
TP9156 
TP9158 


VOO2 
IDP = 500 
900 


Vss 
IDP=800 
800 
800 


CLOCK 
IDP = 1000 
500 
500 


CLOCK 
Fast 
Test Mode 


The fast test mode bypasses 
counter 
stages, 
increasing 


the outpulsing 
speed by a factor 
of 225, and the keyscan 


and debounce 
speed by a factor 
of 9. 


Note 
that 
this 
input 
is read and 
latched 
only 
during 
a 
HOOKSWITCH 
reset. Also, this input must not be allowed 
to "float" 
as no pull-up/pull-down 
resistor 
is provided. 


BREAK/MAKE 
SELECT 
(not 
on TP9152 or TP9158): The 
BREAK/MAKE 
ratio on the TP9151 and TP9156 is selected 


by connecting 
this pin as follows: 


Pin Input 
B/M Ratio 


VOO2 
67:33= 
2:1 


CLOCK 
61.5:38.5 = 1.6:1 


Vss 
60:40 = 
1.5:1 


On the TP9152 the BREAK/MAKE 
ratio is internally 
fixed at 


60:40. On the TP9158 the BREAK/MAKE 
ratio is internally 
fixed at 67:33. Note that this input is read and latched only 
during a HOOKSWITCH 
reset. Also, this input must not be 


allowed 
to 
"float" 
as 
no 
pull-up/pull-down 
resistor 
is 
provided. 


The time base for the TP9151 family 
is derived 
from an in- 


verter/comparator 
circuit 
requiring 
two external 
capaci- 


tors and one resistor 
to set the oscillation 
frequency. 
The 


comparator 
greatly reduces the variation 
of oscillation 
fre- 


quency 
with 
suppiy 
voltage 
and 
temperature 
normally 


associated 
with CMOS RC oscillators. 
In the on-hook con- 
dition, 
the 
oscillator 
is stopped 
and 
the 
keypad 
scan 
disabled. 


After going off-hook, 
the oscillator 
turns on to generate 
an 
18 ms MUTE reset pulse, then turns off. The keypad inputs 
go to a static 
sensing 
mode. 
On sensing 
a single 
key 


closure, 
the oscillator 
starts, 
and row and column 
inputs 
are alternately 
scanned 
at a 250 Hz rate. When a valid key 
closure 
is sensed for the required 
debounce 
time, the key 
is written 
into memory and outpulsing 
begins 
for that key. 


Further 
valid keys are entered 
in sequence 
up to a maxi- 
mum of 22. If no further 
key is entered, 
following 
the IDP, 


the oscillator 
will stop and the key inputs 
will return to the 
static 
sensing 
mode awaiting 
further 
keys or a return 
to 
the on-hook 
condition. 


By maintaining 
power to the device while on-hook, the last 


number 
dialed 
is stored 
in memory. Upon going off-hook, 


the stored number can be automatically 
redialed 
byenter- 


ing # as the first 
key. Entry of any digit 
as the first 
key 


following 
off-hook 
clears 
the redial 
memory 
and enters 
digits 
in sequence, 
starting 
at location 
1. The on-hook 


reset of the device is delayed 
for 200 ms to protect 
a dial- 
ing sequence 
against 
short 
loop breaks. 
The device 
will 
also reset if V001 falls to a voltage 
too iow for the memory 
cells to retain data. 


The· 
key enables 
the user to enter and store a pause in a 
manually 
dialed number sequence. 
Both manual and auto- 


matic 
dialing 
will stop on reaching 
this pause. The # key 


will 
release 
the pause and allow 
outpulsing 
to continue. 
Pauses 
may be stored 
in any memory 
location, 
but the 
number 
of pauses 
plus 
digits 
cannot 
exceed 
22. Each 
pause requires 
a # entry to release 
it. 


As a mask option, 
the· 
key can be set up to provide entry 
to the Scratchpad 
feature, 
which allows 
the memory to be 
overwritten 
with 
a new telephone 
number 
without 
that 


number 
being outpulsed 
and without 
muting. 
Scratch pad 
mode can be entered 
directly 
after going off-hook 
or dur- 


ing a conversation 
by keying 
•• 
followed 
by the 
next 
desired 
number. The new number can only beoutpulsed 
by 
returning 
on-hook, 
then 
off-hook, 
followed 
by the # key, 


which 
will 
redial the stored 
number 
as normal. 
Selecting 
the Scratchpad 
option 
still provides 
pause storage 
with a 
• entry, provided 
the next key is a digit. 


Various 
timing 
options 
are available 
for PULSE and MUTE 
outputs. 
PopUlar 
BREAK/MAKE 
ratios 
and 
Inter·Digit 


Pause periods 
can be pin-selected. 


The TP9151 pulse dialer 
family 
may be set up to drive a 
pulsing 
loop either 
in series 
or in shunt 
with 
the speech 
network. 
A typical 
series dialer is shown in Figure 
5. In this 
circuit, 
the dialer 
is fed from a current-limited 
source of a 
minimum 
of 200 p.A to allow a safe margin 
for the device, 


plus the zener and HOOKSWITCH 
resistor 
currents. 


To take maximum 
advantage 
of the low current 
consump- 


tion of the TP9151 family, 
particularly 
in the on-hook, 
last- 


number-stored 
mode, all other current 
paths must be mini- 


mized. These include 
leakage of the decoupling 
capacitor 
and reverse leakage of current 
through 
the current 
source 


to ground via the speech network. 
A zener diode with very 


low leakage 
current 
below the conduction 
"knee" 
should 
be specified. 
If on-hook 
current 
is drawn 
from 
the tele- 


phone line, reverse leakage of the two back-biased 
diodes 
in the rectifier 
bridge 
must also be considered. 
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Dialer Application 


TP50981/TP50981 A, TP50982/TP50982A, 
TP50985/TP50985A 


Push Button Pulse Dialer Circuits 


This family 
of monolithic 
CMOS circuits 
provides 
all logic 


necessary 
to 
convert 
keyboard 
inputs 
into 
a series 
of 


pulses 
simulating 
rotary 
telephone 
dialing. 
An 
on-chip 


memory 
capable 
of storing 
up to 17 digits 
allows 
keyboard 


entries 
to be made 
at rates 
comparable 
to those 
of tone- 


dialing 
telephones 
and provides 
one-key 
redial 
of the last 


number 
dialed. 
The keyboard 
inputs 
interface 
directly 
to a 


standard 
2-of-7 keypad 
with 
positive-common 
or an inex- 


pensive 
form 
A-type 
keyboard. 
Two outputs, 
one for puls- 
ing the telephone 
line and one to mute 
the 
receiver, 
are 


provided 
along 
with 
pin selectable 
Break/Make 
ratios 
and 


an on-chip 
voltage 
regulator. 
The low voltage 
and low cur- 


rent requirements 
of these devices 
allow 
direct 
telephone 


line powered 
operation. 


• 
TP50981/TP50981A, 
TP50985/TP50985A 
for pulsing 
loop 


in shunt 
with 
speech 
network 


• 
TP50982/TP50982A 
for 
pulsing 
loop 
in 
series 
with 
speech 
network 


• 
1.7V, 
150 
p.A 
operation 
TP50981A, 
TP50982A 
and 


TP50985A 


• 
Single-contact 
or positive-common 
key inputs 


• 
Break/Make 
ratio 
pin selectable 


• 
On-chip 
voltage 
regulator 


• 
On-chip 
oscillator 
using 
480 kHz ceramic 
resonator 


• 
Scratchpad 
(new 
number 
storage 
without 
dialing) 
on 


TP50985/TP50985A 


• 
10/20 pps option 
on TP50985/TP50985A 
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Connection Diagram (Dual-In-Line 
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Order 
Number 
TP50981N, 
TP50981AN, 


TP50982N,TP50982AN, 
TP50985N 
or TP50985AN 


BREAKIMAKE SElECT 


* 10/20 pps select 
input on TP50985/TP50985A 


Absolute Maximum Ratings 


DC Supply 
Voltage 
(Voo-Vss) 
6.2V 


Voltage 
on Any Pin 
Voo + 0.3V to Vss - 0.3V 


Operating 
Temperature 
- 30·C to + 70·C 


Storage 
Temperature 
-55·Cto 
+150·C 


Maximum 
Power Dissipation 
(25·C) 
500mW 


DC Electrical Characteristics 


TA within 
operating 
temperature 
range, voo min "Voo,,6.0V, 
unless 
otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Voo Min DC Supply 
Voltage 


TP50981, TP50982, 
TP50985 
Pin 1 Ref. Pin 6 
2.5 
V 


TP50981 A; TP50982A, 
TP50985A 
1.7 
V 


Memory 
Retention 
Current 


TP50981, TP50982, 
TP50985 
Voo = 2.5V, Notes 
1 and 2 
0.7 
2.4 
p.A 


TP50981A, 
TP50982A,TP50985A 
Voo = 1.7V, Notes 
1 and 2 
0.5 
1.0 
p.A 


DC Operating 
Current 
Off·Hook, 
Valid 
Key, VREF 
Tied to Vss 
100 
150 
p.A 


VREF Sink Current 
Voo=5.0V 
1.0 
mA 


MUTE Sink Current 
Voo=VooMin, 
Vo=0.5V 
0.5 
2.0 
mA 


PULSE Sink Current 
Voo=VooMin, 
Vo=0.5V 
1.0 
4.0 
mA 


MUTE and PULSE 
Leakage 
Voo=6.0V, 
Vo=6.0V 
0.001 
1.0 
p.A 


Keyboard 
Contact 
Resistance 
1.0 
kll 


Keyboard 
Capacitance 
30 
pF 


Logic 
'0' Level Input 
Vss 
0.2 Voo 
V 


Logic 
'1' Level 
Input 
0.8 Voo 
Voo 
V 


Keyboard 
Pull-Up 
Resistance 
4.0 
kll 


Keyboard 
Pull·Down 
Resistance 
100 
kll 


HOOKSWITCH 
Pull·Up 
Resistance 
100 
kll 


Note 1: On-hook mode, VREF tied to VSS, all outputs open. 


Note 2: Power-on reset and low-yoltage-detect 
circuits inhibit the redial function if the supply voltage falls below VOO Min. 


AC Electrical Characteristics 


TA within 
operating 
temperature 
range, 
Voo min"Voo,,6.0V, 
unless 
otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Oscillator 
Frequency 
Anti·Resonant 
Mode 
480 
kHz 


Keyboard 
Debounce 
Time 
OSC IN = 480 kHz 
9 
11 
ms 


Oscillator 
Start·Up 
Time 
Voo=VooMin 
5.0 
ms 


Pulse 
Rate 
10.0 
pps 


Break Time 
Pin 9 @ Voo 
61.0 
ms 


Pin 9 @ Vss 
67.0 
ms 


In1erdigit 
Pause 
800 
ms 


<t 
It) 
co 
Q)o 
It) 
a- 
•••• 
Ln 
CO 
Q)o 
It) 
a- 
••••<i 
C'\I 
CO 
Q)o 
It) 
a- 
••••- 
C'\I 
CO 
Q)o 
It) 
a- 
••••~ 
<t;; 
Q)o 
It) 
a- 
••••-;; 
Q) 


~a- 
•••• 


The time 
base 
for this 
family 
of pulse 
dialers 
is derived 
from 
a 480 kHz ceramic 
resonator 
in anti-resonant 
mode. 


In the on-hook 
condition, 
the oscillator 
is stopped 
and all 
keyboard 
row and column 
inputs 
are forced 
to VDD which 
inhibits 
any key closures 
from 
effecting 
the circuit. 
After 
going 
off-hook 
the osci lIator 
remai ns off and the keyboard 


inputs 
go to a static 
sensing 
mode. Upon sensing 
a single 


key closure, 
the oscillator 
starts, 
and the row and column 


inputs 
are alternately 
scanned 
at a 500 Hz rate. When 
the 


circuit 
senses 
a 
valid 
key 
closure 
for 
the 
required 
debounce 
time, 
the 
key is written 
into 
memory 
and out- 
pUlsing 
begins 
for that key. Further 
valid 
keys are entered 


in sequence, 
provided 
that 
no more than 
17 digits 
remain 


to be outpulsed. 
If no further 
key is entered, 
following 
the 
IDP the oscillator 
will stop and the key inputs 
wili return 
to 
the static 
sensing 
mode awaiting 
further 
keys or a return 


to the 
on-hook 
condition. 
By maintaining 
power 
to the 
device 
while 
on·hook, 
the 
last 
number 
dialed 
(up to 
17 


digits) 
is 
stored 
in 
the 
memory. 
On 
going 
off-hook 


(HOOKSWITCH 
goes 
to Vss) the 
stored 
number 
can 
be 
automatically 
redialed 
by entering 
either' 
or # as the first 


key (TP509811TP50981A 
and TP50982/TP50982A). 
Entry of 


any 
digit 
as the 
first 
key 
foliowing 
off-hook 
clears 
the 


redial 
memory 
and enters 
digits 
in sequence, 
starting 
at 
location 
1. 


The 
• 
key 
on 
the 
TP50985/TP50985A 
is 
redefined 
to 


provide 
entry to the Scratchpad 
feature. 
This mode ai lows 
the 
outpulsing 
memory 
to 
be 
overwritten 
with 
a new 
telephone 
number 
without 
that 
number 
being 
outpulsed. 


Scratchpad 
mode 
can 
be 
entered 
directly 
after 
going 


off-hook 
or during 
a conversation 
by keying' 
followed 
by 
the next desired 
number. 
The new number 
can only be out- 


pulsed 
by returning 
on-hook, 
then off-hook 
followed 
by the 


# key, which 
will 
redial 
the last number 
as normal. 


The TP50985/TP50985A 
also enables 
the user to select 
an 


output 
pulse 
rate of either 
10 pps by connecting 
pin 2 to 


ground 
or 20 pps by connecting 
pin 2 to VDD. On this 
ver- 


sion VREF is connected 
to Vss internally. 


VDD (pin 1): This is the positive 
supply 
to the device 
and is 


referenced 
to Vss (pin 6). The voltage 
on this 
pin must 
be 
limited 
to 
less 
than 
6V either 
externally 
or by current- 
limiting 
the supply 
to the on-chip 
voltage 
regulator. 
In the 
last-number-stored 
mode a minimum 
of 11'-Aof supply 
cur· 
rent must 
be available 
to this 
pin whiie 
on-hook. 


VREF(pin 2): In normal 
applications, 
this 
pin is tied to Vss 


(pin 6) which 
enables 
the on-chip 
voltage 
regulator 
circuit. 


When VREFis tied to Vss, the voltage 
reguiator 
will provide 


a current 
sink from 
VDD to Vss of a minimum 
of 1 mA with 


VDD equal 
to 5V. 


KEYBOARD 
INPUTS(pins 
3, 4, 5, 11, 12, 13, and 14): A valid 


key entry 
is defined 
as either 
connecting 
a single 
row to a 


single 
column 
or 
connecting 
VDD simultaneously 
to 
a 


single 
row and a single 
column. 
This 
allows 
direct 
inter- 


face 
to an inexpensive 
single-contact 
(form 
A) keyboard, 


the 
standard 
2-of-7 
keyboard 
with 
positive-common, 
or 
logic-generated 
inputs. 


In the 
on-hook 
condition 
[HOOKSWITCH/TEST 
(pin 
15) 
connected 
to 
VDDJ the 
keyboard 
inputs 
are 
disabled 
and pulled 
high. Upon entering 
the off-hook 
condition 
the 
keyboard 
inputs 
go to a static 
sensing 
mode 
untii 
a key 
closure 
is sensed. 
The 
oscillator 
is then 
enabled 
and 
the 
rows 
and 
columns 
are 
alternately 
scanned 
(pulled 
high, then low) to verify that the input is valid. The key must 
then remain 
valid continuously 
for the specified 
debounce 
time before 
the circuit 
wiil accept 
and decode 
it and begin 
outpulsing. 


Vss (pin 6): This is the negative 
supply. 


OSCILLATOR 
IN, OUT (pins 7, 8): The device 
contains 
an 
on-chip 
oscillator 
circuit 
designed 
to work 
with 
a 480 kHz 
ceramic 
resonator 
(anti-resonant 
mode) 
and 
2 external 
capacitors, 
normally 
100 pF. A 1 Mil resistor 
is included 
on- 
chip 
for good 
oscillator 
stability. 
The circuit 
may also 
be 
driven with an external 
480 kHz source 
on ascI 
LLATOR 
IN 
(pin 7). 


BREAK/MAKE 
SELECT 
(pin 9): The Break/Make 
ratio 
is 
selected 
by connecting 
pin 9 to either 
VDD or Vss. Table 
I 
indicates 
the available 
ratios. 


Input to BREAK/MAKE(pin 
9) 
PULSE OUTPUT 
Break 
Make 


VDD 
61% 
39% 


Vss 
67% 
33% 


MUTE 
(pin 
10): This 
pin 
is the 
output 
of 
an open-drain 
N-channeltransistor. 
It drives 
a simple 
interface 
circuit 
to 
mute 
the 
receiver 
during 
outpulsing. 
See the timing 
dia- 
gram 
and application 
notes 
for further 
information 
con- 
cerning 
this 
output. 


HOOKSWITCH/TEST 
(pin 
15): This 
input 
has 
a 100 kll 


internal 
pull-up 
resistor 
to VDD. Allowing 
this 
pin to float, 


or connecting 
a VDD level puts 
the circuit 
in the on-hook 
idle mode. 


With this pin connected 
to Vss the circuit 
is in the off-hook 
mode and will accept 
keyboard 
inputs, 
and outpulse 
them 
at the 
normal 
10 pps 
rate. When 
the outpulsing 
is com· 
plete, the oscillator 
stops 
and waits 
for further 
key inputs. 


If, however, 
pin 15 is taken 
to VDD while 
the circuit 
is still 
outpulsing 
the remaining 
digits 
will 
be outpulsed 
at 100 
times 
the normal 
rate (BREAK/MAKE 
becomes 
50%). This 
allows 
for rapid 
testing 
of the device 
and also 
provides 
a 
means 
for resetting 
the circuit 
if power 
to the device 
is 
maintained 
while 
on-hook. 
(Note: 
Taking 
the worst-case 
of 17 zeros remaining 
to be outpulsed, 
this operation 
could 
take 300 ms to complete. 
Therefore, 
to ensure 
that the cir- 
cuit 
has been properly 
reset, 
pin 15 should 
remain 
at VDD 
for more than 
300 ms before 
entering 
a new number.) 


PULSE OUTPUT (pin 16): The pulse 
output 
consists 
of an 
open-drain 
N-channel 
transistor. 
It is intended 
to drive 
a 
transistor 
interface 
circuit 
to pulse the telephone 
line with 
the correct 
Break/Make 
ratio, 
IDP timing, 
and pulse 
rate. 
On the TP50981/TP50981A, 
TP50985/TP50985A 
this output 
is normally 
low and puises 
high. On the TP50982/TP50982A 
the output 
is normally 
high 
and pulses 
low. See Figure 
2 


for further 
details 
of the timing 
differences 
between 
the 
parts. 


Applications 
Information 


The 
TP509811TP50981A, 
TP50985/TP50985A 
PULSE 
out· 


put is designed 
to drive a pulsing 
loop circuit 
in shunt 
with 


the 
speech 
network, 
as shown 
in Figure 
3. During 
out· 


pulsing 
the MUTE circuit 
is turned 
off to isolate 
the speech 


network 
from 
the line. VT2 and VT3 conduct 
during 
MAKE 


periods, 
R1 adjusts 
telephone 
pulsing 
resistance. 
VT2 and 


VT3 turn 
off during 
BREAK 
periods, 
loop 
current 
is then 


the sum of the device 
supply 
current, 
plus 
R2 and R3 cur· 


rents. These currents 
should 
be designed 
to meet the sys· 


tem maximum 
BREAK 
current 
specification, 
where 
appli· 


cable. 
The on·chip 
voltage 
regulator 
enables 
the device 
to 


be fed from a current·limited 
supply 
of 150 p.Aminimum, 
as 


shown 
in Figure 
3. 


The TP509821TP50982A 
PULSE 
output 
is designed 
for a 


series 
pulsing 
loop, as shown 
in Figure 
4. In this case the 


MUTE 
circuit 
isolates 
only 
the 
receiver, 
so that 
current 


flows 
through 
the speech 
network 
while 
outpulsing 
MAKE 


periods. 
VT3 cuts 
off this 
current 
during 
BREAK 
periods. 


To take maximum 
advantage 
of the low current 
consump· 


tion of the TP50981 A, TP50982A, 
TP50985A 
in the on·hook, 


last·number·stored 
mode, 
all other 
current 
paths 
must 
be 
minimized. 
These 
include 
leakage 
of the decoupling 
ca· 
pacitor 
C1, and reverse 
leakage 
of current 
through 
the cur· 
rent source, 
which 
could 
flow 
to ground 
via the transistor 
interface 
circuits 
and speech 
network. 
If on·hook 
current 
is drawn 
from 
the telephone 
line, 
reverse 
leakage 
of the 
two back·biased 
diodes 
in the rectifier 
bridge 
must also be 
considered. 
Virtually 
the full 
station 
battery 
voltage 
may 


appear 
across 
these 
diodes 
in the on·hook 
condition 
of 
Figures 
3 and 4, hence 
the diodes 
should 
be specified 
for 
minimum 
leakage 
current 
at 50V reverse 
bias 
and 
maxi· 
mum operating 
temperature. 


Ceramic 
resonators 
for 
the 
oscillator 
circuit 
can 
be 
obtained 
from 
various 
companies 
including 
muRata, 


Toko, 
Vernitron 
and 
Radio 
Materials 
Corporation. 
The 
anti·resonant 
frequency, 
fa, should 
be 
480 
kHz. 
Note 


that 
resonators 
are often 
referred 
to 
by their 
resonant 


frequency, 
fr, 
which 
is 
typically 
15 kHz-25 
kHz 
lower 


than 
fa. Consult 
manufacturers' 
data 
for 
specifications 
and tolerances. 
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TP5395, TP53125 DTM F (TOUCH TON E®)Generators 


The TP5395 and TP53125 are low threshold 
voltage, 
ion- 


implanted, 
metal-gate 
CMOS 
integrated 
circuits 
that 


generate 
all dual 
tone 
mUlti-frequency 
(DTMF) pairs 
re- 


quired 
in tone-dialing 
systems. 
The 8 audio 
output 
fre- 


quencies 
are generated 
from 
an on-chip 
3_579545 MHz 


master oscillator. 
No external 
components 
other than the 


crystal 
are required 
for the oscillator. 
The TP5395 and 


TP53125 can 
be powered 
directly 
from 
telephone 
lines 


over wide range loop conditions_ 
The TP53125 interfaces 


to an inexpensive 
single-contact 
calculator 
type keypad. 


The TP5395 
interfaces 
to 
a standard 
telephone 
2-of-8 


keypad. 


• 
Powered directly 
from telephone 
line 


• 
Low voltage 
operation 
to 3.5V 


• 
Uses inexpensive 
3.579545 MHz crystal 


• 
Tone accuracy 
better than 
± 1% without 
tuning 


• 
Operation 
with either 
single-contact 
or 2-of·8 keypads 


• 
Excellent 
thermal 
and voltage 
stability 


• 
High band pre·emphasis 


• 
Multi·key 
lockout 
with single 
tone capability 


• 
Mute switch 
output 


• 
BCD interface 
mode 


Block and Connection Diagrams 


OSC 
OUT 


Vss 


OSC 
2 
IN 


NC 
ose 
4 
OUT 


MUTE 


18 
VOO 


17 
TONE 


16 
FILTER 


15 
XMIT 


14 
KB CONTROL 


TOP VIEW 
FIGURE 
1b 
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~ 
Absolute Maximum Ratings 
""C 
CJ'1 
Voltage 
at Any Pi n 
Vss - 0.3V to Voo + 0.3V 
(,.) 


Operating 
Temperature 
Range 
- 30'C 
to + 70·C 
<0 


Storage 
Temperature 
Range 
-55·Cto 
+ 150'C 


",CJ'1 


Voo-Vss 
6.5V 
~ 
""C 
Lead Temperature 
(Soldering, 
10 seconds) 
300·C 
CJ'1 
(,.) 
~ 
Electrical Characteristics 
~ 
CJ'1 


TA within 
operating 
temperature 
range, 
3.5V" 
Voo- 
Vss,,6V, 
unless 
otherwise 
specified 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Input 
Pull-Up 
Resistor 
at Column 
Inputs 
V1N=VSS 
100 
400 
kO 


Input 
Pull-Down 
Resistor 
at XMIT 
V1N=VOO 
100 
400 
kO 


Internal 
Resistor 
at Row Inputs 


To Voo (TP5395) 
V1N=VSS 
100 
400 
kO 


To Vss (TP53125) 
V1N=VOO 
100 
400 
kO 


Keypad 
Contact 
Resistance 
1 
kO 


Input 
Voltage 
Levels 


Logical 
"1" 
Voo-0.25 
Voo 
V 


Logical 
"0" 
Vss 
Vss + 0.25 
V 


Output 
Voltage 
Swings 
at TONE 
Voo-Vss=3.5V, 


OUTPUT 
RL2:5000 


Low Band 
Only 
820 
mVp-p 


High 
Band Only 
1000 
mVp-p 


High 
Band 
Pre-Emphasis 
2 
dB 


Harmonic 
Distortion 
RL2: 5000 


No External 
Filtering 
-19 
dB 


With 
1000 pF at Filter 
-27 
dB 


Tone Frequency 
Deviation 
1.0 
% 


Operating 
Frequency 
3.579545 
MHz 


Key Debounce 
Time 
2 
4 
ms 


Power 
Dissipation 
Voo - Vss = 6V, 
50 
mW 


RL=5000 


Output 
Current 
Level at MUTE 
VOO- 
Vss= 
3.5V 


Logical 
"1" 
VOUT= 
VOO- 
0.2V 
20 
p.A 


Logical 
"0" 
VOUT= 
Vss+ 0.5V 
2.0 
mA DI 


A functional 
block 
diagram 
of the TP5395 (or TP53125) is 


shown 
in Figure 
1a, and a connection 
diagram 
is shown 
in 


Figure 
1b. The oscillator 
will start 
immediately 
upon power 


being 
applied. 
When 
a key is pressed, 
both 
output 
tones 


start 
from 
zero on the negative 
half cycle 
after 
a 2 ms to 
4 ms key debounce 
period. 
If 2 or more 
keys are pressed 


together, 
one or both 
tones 
will 
be switched 
OFF accord- 


ing to the functional 
truth table, Figure 
2a. Output 
frequen- 
cies and accuracies 
are shown 
in Figure 
2b. 


The KB CONTROL 
input 
is used 
to change 
the interface 


from keyboard 
to BCD according 
to Figure 
3. In the BCD in- 


terface 
mode, 
tone 
pairs 
are generated 
corresponding 
to 


the input 
BCD code 
on the row inputs 
(Figure 
4) and are 


enabled 
during 
the period XMIT is high. By appropriate 
use 


of the column 
inputs 
during 
this 
mode, 
individual 
tones 


can be generated 
for test or signaling 
purposes. 


A MUTE output 
is prOVided to electronically 
control 
com- 


mon key functions 
such 
as switching 
out the transmitter 


and switching 
a muting 
resistor 
to the receiver. 


The sum of the 2 sine waves 
is provided 
at the TONE 
out- 


put. A FILTER 
connection 
is available 
for access 
to the 


base of the output 
emitter 
follower 
for efficient 
filtering 
of 


the output 
waveform. 
A 500 pF capacitor 
produces 
a total 
harmonic 
distortion 
20 dB below 
the in-band 
power 
with- 
out degrading 
high band pre-emphasis 
foroperation 
in the 


North 
American 
telephone 
system. 
The 
TONE 
output 


signal 
amplitude 
varies 
directly 
with the Voosupply. 
Using 


a zener diode 
to clamp 
this supply 
near the low end of the 


line variation 
and the output 
circuits 
shown 
in Figures 
5 


and6generatesa 
line current 
signal 
amplitude 
that will re- 


main 
constant 
with 
line 
voltage 
variations. 
Typical 
per- 


formance 
of this 
circuit 
is shown 
in Figure 
7. In order 
to 


a. 
quency 
components 
at 1U kHz and above the output, 
addi· 
•••• 
tional 
external 
filtering 
is required 
as shown 
in Figure 
8. 


Ilf 
0) 
('I) 
II) 
Q. 
•••• 


row and column 
connections 
for both 
types 
of keypads. 
Timing 
waveforms 
are shown 
in Figure 
10. 


Row 
Column 
Low Band 
High 
Band 


None 
None 
DC 
DC 


One 
One 
fL 
fH 


None 
One 
DC 
fH 


One 
None 
fL 
DC 


Two or more 
None 
DC 
DC 


Two or more 
One 
DC 
fH 


None 
Two or more 
DC 
DC 


One 
Two or more 
fL 
DC 


Two or more 
Two or more 
DC 
DC 


Desired 
Actual 
Percent 
Inputs 
Freauencies 
Frequency 
Deviation 
fL(Hz) 
fH(Hz) 
(Hz) 


R1 
697 
- 
699.1 
0.306 


R2 
770 
- 
766.2 
-0.497 


R3 
852 
- 
847.4 
-0.536 


R4 
941 
- 
948.0 
0.741 


C1 
- 
1209 
1215.9 
0.569 


C2 
- 
1336 
1331.7 
-0.324 


C3 
- 
1477 
1471.9 
-0.35 


C4 
- 
1633 
1645.0 
0.736 


KB CONTROL 
XMIT 
Interface 
Mode 


0 
Open 
Keypad 


1 
0 
Idle 


1 
1 
Send tones 


Frequencies 
XMIT 
C1 
C2 
R1 
R2 
R3 
R4 
Generated 
fLlHz) 
fH(Hz) 


0 
X 
X 
X 
X 
X 
X 
DC 
DC 


1 
Open 
Open 
0 
0 
0 
0 
941 
1336 


1 
Open 
Open 
0 
0 
0 
1 
697 
1209 


1 
Open 
Open 
0 
0 
1 
0 
697 
1336 


1 
Open 
Open 
0 
0 
1 
1 
697 
1447 


1 
Open 
Open 
0 
1 
0 
0 
770 
1209 


1 
Open 
Open 
0 
1 
0 
1 
770 
1336 


1 
Open 
Open 
0 
1 
1 
0 
770 
1477 


1 
Open 
Open 
0 
1 
1 
1 
852 
1209 


1 
Open 
Open 
1 
0 
0 
0 
852 
1336 


1 
Open 
Open 
1 
0 
0 
1 
852 
1477 


1 
0 
Open 
fL 
DC 


1 
Open 
0 
Valid 
BCD Inputs 
DC 
fH 


1 
0 
0 
DC 
DC 


FIGURE 
4. 
Functional 
Truth Table for Signal 
Interface 
Mode 
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Note 1: All S switches are common with hookswitch. 


Note 2: All K switches are common with KB. 


Note 3: Switches shown in OFF hook and KB depressed positions. 
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~National 
~ 
Semiconductor 


TP5393, TP5394, TP53143, TP53144 
Pushbutton Pulse Dialer Circuits 


The TP5393, TP5394, TP53143 and TP53144 are low thresh- 
old 
voltage, 
ion-implanted, 
metal-gate 
CMOS 
integrated 


circuits 
that 
convert 
pushbutton 
inputs 
into 
a series 
of 


pulses 
to simulate 
a telephone 
rotary 
dial. 
Pushbutton 
in- 


puts 
require 
the use of a simple, 
low cost 
single 
contact 


calculator 
type keypad. 
An inexpensive 
RC oscillator 
net- 


work 
is used 
as the frequency 
reference. 
Storage 
is pro- 
vided 
for 21 digits. 
A redial 
feature 
via use of the # key is in- 
cluded. 
An interdigit 
pause 
can be externally 
selected 
as 


either 
420 ms or 840 ms. A mute output 
is provided 
to mute 
receiver 
noise during 
outpulsing. 
No muting 
occurs 
during 


the interdigit 
pause, 
thereby 
allowing 
the user to hear any 


busy or error condition 
arising 
during 
the call. The TP5393 
and TP53143 provide 
a pacifier 
tone of 600 Hz every time a 
key is depressed. 
The TP5393 
and TP5394 
provide 
a 1.6:1 


break/make 
ratio. 
The TP53143 and TP53144 
provide 
a 2:1 


break/make 
ratio. 


• 
Direct 
line powered 
operation 


• 
Low voltage 
operation 
to 2V 


• 
Low cost 
RC OSCillator 


• 
Single 
contact 
keypad 


• 
21-digit 
storage 


• 
Selectable 
interdigital 
pause 


• 
Redial 
of last number 


• 
600 Hz tone (available 
in TP5393 
and TP53143) 


OSC. AND 
TIMING 
CONTROL 
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lOP 
HOOK 
SelECT 
SWITCH 


YVllc::lyt:: 
c::ll Mtly 
rill 
vSS 
- 
U.JY 
lU VOO + U.JV 


Operating 
Temperature 
Range 
- 30'C 
to + 70'C 


Storage 
Temperature 
Range 
-55'Cto 
+ 150'C 


Voo-Vss 
6.5VMax 


Lead Temperature 
(Soldering, 
10 seconds) 
300'C 


Electrical Characteristics 
TA within 
operating 
temperature 
range, 
Vss=GND, 
2V"Voo,,5.5V 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Input 
Voltage 
Levels 
at 


lOP Select, 
HK SW, K1-K4 


Logical 
"1" 
Voo-0.25 
Voo 
V 


Logical 
"0" 
Vss 
Vss + 0.25 
V 


Input 
PUll-Up Resistor 
Voo=3V, 
V1N=VSS 
1 
3 
p.A 


Currents 
at K1-K4, 
Source 


Input 
Pull-Down 
Resistor 
Voo=3V, 
V1N=3V 
1.5 
3 
p.A 


Current 
at HK SW, Sink 


Keypad 
Contact 
Resistance 
1 
klJ 


Output 
Current 
Levels 


Dial Pulse 


Logical 
"1", Source 
Voo=3V, 
VouT=Voo-0.5 
80 
p.A 


Logical 
"0", 
Sink 
Voo=3V, 
VouT=Vss+0.5 
80 
p.A 


Mute 
Logical 
"1", Source 
Voo=3V, 
VouT=Voo-0.5 
80 
p.A 


Logical 
"0", 
Sink 
Voo=3V, 
VouT=Vss+0.5 
80 
p.A 


Tone 


Logical 
"1", Source 
Voo=3V, 
VOUT=Voo-0.5 
10 
p.A 


Logical 
"0", 
Sink 
Voo = 3V, VOUT= Vss + 0.5 
10 
p.A 


01,02,03 


Logical 
"1", Source 
Voo = 3V, VOUT= Voo- 
0.5 
15 
p.A 


Logical 
"0", 
Sink 
Voo=3V, 
VOUT= Vss+ 
0.5 
100 
p.A 


Supply 
Current 
V DO = 3.3V, Osc Freq = 20 kHz 
100 
p.A 


Voo = 5.5V, ON Hook, 
Osc Stopped 
5 
p.A 


Outpuising 
Frequency 
Osc= 
20 kHz 
9 
11 
Hz 


Connection Diagrams 


Dual-ln·Line 
Package 


18 
16 
04 
03 
04 
03 


01 
17 02 
01 2 
1502 


16 
02 3 
14 
02 
01 
01 
15 
TP5394 
13 
lOP SElECT 
03 
lOP SElECT 
03 


Order 
Number 
TP5393 
14 
OR 
Order 
Number 
HOSW5 
TP53144 
12 
Von 
TP5393J 
or TP53143J 
HOSW 
OR 
TONE 
TP5394J 
or TP53144J 
1P53143 
See NS Package 
J18A 
13 
11 
See NS Package 
J16A 
osc1 
vOO 
OSC1 
vss 
12 
10 
MUTE 
OSC2 
vss 
OSC2 


OSC3 
11 MUTE 
OSC3 
9 
DIAL 
PULSE 


DIAL 
PULSE 
10NC 


TOP VIEW 


TOP 
VIEW 
FIGURE 
2 


A block 
diagram 
of 
the 
TP5393, 
TP5394, 
TP53143 
and 
TP53144 
integrated 
circuit 
is 
shown 
in 
Figure 
1 and 
package 
connection 
diagrams 
for the 2 package 
options 


are shown 
in Figure 
2. 


Oscillator 
(Pins 
6, 7, and 8): The time 
base for the puise 


dialer 
integrated 
circuit 
is an RC-controlied 
oscillator 
like 


that 
shown 
in Figure 
3, typically 
tuned 
to 20 kHz by the R1 


and 
C1 
combination. 
Stability 
of 
± 10% 
of 
typical 
frequency 
can 
be 
maintained 
over 
the 
voltage 
range 


3.0V-5.5V 
and 
temperature 
range 
- 30·C 
to + 70·C. 
At 


fixed voltage 
and temperature, 
part to part variation 
is less 


than 5%. 


This clock 
is successively 
divided 
to derive 
the necessary 


timing 
for outpulsing 
and interdigit 
pause. 


Keyboard 
(Pins 
1-4 
and 
16-18 
or 
14-16): 
The 
TP5393, 


TP5394, 
TP53143 
and 
TP53144 
utilize 
an 
inexpensive 


single 
contact 
(Form 
A, Figure 
7) keypad. 
A valid 
key 
closure 
is recorded 
when 
a single 
row (Kx input) 
is con· 
nected 
to a single 
column 
(Oy input). 
Key closures 
are pro- 
tected 
from 
contact 
bounce 
for 5 ms. 


Dial Pulse 
Output 
(Pin 9): The Dial Pulse output 
drives 
an 


external 
bipolar 
transistor 
that 
sequentially 
opens 
(breaks) 
the telephone 
loop a number 
of times 
equal to the 


input 
digit 
selected. 
For example, 
key 5 will 
generate 
5 
loop current 
breaks. 
The break/make 
ratio 
of the TP5393 


and TP5394 
is 1.6:1.0 (i.e., 61.5%:38.5%). 
The break/make 


ratio of the TP53143 and TP53144 is 2.0:1.0 (i.e., 67%:33%). 


lOP Select 
(Pin 15 or 13): The lOP select 
input 
is used to se- 
lect an interdigit 
separation 
of either 420 ms (logic "0" = Vss) 


or 840 ms (logic 
"1" = Voo). An interdigit 
delay 
precedes 


the first 
digit 
outpulse 
sequence. 


Mute (Pin 11 or 10): The Mute output 
is used to drive an ex· 
ternal 
bipolar 
transistor 
that 
is used to mute 
the receiver 


during 
the 
outpulse 
period. 
System 
timing 
between 
key 


closure, 
mute 
and 
dial 
pulse 
is shown 
by 
the 
timing 


diagram 
in Figure 
4. 


Tone (Pin 14 TP5393 
and TP53143 Only): 
The TP5393 
and 


TP53143 
provide 
a tone output 
to provide 
audio 
feedback 


to the user. The output 
is a 600 Hz tone that requires 
an ex- 
ternal 
bipolar 
driver 
to activate 
the telephone 
receiver. 


Hook Switch 
Input(Pin 
5): The function 
of the hook switch 


input 
is 
to 
properly 
initialize 
the 
circuitry 
for 
proper 


memory 
and rediai 
operation. 
In the ON hook, iogic 
"0" 
or 


Vss condition, 
the hook switch 
input 


a. stops 
the 20 kHz osciliator 


b. sets the memory 
pointer 
back to digit 
1 


c. clamps 
the dial 
pulse 
and mute 
ouputs 
to logic 
"1" 


orVoo 
d. resets 
all control/ogic 


When the telephone 
is taken 
OFF hook, this 
input 
must be 


taken 
to 
logic 
"1" 
or Voo to 
release 
the 
oscillator 
and 


enable 
the memory 
and various 
outputs. 
For a non-redial 


application 
it 
is 
necessary 
to 
provide 
an 
RC delay 
of 
approximately 
10 I's to the hook 
switch 
input 
in order 
to 
provide 
a proper 
power-on 
clear 
sequence. 


Schematic 
diagrams 
for 
use 
of 
the 
TP5393, 
TP5394, 


TP53143 and TP53144 in typical 
applications 
are shown 
in 


Figu.-es 5 and 6. 


Pushbutton 
inputs 
are accepted 
at an asynchronous 
rate. 


If only 1 key is detected 
for 5 ms, the decoded 
key will 
be 


loaded 
into 
a first-in·first-out 
memory 
and outpulsing 
of 


the correct 
number 
of pulses 
will immediately 
begin. After 
the first 
digit 
has been completed, 
outpuising 
will 
cease 


unless 
another 
key has been entered. 
This allows 
use in a 


PBX system 
to insure 
receipt 
of a dial tone after an access 
code has been entered 
and before 
entering 
the remainder 
of the 
number. 
If the 
call 
was 
not 
successful, 
it can 
be 


redialed 
at a later time 
by pressing 
the redial 
(#) key. If an 
access 
code 
is required, 
as in a PBX system, 
it can 
be 


manually 
entered, 
the dial tone established, 
and then the 


redial 
key pushed 
to automatically 
dial 
the remainder 
of 


the number. 
Only 1 key can be entered 
before 
pushing 
the 


redial 
key. 


An example 
of this 
operation 
is shown 
here: 


First 
Try 


Second 
Try 


Third 
Try 


Key Inputs 


9 P 4087375000 


9P# 


9P# 


Memory 


94087375000 


94087375000 


94087375000 


Outpulses 


94087375000 


94087375000 


94087375000 


I 
I 
I 
I 
I 
I 
I 
I 
I 
r- ...• 
I 
5.6V 


III 
I 


L 
.J 


IN PHONE 


Note 1: No redial. 


Note 2: Non-valued parts included in instrument. 


Note 3: letters refer to instrument terminals. 


TP53130 DTMF (TOUCH TONE®) Generator 


The TP53130 is a low threshold 
voltage, 
ion-implanted, 
metal-gate 
CMOS 
integrated 
circuit 
that 
generates 
all 


dual tone multi-frequency 
(DTMF) pairs required 
in tone- 
dialing 
systems. 
The 
8 audio 
output 
frequencies 
are 


generated 
from 
an on-chip 
3.579545 MHz master 
oscil- 
lator. No external 
components 
other than the crystal 
are 


required 
for the oscillator. 
The TP53130 can be powered 


directly 
from telephone 
lines over wide range loop condi- 
tions. The device can interface 
directly 
to an Inexpensive 


single-contact 
calculator 
type 
keyboard 
or a standard 


telephone 
2-of-8 keypad 
(Figure 
4). The TP53130 is also 


capable 
of 
accepting 
binary 
code 
inputs 
for 
micro- 


processor-controlled 
systems 
applications. 


• 
3V-15V operating 
voltage 


• 
On-chip 3.579545 MHz crystal-controlled 
oscillator 


• 
Tone accuracy 
better than ± 1% without 
tuning 


• 
Interface 
with standard 
2-of-8 telephone 
keypad 


• 
Interface 
with single-contact 
low cost keypad 


• 
Input signals 
can be in binary code 


• 
Multi-key 
lockout 
with/without 
single 
tone 
capability 


• 
On-chip 
high band and low band tone generators 
and 


mixer 


• 
High band pre-emphasis 


• 
Low harmonic 
distortion 


• 
Open emitter-follower 
low impedance 
output 


• 
Separate 
receiver 
mute 
and transmitter 
mute 
switch 


outputs 


• 
Powered directly 
from the telephone 
line 


KEY/BCD 


SELECT 


TONE 
DISABLE 
Cl-+ 


C2 


C3 


C4 


Rl 


R2 


R3 


R4 


MODE 
SELECT 


PROGRAMMABLE 
DIVIDER 
723 
719 


721 717 


PROGRAMMABLE 
DIVIDER 
-'-80 766 
773 
759 


XMTSW 


MUTE 


Electrical Characteristics 
TA within 
operating 
temperature 
range, 3V:5Voo:58V, 
unless otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Input Pull-Up Resistor 


Column 
and Row Inputs 
25 
50 
90 
kn 
Key/BCD 
Select 
200 
650 
1000 
kn 
Mode Select 
200 
650 
1000 
kn 
Tone Disable 
200 
650 
1000 
kn 


Input 
Pull-Down 
Resistor 


Column 
and Row Inputs 
Voo=3V 
650 
n 


Voo=8V 
200 
n 


Input Voltage 
levels 


logical 
"1" 
80% of Voo 
Voo 
V 
logical 
"0" 
Vss 
20% of Voo 
V 


Operating 
Frequency 
3.579545 
MHz 


Output 
Voltage 
Swing 
at Tone 


Output 
low 
Band Alone 
RL> 150n 
820 
mVp-p 
High Band Alone 
RL>150n 
1000 
mVp-p 


Harmonic 
Distortion 
RL> 150n 
-20 
dB 


Tone Frequency 
Deviation 
1.0 
% 


Typical 
Application 
Output 
20<IL<100mA 
level 
VdSee 
Figure 
5) 
low 
Band Tone 
RL = 150n 
-7 
dBV 
High Band Tone 
RL=150n 
-6 
dBV 
THO 
f :520 kHz 
4 
% - 


Output 
Currents 
Voo=3V 


XMTSW/MUTE 
VouT=2V 
3 
mA 


Idle Current 
RL=oo, Voo=8.0V 
mA 


(No Key Depressed) 


Operating 
Current 
RL= 
00, Voo=3.5V 
2 
mA 


Key Down to Tone Outputting 
3 
4 
ms 
Time (Debounce) 


DC Output 
Tone Disable = 0 
TRI-STATE'" 


TRI·STATE 
is a registered 
trademark 
of National 
Semiconductor 
Corp. 


Voltage atAny 
Pin Except XMT SW and MUTE Vss - 0.3V to Voo + 0.3V 


Voltage atXMTSW 
and MUTE Pins 
Vss - 0.3V to 15V 


Operating 
Temperature 
Range 
- 40·C to + 70·C 


Storage Temperature 
Range 
- 65·Cto 
+ 150·C 


Voo-Vss 
15V 


lead Temperature(Soldering, 
10 seconds) 
300·C 


VDD 


TONE 
DISABLE 
2 


J 


VSS 


DSC OUT 


OSt IN 


KEY/BCD 
9 


SELECT 


A functional 
block 
diagram 
of the TP53130 is shown 
in 


Figure 
1, and connection 
diagram 
is shown 
in Figure 
2. 
The TP53130 Can be operated 
in the Keyboard 
Interface 


Mode 
and can also 
be operated 
in the Binary 
Interface 


Mode depending 
on the logic level at the Key/BCD Select 
input. 
In either 
mode, the device will digitally 
synthesize 


the 
high 
and 
low band 
sine waves 
of DTMF signaling, 


when valid 
signals 
are applied 
to rowand/or 
column 
in- 
puts. The sum of the two sine waves is then provided at the 
Tone output. 


Tone Disable: 
This input has an internal 
pull-up 
resistor. 


When this input 
is open or at logical 
high (Voo), the XMT 


SW and MUTE outputs 
will deliver valid output 
signals 
in 


response 
to the proper input signals. 
When Tone Disable 


is at logical low (Vss), thedevice 
will be in the inactive mode. 


Tone output 
wili go to an open circuit 
state, XMT SW and 


MUTE outputs 
will sink current through 
on-chip N-channel 


devices 
and the crystal 
oscillator 
will be disabled. 


Key/Binary 
Select: 
When this 
input 
is open or at logical 


high (VDO), thedevice 
wi II interface 
a keyboard.(See 
Table I.) 


When Key/Binary 
Select is low (Vss), the device will accept 


binary 
inputs 
on the row signal 
input 
lines. (See Table 
11.) 


Oscillator: 
Tone generation 
and 
internal 
timing 
are de- 
pendent 
on the accurate 
operation 
of the crystal 
oscil- 
lator. The oscillator 
inverter/amplifier 
and all necessary 
bias 
networks 
are 
included 
on·chip. 
The only 
external 


component 
is a 3.579545 MHz crystal. 
It should 
be con- 
nected 
to the device as shown 
in the typical 
application 


diagram 
(Figure 
5). The oscillator 
is not running 
unless 
a 


valid input signal 
is applied to the device. The oscillator 
is 


also disabled 
when Tone Disable 
is tied to logic low (Vss). 


This feature 
will prevent 
RF modulation 
on the telephone 
line. 


Single 
Tone 
Capability: 
This 
is a desirable 
feature 
for 


initial 
testing. 
With 
the device 
operating 
in the Keypad 


Interface 
Mode, 
operation 
of multiple 
keys 
in different 


rows 
and 
columns 
will 
not 
generate 
output 
tones. 
However, operation 
of two or more keys in the same row or 


column 
will generate 
the proper tone for that 
row or col- 


11 
MODE 
SELECT 


16 
R1 


15 
R2 


" 
RJ 
Order Number 
TP53130N 


See NS Package 
N18A 


13R' 
12 
XMT SW 


11 MUTE 


10 
C4 


umn. 
During 
multiple 
key operation, 
the 
XMT SW and 
MUTE outputs 
will not change state more than once. With 
the 
device 
operating 
in the 
Binary 
Interface 
Mode, 
a 


logical 
low at the column 
1 input will inhibit 
the high band 
tone output 
while 
a logical 
low at the column 
2 input will 
inhibit 
the low band tone output. 
(See Table I.) Logical 
low 
inputs 
on both 
column 
inputs 
1 and 2 will 
disable 
the 


device the same way as the Tone Disable 
input will when 
set to logical 
low. 


Mode Select: 
This input 
has an internal 
pull-up 
resistor. 


When 
open 
or at iogical 
high, 
single 
tone 
outputs 
are 


allowed. 
When this input is at logical 
low, single tone out- 


puts are prohibited. 
XMT SW and MUTE outputs 
will stay 
high during 
a multiple 
key depression 
input. 


Tone Output: 
Dual-tone output 
frequencies 
are generated 
in response 
to valid 
input 
signals 
to the 
device. 
(See 


Table 
111.) Each frequency 
is synthesized 
with 32 steps of 


approximation 
for 
low 
harmonic 
distortion. 
The ampli- 


tudes 
of the low and high frequency 
tones 
are constant 


and independent 
of operating 
voltages. 
When 
tone out- 


puts are present, the Tone output 
will be the composite 
of 
the AC signal superimposed 
on a DC offset. 
The DC offset 
is approximately 
1/2 Voo. When no tones are present at the 


Tone output 
pin, the pin will be open circuit. 


XMT SW (Transmitter 
Switch) 
and MUTE Outputs: 
In the 


idle state 
(no key depressed, 
no signal 
interface 
inputs 


and Tone Disable 
at a logical 
low) both the XMT SW and 


MUTE outputs 
will 
sink 
current 
to Vss through 
on-chip 


transistors. 
In the active 
state, these outputs 
will source 


current 
from 
Voo 
whenever 
valid 
output 
tones 
are 


generated. 
The MUTE output activates 
before the XMT SW 


output 
as shown 
in Figure 
3. 


Signal 
Inputs 
(Rowand 
Column 
Inputs): 
These inputs 
do 


not have a fixed pull-up or pull·down 
internal 
resistor, 
or a 


fixed 
logical 
level. 
Logic 
levels 
at the inputs 
are deter· 


mined by internal 
states of the device. An input scan tech- 


nique 
is used so that 
the device 
can directly 
interface 


either 2-of-8 keypads 
with common 
switch 
arrangements 


or the single 
contact 
X-Y keypads. 
(See Figure 
4.) 


Functional Description (Continued) 


KEY 
INPUT 
I 
I 


MUTE 
I 


OPEN 
I 


3mS-4mS-t 
f-- 
-I 
I_O.5mS-1.SmS 


XMTSW 
I 
OPEN 
I 


TONE 
OUTPUT 
OPEN WIWN\ 


OPEN 


FIGURE 
3. Timing 
Diagram 
of MUTE and XMT SW in 
Relation 
to Key Input 
and Tone Output 


TABLE 
I. FUNCTIONAL 
TRUTH 
TABLE 
(WITH 
"MODE 
SELECT" 
OPEN) 


Key/Binary 
Tone 
Row 
Column 
Tone Output 
XMTSW 
MUTE 
Select 
Disable 
Low Band 
High 
Band 


X 
0 
X 
X 
0 
0 
0 
0 


1 
1 
One 
One 
fL 
fH 
1 
1 


1 
1 
One 
Two or More 
fL 
0 
1 
1 


1 
1 
Two or More 
One 
0 
fH 
1 
1 


1 
1 
Two or More 
Two or More 
0 
0 
0 
0 


0 
1 
Binary 
Open 
fL 
fH 
1 
1 


0 
1 
Binary 
C1 =0 
fL 
0 
1 
1 


0 
1 
Binary 
C2=0 
0 
fH 
1 
1 


0 
1 
X 
C1 and C2=0 
0 
0 
0 
0 


TABLE 
II. 
FUNCTIONAL 
TRUTH 
TABLE 
FOR BINARY 
INTERFACE 


Keyboard 
Binary 
Inputs 
Frequencies 


Inputs 
Generated 


C1 
C2 
R1 
R2 
R3 
R4 
fLlHz) 
fH(Hz) 


1 
Open 
Open 
0 
0 
0 
1 
691 
1209 


2 
Open 
Open 
0 
0 
1 
0 
697 
1336 


3 
Open 
Open 
0 
0 
1 
1 
697 
1477 


4 
Open 
Open 
0 
1 
0 
0 
770 
1209 


5 
Open 
Open 
0 
1 
0 
1 
770 
1336 


6 
Open 
Open 
0 
1 
1 
0 
770 
1477 


7 
Open 
Open 
0 
1 
1 
1 
852 
1209 


8 
Open 
Open 
1 
0 
0 
0 
852 
1336 


9 
Open 
Open 
1 
0 
0 
1 
852 
1477 


0 
Open 
Open 
1 
0 
1 
0 
941 
1336 
* 
Open 
Open 
1 
0 
1 
1 
941 
1209 
# 
Open 
Open 
1 
1 
0 
0 
941 
1477 
A 
Open 
Open 
1 
1 
0 
1 
697 
1633 


B 
Open 
Open 
1 
1 
1 
0 
770 
1633 


C 
Open 
Open 
1 
1 
1 
1 
852 
1633 
0 
Open 
Open 
0 
0 
0 
0 
941 
1633 


0 
Open 
Valid 
fL 
- 
Open 
0 
Binary 
- 
fH 
0 
0 
Inputs 
1/2 Voo 
1/2 Voo 


Desired 
Freq. (Hz) 
Actual 
Percent 
Inputs 
Frequency 
Deviation 
fL 
fH 
(Hz) 


R1 
697 
699.1 
0.306 
R2 
770 
766.2 
-0.497 
R3 
852 
847.4 
- 0.536 
R4 
941 
948.0 
0.741 
C1 
1209 
1215.9 
0.569 
C2 
1336 
1331.7 
-0.324 
C3 
1477 
1471.9 
-0.35 
C4 
1633 
1645.0 
0.736 


r·-f----;--";' " 


o 
+ 
TO 
50pF 
60 
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1 
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II 
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~National 
~ 
Semiconductor 


TP5600, TP5605, TP5610, TP5615 Ten-Number 
Repertory Pulse Dialers 


The TP5600, 
TP5605, 
TP5610, TP5615 are monolithic 
inte- 


grated 
circuits 
built 
using 
National's 
advanced 
P2CMOS 


process 
(double 
poly-silicon 
gate 
CMOS). They 
provide 
all 


logic 
necessary 
to convert 
keypad 
inputs 
into a series 
of 


pulses 
simulating 
rotary 
telephone 
dialing. 
An 
on-chip 


memory 
provides 
storage 
for nine telephone 
numbers 
plus 


the last 
number 
dialed, 
each up to 16 digits 
in length. 
The 
simple 
control 
scheme 
needs only 2 key entries 
to store a 


number 
or initiate 
automatic 
dialing 
of a stored number. This 


control 
scheme 
is the same as that used on the TP5650 reper- 


tory 
DTMF 
generator 
so 
that 
no 
user 
re-education 
is 


necessary 
when 
converting 
from 
pulse to tone dialing. 
For 


PBX applications, 
the first 1 or 2 digits 
may be overwritten 
to 


obtain 
a second dial tone prior to automatic 
dialing. 
Two out- 
puts are provided 
to control 
pulsing 
of the telephone 
line and 


muting 
of the receiver. The low voltage 
and low current 
re- 


quirements 
of 
this 
device 
allow 
direct 
telephone 
line 
powered 
operation 
for dialing. 
A small 
battery 
is recom- 
mended 
for on-hook 
memory 
retention. 


• 
2V, 150 JjA telephone-line 
powered 
operation 


• 
1 JjA memory 
retention 
current 


• 
Stores and autcxJials 
ten 16-digit numbers 


• 
Last-number-redial 
included 


• 
Scratchpad 
(number 
storage 
without 
dialing) 


• 
Control 
key scheme-same 
as TP5650 DTMF 
repertory 


dialer 


• 
2-digit overwrite 
for PBX access 
codes 


• 
Voltage 
regulator 
on-chip 


• 
RC oscillator 
with ± 3% frequency 
stability 


• 
Single-contact 
or negative-common 
key inputs 


• 
TP5600, 
TP5605 
for pulsing 
loop 
in shunt 
with 
speech 


network 


• 
TP5610, TP5615 for pUlsing 
loop 
in series 
with 
speech 


network 


• 
TP5605, TP5615 have IDP select and 10/20 pps select 


ROW' 
14 


ROW 2 
13 


ROW 3 
12 


ROW 4 
11 
KEY 
OECOOER 


COL 1 
3 
SCAN 
ROM 


COll 
4 


COL 3 
5 


PULSE ANO 
MUTE TIMING 
CONTROL 


lOP SELECT 
(TP5605, 
TP5615 
ONLY) 
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Absolute Maximum Ratings 


DC Supply 
Voltage 
(V oo-V ss) 
6V 


Voltage 
on Any Pi n 
Voo+ 0.3VtoVss 
- 0.3V 


Operating 
Temperature 
(TA) 
- 30·C to + 70·C 


Storage 
Temperature 
-55·Cto 
+ 150·C 


Maximum 
Power Dissipation 
(25·C) 
500mW 


DC Electrical Characteristics 
TA within 
operating 
temperature 
range, 2V < Voo< 
5V unless 
otherwise 
specified 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


DC Operating 
Current 
Voo= 
2V (Note 1) 
150 
p.A 


Voo= 
5V (Note 
1) 
1 
mA 


Memory 
Retention 
Current 
On-Hook, 
V DO = 2V 
1 
p.A 


PULSE Sink Current 
Voo=2V, 
Vour=0.5V 
50 
p.A 


PULSE Source 
Current 
Voo=2V, 
Vour= 
1.5V 
150 
p.A 


MUTE Sink Current 
Voo=2V, 
Vour=0.5V 
50 
p.A 


MUTE Source 
Current 
Voo=2V, 
Vour= 
1.5V 
150 
p.A 


Logic 
'0' Level Input 
Vss 
0.2 Voo 


Logic 
'1' Level Input 
0.8 Voo 
Voo 


Keyscan 
Pull-Up 
Resistance 
100 
kO 


Keyscan 
Pull-Down 
Resistance 
4 
kO 


Keypad 
Contact 
Resistance 
1 
kO 


Keypad 
Capacitance 
30 
pF 


HOOKSWITCH 
Pull-Up 
Resistance 
100 
kO 


AC Electrical Characteristics 
TA within 
operating 
temperature 
range, 2V <Voo<5V 
unless 
otherwise 
specified 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Oscillator 
Frequency 
8 
kHz 


Oscillator 
Stability 
Internal 
Regulator 
Connected, 
-3 
., 
3 
% 


150 p.A< 
100<300 
p.A 


Keypad 
Debounce 
Time 
OSC IN=8 
kHz 
9 
11 
ms 


Oscillator 
Start-Up 
Time 
Voo=2V 
5 
ms 


Pulse Rate 
10 
pps 


BREAK Time 
BREAK/MAKE 
= V DO 
60 
ms 


BREAK/MAKE 
= Vss 
66 
ms 


Not. 1: Off-hook, HOOKSWlrCH pin connected to VSS.all outputs open. 


16 
PULSE OUT 


15 HOOKSWITCH 


14 
ROW 1 


13 
ROW 2 


TP5600, 
TP5610 
12 
ROW 3 


11 ROW4 


10 1lUff0UT 


9 
BREAK/ MAKE SELECT 


10/20 
pps SELECT 


COLl 


Pin Descriptions (Pin 
numbers 
refer 
to TP5600, 
TP561 0) 


VDD(pln 
1): This is the positive 
supply 
to the device 
and is 
referenced 
to Vss (pin 5). An active 
zener regulator 
is con- 


nected 
on-chip 
between 
Voo and Vss (see pin 5), and the 
device 
is intended 
to be powered 
from 
a current-limited 
source. 
This regulator 
is turned 
off and effectively 
discon- 
nected 
when 
the device 
is in the on-hook 
state 
in order to 
minimize 
current 
consumption. 
Power-on 
reset 
and 
low- 
voltage 
detect 
circuits 
ensure 
correct 
operation 
following 
power-up 
or reduction 
of the on-hook 
supply 
voltage 
below 
that 
required 
to retain 
stored 
data. 


Keypad 
Inputs 
(pins 3, 4, 5,11, 12, 13 and 14): A valid key en- 


try is defined 
as either 
connecting 
a single 
row to a single 
column 
or connecting 
Vss simultaneously 
to a single 
row 
and a single 
column. 
This allows 
direct 
interface 
to an in- 
expensive 
single-contact 
(form 
A) keypad, 
the 
standard 
2-of-7 keypad 
with 
negative-common, 
or logic-generated 
inputs. 


Vss(pln 
6): This is the negative 
supply. 


OSC IN, OSC OUT (pins 7, 8 on TP5600, TP5610 only): 
The 
device 
contains 
an on-chip 
oscillator 
circuit 
designed 
to 
work with 
a ceramic 
resonator 
at 480 kHz in anti-resonant 
mode. 
2 external 
capacitors 
are required, 
typically 
100 pF 
each. 
The 
circuit 
may 
also 
be driven 
with 
an external 
480 kHz source 
on OSC IN. 


OSC IN, OSC OUT, OSC OUT (pins 
7, 8 and 9 on TP5605, 
TP5615 
only): 
The 
device 
includes 
a 
stable 
on-chip 
oscillator 
circuit 
designed 
to work 
with 
the 
component 
values 
shown 
in Figure 
3. The circuit 
may also 
be driven 
with 
an external 
8 kHz source 
on OSC IN (pin 6). 


On all devices, 
the oscillator 
runs only while 
the device 
is 
scanning 
the keypad 
and/or 
timing 
storage 
or outpulsing 
functions. 


Voo 
1 


10/20 
pps SELECT 
2 


COL 1 
3 


COL 2 
4 


18 PULSE OUT 


17 HOOKSWITCH 


16 ROW 1 


15 ROW 2 


14 
lOP SELECT 


13 ROW 3 


12 
ROW 4 


11 MUTE OUT 


10 
BREAK/MAKE 
SELECT 


OSC IN 


OSC OUT 


OSC OUT 
9 


TOP VIEW 


Order 
Number 
TP5605N 
or TP5615N 


BREAK/MAKE 
SELECT (pin 9): The BREAK/MAKE 
ratio 
is 
selected 
by connecting 
this 
pin as follows: 


Input 
to BREAK/MAKE 
Pin 
PULSE 
Output 
BREAK 
MAKE 


Voo 
60% 
40% 


Vss 
66% 
34% 


MUTE 
OUT (pin 10): This 
is a CMOS 
output 
designed 
to 
drive a simple 
interface 
circuit 
to mute the receiver 
during 
outpulsing. 
See the timing 
diagram 
for further 
details. 


HOOKSWITCH 
(pin 15): This 
input 
has a 100 kO internal 
pull-up 
resistor 
to Voo. Allowing 
this 
pin to float, 
or con- 
necting 
a Voo 
level 
puts 
the 
circuit 
in the 
on-hook, 
low 
power idle mode. It also turns off the active zener regulator. 


Connecting 
this 
pin to Vss puts the circuit 
in the off-hook 
mode, 
ready 
to accept 
key inputs 
and generate 
outpuls- 
ing. It also turns 
on the zener regulator 
to limit 
the voltage 
across 
the device. 
See Applications 
Information 
for fur- 
ther information. 


PULSE 
OUT (pin 16): This 
is a CMOS 
output 
designed 
to 
drive a simple 
interface 
circuit 
to pulse 
the telephone 
line 
with the correct 
BREAK/MAKE 
ratio, 
lOP timing 
and pulse 
rate. 


lOP 
SELECT 
(TP5605, 
TP5615 
only): 
The 
Inter-Digital 
Pause period 
is selected 
by connecting 
this pin as follows 
(no pull-up 
resistor 
is provided): 


Input to lOP Pin 
lOP Period 


Voo 
825 ms 


Vss 
525 ms 


10/20 pps SELECT (pin 2): For normal 
10 pps dialing, 
con- 
nect this pin to Vss- Connecting 
this pin to V 00 doubles 
the 
rate of all PULSE OUT and MUTE OUT timing. 


•••• 


ON·HOOK 
OFF-HOOK 
ON-HOOK 
0 
HOOKSWITCH 
T"" 
<0 
II) 
0.. 
•••• 
uf 
KEY INPUT 
0I61T 2 


0 
<0 
II) 
0.. 
•••• 
COLUMNSCAN 
0 
0 
<0 
II) 
0.. 


ROWSCAN 


•••• 


--looms, 


PPP 


~ 
(NOTE1) 


MUTEOUTJ---I~~I 
_ 


Note 1: PPP is a pre-pulsing 
pause equal to 1 MAKE period. 


Note 2: A mask option of MUTE continuously 
active low during the lOP is available as a mask option. 


Functional Description 


The timebase 
for this 
family 
of repertory 
dialers 
is de- 
rived from a stable 
RC oscillator 
connected 
as shown 
in 
Figure 
3. 
In 
the 
on-hook 
condition, 
the 
oscillator 
is 
stopped 
and all keypad 
inputs 
inhibited. 
After 
going 
off- 
hook, the oscillator 
remains 
off and the keypad inputs 
go 
to a static 
sensing 
mode. Upon sensing 
a single 
key clo- 
sure, the oscillator 
starts, 
and the row and column 
inputs 
are alternately 
scanned 
at a 500 Hz rate. When a key clo- 
sure remains 
valid for the reqUired debounce 
time, the key 
is interpreted 
in accordance 
with Table I. During 
manual 
dialing, 
valid digit 
keys are entered 
into the last-number- 
dialed 
register 
(register 
0) in sequence 
and outpulsed 
at 
the nominal 
10 pps rate. A manually 
dialed number may be 
entered 
rapidly 
and may exceed 
16 digits 
without 
limit, 
provided 
no more than 15 digits 
remain 
to be outpulsed. 
Automatic 
dialing 
is inhibited, 
however, 
if an attempt 
is 
made to store more than 16 digits 
in any register. When no 
further 
digits 
remain to be outpulsed, 
the oscillator 
stops 
and key inputs 
return to the static 
sensing 
mode awaiting 
further 
keys or a return to the on-hook 
condition. 


Function 
Control Sequence 


Dial and store in register 
0 
ID, 
.... Dx 


No dial, store in register 
N only 
1* 
N D, .... Dx 


Scratchpad 
.... Dx * N D, ... Dy 
Copy last number 
to register 
N 
... Dx (I 1) * N I 


Auto-dial 
register 
N 
1# N 


Last number 
redial 
1#0 


PBX access 
1(D,)(D;» # 0 or N 


Note1: 
N is a long-term storage register numbered from 1-9. 


Note 2: t indicates on-hook to off-hOOk,! 
indicates off-hook to on·hook. 


Note 3: Entries in brackets may be omitted. 


Telephone 
numbers 
are stored 
in 10 registers, 
numbered 
0-9. 
Register 
contents 
can only 
be modified 
while 
off- 
hook. Register 0 always stores the last number which was 
manually 
dialed, 
and 
remains 
unchanged 
during 
auto- 
matic 
dialing. 
Numbers 
for long-term 
storage 
in registers 
1-9 
are entered 
by *, then 
N and 
then 
the 
telephone 
number, where 
N is the register 
number. Other 
registers 
can 
be successively 
modified 
by entering 
a new 
*, N 
followed 
by the telephone 
number. Once a * key is entered, 
no further 
outpulsing 
is possible 
until 
after 
an on-hook 
reset 
on 
the 
HOOKSWITCH 
pin. 
This 
facilitates 
the 
Scratchpad 
feature, 
whereby 
a number can be stored in a 
register 
without 
outpulsing 
during 
a conversation. 
The 
last number 
dialed 
manually 
is copied 
from register 
0 to 
any of the long-term 
storage 
registers 
by entering 
*, N. 


An attempt 
to store more than 16 digits in a register will set 
an overflow 
flag 
to inhibit 
automatic 
dialing 
from 
that 
register. The flag is reset following 
the next *, N entry to re- 
program 
that register. 


Automatic 
dialing 
of the telephone 
number 
stored 
in any 
register 
is initiated 
by entering 
#, then N. The keypad 
is 
then 
locked 
out 
until 
completion 
of 
outpulsing, 
after 
which 
further 
manual 
or automatic 
dialing 
is permitted. 


For PBX applications, 
a 1 or 2-digit 
access 
code may be 
entered 
prior to a #, N code. These access digits 
overwrite 
the previously 
stored 
digits 
at the start 
of register 
0, the 
last-number-dialed 
register. The user then waits 
for a sec- 
ond dial-tone 
before 
automatically 
dialing 
the required 
number. 
Note 
that 
if a 2-digit 
access 
code 
is entered 
followed 
by #, 0, register 
0 is automatically 
dialed 
from 
location 
3 onwards. 
Either 
a 1 or 2-digit 
access 
code 
followed 
by #, 0, however, automatically 
dials 
register 
N 
from location 
1 onwards. 
This allows the most flexible 
use 
of registers 
1-9. Thus, it is not necessary 
to store access 
codes 
in registers 
1-9, either 
manually 
or by copying 
the 
last number dialed. 


Applications Information 


The TP5600 and TP5605 PULSE output 
is designed 
to drive 
a pulsing 
loop circuit 
in shunt with the speech network, 
as 
shown 
in Figure 
3. During outpulsing, 
the MUTE circuit 
is 
turned 
off to isolate 
the speech network 
from the line. 02 
and 03 conduct 
during 
MAKE 
periods, 
R1 adjusts 
tele- 
phone 
pulsing 
resistance. 
02 
and 
03 
turn 
off 
during 
BREAK periods, 
loop current 
is then only the supply 
cur- 
rent to the device. 01 provides 
a current 
source of 200 p.A 
minimum 
to ensure that the device will have an adequate 
supply voltage. 


The TP5610 and TP5615 PULSE output 
is designed 
for a 
series pulsing 
loop, as shown in Figure 
4. In this case, the 
MUTE circuit 
isolates 
only 
the receiver, 
so that 
current 
flows through 
the speech network while outpulsing 
MAKE 
periods. 
03 cuts off this current 
during 
BREAK periods. 


The on-hook current 
required 
for the device to retain data 
is low enough 
to allow 
this current 
to be drawn 
from the 
telephone 
line in certain applications. 
In this case, it is ad- 
visable 
to 
add 
an 
external 
protection 
zener 
diode, 


specified 
for very low leakage, as the internal 
regulator 
is 
turned 
off when the HOOKSWITCH 
pin goes high. A low 
leakage decoupling 
capacitor 
should 
also be specified. 


To protect 
stored data in the event of reduced 
line voltage 
(caused by an off-hook 
extension 
telephone, 
for example), 
a small 
back-up 
battery 
is recommended, 
as shown 
in 
Figures 
3 and 4. 


The off-hook 
current 
source 
formed 
by J FET 01 and its 
source 
resistor 
must provide 
sufficient 
current 
to supply 
the repertory 
dialer plus the PULSE and MUTE loads when 
in their active 
states. 
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FIGURE 
4. TP5615 Series 
Dialer 
Application 
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~National 
~ 
Semiconductor 


TP5650, TP5660 Ten·Number Repertory DTMF Generators 


The TP5650 and TP5660 are monolithic 
integrated 
circuits 


built 
using 
National's 
advanced 
P2CMOS 
process 
(double 


poly-silicon 
gate 
CMOS). 
They 
interface 
directly 
to 
a 


telephone 
keypad 
and generate 
all 16 standard 
dual-tone 


multi-frequency 
pairs required 
in tone dialing 
systems. 
An 


on-chip 
memory 
provides 
storage 
for 
nine 
telephone 


numbers 
plus the last number 
dialed, 
each up to 16 digits 


in length. 
The simple 
control 
scheme 
needs only 2 key en- 


tries 
to store 
a number 
or initiate 
automatic 
dialing 
of a 


stored 
number. 
This 
control 
scheme 
is the same 
as that 


used 
on the TP5600 
family 
of repertory 
pulse 
dialers 
so 


that 
no user 
re-education 
is necessary 
when 
converting 


from 
pulse 
to 
tone 
dialing. 
The 
tone 
synthesizers 
are 


locked 
to an inexpensive 
3.579545 MHz crystal 
for high ac- 


curacy. 
A MUTE 
OUT logic 
signal, 
which 
changes 
state 


when 
any 
key 
is depressed, 
is also 
provided. 
The 
low 


voltage 
and low current 
requirements 
of this device 
allow 


direct 
telephone 
line powered 
operation. 
A small 
battery 
is 


recommended 
for on-hook 
memory 
retention. 


• 
2.5V-12Voperation 
when 
generating 
tones 


• 
2V operation 
of keyscan 
and MUTE logic 


• 
1 /LA memory 
retention 
current 


• 
Stores 
and auto-dials 
ten 16-digit 
numbers 


• 
Last·number-redial 
included 


• 
Scratchpad 
(number 
storage 
without 
dialing) 


• 
TP5650 
control 
key scheme 
same 
as TP5600 
repertory 


pulse 
dialer 


• 
TP5660 
has 14 keys-separate 
Store 
and Redial 


• 
2-digit 
overwrite 
for PBX access 
codes 


• 
3.579545 
MHz crystal-controlled 
oscillator 


• 
Low harmonic 
distortion 


• 
Single-contact 
or negative-common 
(2-of-8) key inputs 


I PRES CALER I 


MUTE 
~O 
M1JT£ 


LOGIC 
OUT 
---- 


uperallng 
lemperalUre(lA! 


Storage 
Temperature 


Maximum 
Power Dissipation 


- 30·C to + 60·C 


-55·Cto 
+150·C 


500mW 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Minimum 
Supply 
Voltage 
Swing 
Generating 
Tones 
2.5 
V 


TONE 
OUT Amplitudes 
RL=1000 


Low Group 
Voo=2.5V 
175 
mVrms 


Vo=10V 
190 
mVrms 


High Group 
Voo=2.5V 
225 
mVrms 


Voo=10V 
240 
mVrms 


High Group 
Pre-Emphasis 
2 
dB 


Mean 
DC Offset 
Generating 
Tones 


Voo=2.5V 
0.7 
V 
Voo=10V 
2.8 
V 


Dual Tone/Total 
Harmonic 
1 MHz Bandwidth 
20 
dB 
Distortion 
Ratio 


Start-Up 
Time 
(to 90% Amplitude) 
5 
ms 


Tones-On 
Duration 
Automatic 
Dialing 
72.3 
ms 
Tones-Off 
Duration 
Automatic 
Dialing 
72.3 
ms 


Supply 
Current, 
100 


Idle 
Voo=5V 
20 
p.A 


Generating 
Tones 
RL= 
10 kO 
2 
mA 


Battery 
Current, 
1M 
On-Hook, 
Vss Open 
2 
p.A 


MUTE OUT Sink Current 
Voo=2.5V, 
Vo=0.5V 
0.2 
mA 
MUTE OUT Source 
Current 
Voo=2.5V, 
Vo=1.5V 
0.2 
mA 


Column 
and Row Resistors 
50 
kO 


Connection Diagrams 


16 
16 
voo 
TONE OUT 
Voo 
TONE OUT 


15 
15 
VM 
Ne 
VM 
ROW ~ 


14 
14 
eOl1 
ROW 1 
eOl1 
ROW 1 


13 
13 
eOl2 
ROW2 
eOl2 
ROW 2 
TP5650 
TP5660 


I 


12 
12 
eOl3 
ROW3 
eOl3 
.' 
ROW~ 


11 
ROW4 
11 
Vss 
Vss 
ROW 4 


10 
10 
ose 
IN 
MUTE OUT 
ose 
IN 
MUTE OUT 


ose 
OUT 
eOl4 
ose 
OUT 
eOl4 


TOP VIEW 
TOP VIEW 


Order 
Number 
TP5650N 
Order 
Number 
TP5660N 


FIGURE 
2 
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VDD (pin 1): The positive 
supply 
to the device, 
referenced 
to Vss' A power-on 
reset circuit 
ensures 
correct 
operation 
following 
initial 
power-up. 


VM(pin 2): The negative terminal 
of the back-up battery for 
on·hook 
memory 
retention. 
A low-voltage 
detect 
circuit 
prevents 
misoperation 
of the 
circuit 
in the 
event 
of a 
reduction 
in the 
on-hook 
supply 
voltage 
below 
that 
reo 
quired to retain stored data. 


COLUMN 
and ROW Scans (pins 3, 4, 5, 9, 11,12, 13, 14 plus 
pin 15 on TP5650 only): 
When 
no key is closed, 
pull-up 
resistors 
are active 
on COLUMN 
inputs 
and 
pull-down 
resistors 
are active 
on ROW inputs. 
After 
a key is closed 
the 
ROW pull·down 
resistors 
cause 
a negative-true 
on 
COLUMN 
inputs, 
which 
starts 
the oscillator 
and initiates 
tone generation. 


Vss (pin 6): The negative 
supply 
to the device 
in the off· 
hook 
state. 
An 
open-circuit 
on 
this 
pin 
while 
back-up 
power is maintained 
on VM will reset the circuit. 


OSC 
IN, OSC 
OUT (pins 
7 and 
8): All 
logic 
and 
tone 
generator 
timing 
is derived from the on-chip 
oscillator 
cir- 
cuit. 
A low 
cost 
3.579545 
MHz A-cut 
crystal 
(NTSC TV 
color-burst) 
must 
be connected 
between 
pins 
7 and 8. 
Load capacitors 
and a feedback 
resistor 
are included 
on- 
chip 
for good 
start·up 
and stability. 
The oscillator 
stops 
when automatic 
tone generation 
is completed 
or there are 
no key closures. 


MUTE OUT (pin 10): This 
is a CMOS output 
which 
sinks 
current 
to Vss when 
no tones 
are being 
generated 
and 
sources 
current 
from Voo when tones are being generated. 


TONE OUT (pin 10): This output 
is the open emitter 
of an 
NPN transistor, 
the collector 
of which is connected 
to Voo. 
When an external 
load resistor 
is connected 
from TONE 
OUTto 
Vss• the output 
voltage on this pin is the sum of the 
high and low group sine-waves 
superimposed 
on a DC off- 
set. When 
not generating 
tones, 
this output 
transistor 
is 
turned 
off to minimize 
the device idle current. 


In the on-hook 
state, 
with 
power 
maintained 
for memory 
retention, 
the oscillator 
is stopped, 
the output 
transistor 
is 
pulled 
off and all keypad 
inputs 
are inhibited. 
After going 
off-hook, 
the oscillator 
remains 
off and the key inputs 
go 
to a static 
sensing 
mode. A single 
key closure 
activates 
the MUTE OUTPUT and starts 
the oscillator 
and keyscan. 
A valid 
digit 
key sets the high group 
and low group 
pro- 
grammable 
counters 
to the appropriate 
divide ratio. These 
counters 
sequence 
two sine-weighted-capacitor 
O/A con- 
verters 
through 
a series 
of 28 equal-duration 
steps 
per 
sine·wave 
cycle. 
An on-chip 
voltage 
reference 
ensures 
good stability 
of tone amplitudes 
with variations 
in supply 
voltage 
and temperature. 
The two tones are summed 
by a 
mixer 
amplifier, 
with 
pre-emphasis 
applied 
to the 
high 
group tone. The output 
is an NPN emitter-follower 
requir· 
ing the addition 
of an external 
load resistor 
to Vss. This 
resistor 
facilitates 
adjustment 
of the signal 
current 
flow- 
ing from Voo through 
the output 
transistor. 


Key inputs 
which 
are digits 
for manual 
dialing 
are not de- 
bounced 
prior 
to tone 
generation. 
Keys are debounced 
prior to being accepted 
as digits 
to be stored or as control 
keys (Table II). Upon completion 
of a manually 
or automati- 
cally 
dialed 
number, 
the oscillator 
stops 
and key inputs 
return to the static 
sensing 
mode awaiting 
further 
keys or 
a return to the on-hook 
state. 


Tone 
Valid 
Standard 
Tone Out 
% Deviation 
Group 
Input 
DTMF (Hz) 
Frequency 
from Standard 


LOW 
ROW 1 
697 
694.8 
-0.32 
GROUP 
ROW 2 
770 
770.1 
+0.02 
fL 
ROW 3 
852 
852.4 
+0.03 
ROW 4 
941 
940.0 
-0.11 


HIGH 
COL1 
1209 
1206.0 
-0.24 
GROUP 
COL2 
1336 
1331.7 
-0.32 
fH 
COL3 
1477 
1486.5 
+0.64 
COL4 
1633 
1639.0 
+0.37 


Function 
Control 
Sequence 


Dial and Store in Register 
0 
t O, .... Ox 


No Dial, Store in Register 
N Only 
tSNO, 
.... Ox 


Scratchpad 
10, ... OxSNO, 
... Oy 


Copy Last Number 
to Register 
N 
... Ox(ll) 
S N i 


Auto-Dial 
Register 
N 
IRN 


Last Number 
Redial 
IRO 


PBX Access 
I (0,) (02l R 0 or N 


o Tones 
o (TP5660) 


00 
(TP5650) Note 1 
# Tones 
# (TP5660) 
## (TP5650) Note 2 


Note 1: .• key is also STORE key S on TP5650 


Note 2: # key is also REDIAL key A on TP5650 


Note 3: N is a long-term 
storage register 
numbered 
from 1-9 


Note 4: t indicates on-hook to Off-hook,! 
indicates off-hook to on-hook 


Nots 5: Entries in brackets may be omitted 


S (for store) and R (for redial) entries 
refer to TP5660 only. 


o is shown 
in brackets 
to replace 
Sand 
# is shown 
in 
brackets 
to replace 
R on the TP5650 only. 


Telephone 
numbers 
are stored 
in 10 registers, 
numbered 
0-9. Register 
0 always 
stores 
the last number 
which 
was 
manually 
dialed, 
and 
remains 
unchanged 
during 
auto- 
matic 
dialing. 
Register 
contents 
can 
only 
be modified 
while off-hook. 


Numbers 
are stored 
in long-term 
registers 
1-9 by entering 
S (0), then N and then the telephone 
number, where 
N is 
the register 
number. Other 
registers 
can be successively 
modified 
by entering 
a new S (0), N, followed 
by the tele- 
phone 
number. 
Once an S (0) key is entered, 
no further 
digit tone outputs 
are possible 
until after an on-hook reset. 


This facilitates 
the Scratchpad 
feature, whereby 
a number 
can be stored 
in a register 
without 
tone outputs 
during 
a 
conversation. 
The 
last 
number 
dialed 
manually 
can 
be 
copied 
from 
register 
0 to any of the 
long·term 
storage 
registers 
by entering 
S (0), N, then going on-hook. 


An attempt 
to store more than 16digits 
in a register will set 
an overflow 
flag 
to 
inhibit 
automatic 
dialing 
from 
that 
register. The flag is reset following 
the next S(o), N entry to 
re-program 
that register. 


In the manual 
dialing 
mode (i.e., direct 
dialing 
from 
the 
keypad), 
tone 
pairs 
are generated 
for the duration 
of a 
valid key closure. 


Automatic 
dialing 
of the number stored 
in register 
N is in- 
itiated 
by entering 
R (#) followed 
by N. The correct 
tone 


Functional Description (Continued) 


pairs are generated 
in alternate 
bursts 
of tones-on, 
tones- 


off until 
the end of the stored 
number. 
During 
this time, the 


keypad 
is locked 
out until 
completion 
of dialing, 
following 


which 
further 
manual 
or automatic 
dialing 
is permitted. 


For PBX applications 
a 1 or 2-digit 
access 
code 
may be 


entered 
prior to the R (#), N code. These access 
digits 
over- 
write 
the previously-stored 
digits 
at the start 
of register 
0, 
the last-number-dialed 
register. 
The user then 
waits 
for a 


second 
dial tone 
before 
entering 
R (#), N to automatically 


dial 
the stored 
number. 


Note that 
if a 2-digit 
access 
code is entered 
followed 
by R 


(#),0, register 
0 is automatically 
dialed 
from 
location 
3 on- 
wards. 
Entering 
either 
a 1 or 2-digit 
access 
code followed 


by R (#), N, automatically 
dials 
register 
N from 
location 
1 


Y+ 


onwards. 
This 
allows 
the 
most 
flexible 
use of registers 
1-9. 
Note 
that 
access 
codes 
should 
not 
be entered 
into 
registers 
1-9, 
either 
manually 
or 
by 
copying 
the 
last 
number 
dialed. 


Adjustment 
of the emitter 
load resistor 
results 
in variation 
of the mean 
DC current 
during 
tone 
generation, 
the sine- 


wave signal 
current 
through 
the output 
transistor, 
and the 


output 
distortion. 
Increasing 
values 
of 
load 
resistance 
decrease 
both 
the signal 
current 
and distortion, 
while 
in- 
creasing 
the source 
impedance 
of the device 
as seen from 
its power 
supply 
terminal. 
Note that 
the DTMF 
generator 
is a current 
source 
which 
modulates 
its own 
supply 
ter- 
minals 
in a conventional 
telephone 
application. 


YDD 


OSC IN 


TPS6S0 


OSC OUT 
4.7 nF 


TONE 


OUTPUT 


RL* 
Yss 


I_,,~~ 
L3ms.sms 


FIGURE 
4b. 
Auto-Redial 
Timing 


9-290 


~National 
~ 
Semiconductor 


The LH0091, 
rms to dc converter, generates a dc output 


equal to 
the 
rms value of 
any input 
per the transfer 


function: 


):r1JOT 
2 
EOUT(DC) = 
EIN 
(t) dt 


The device provides rms conversion to an accuracy of 
0.1% of 
reading 
using the 
external 
trim 
procedure. 
It 
is possible to trim 
for maximum 
accuracy (0.5 mV 


±0.05% typ) 
for decade ranges i.e., 10 mV ..•. 100 mV, 
0.7V ..•.7V, etc. 


Order Number 
LH00910 
LH0091CO 
See Package 0160 


rI 
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I 
I 


11N~1- 
y+o!L-o 


v-~ 


GNO~ 


• 
Uncommitted 
amplifier 
for 
filtering, 
gain, or high 


crest factor configuration 


I" 
15 
14 
13 
11 
11 
10 
, 


- 
r- 


1 
2 
J 
4 
, 
6 
) 
I' 


NC 
v- 
NC 
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ASH 
All-) 
A4(-) 
GNO 


TOPVIEW 
- 


CEXT 
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-t 
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~ 
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4 
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Supply 
Voltage 


Input 
Voltage 


Output 
Short Circuit 
Duration 


Operating 
Temperature 
Range 
LH0091 


LH0091C 


Storage Temperature 
Range 


LH0091 
LH0091C 
Lead Temperature 
(Soldering, 
10 seconds) 


TMIN 
-55°C 


-25°C 


±22V 


±15V peak 


Continuous 
TMAX 


125°C 


85°C 


--65°C to +150°C 


-25°C 
to +85°C 


300°C 


Transfer Function 
= EO(DC) =j ~f: 
EIN2 (t) dt 


Total 
Unadjusted 
Error 
50 mVrms <; VIN <; 7Vrms 
(Figure 1) 
20, ±0.5 
40, ±1.0 
mV,% 


Total 
Adjusted 
Error 
50 mVrms <; VIN <; 7Vrms 
(Figure 3) 
0.5, ±0.05 
1, ±0.2 
mV,% 


Total 
Unadjusted 
Error vs Temperature 
-25°C 
<; TA":; 
+70°C 
0.25, ±0.02% 
mV, %tc 


Total 
Unadjusted 
Error vs Supply 
Voltage 
1 
mV!V 


Frequency 
for Specified 
Adjusted 
Error 
Input = 7Vrms, 
Sinewave (Figure 3) 
30 
70 
kHz 


Input = O.7Vrms. 
Sinewave (Figure 3) 
40 
kHz 


Input 
= O.lVrms. 
Sinewave 
(Figure 3) 
20 
kHz 


Frequency 
for 1% Additional 
Error 
Input 
= 7Vrms, 
Sinewave (Figure 3) 
100 
200 
kHz 


Input 
= O.7Vrms. 
$inewave 
(Figure 3) 
75 
kHz 


Input = 0.1 Vrms, Sinewave (Figure 3) 
50 
kHz 


Bandwidth 
(3 dB) 
Input = 7Vrms, 
Sinewave (Figure 3) 
2 
MHz 


Input = O.7Vrms, 
Sinewave (Figure 3) 
1.5 
MHz 


Input = O.lVrms, 
$inewave 
(Figure 31 
0.8 
MHz 


Crest Factor 
Rated 
Adjusted 
Accuracy 
Using 
the High 
5 
10 


Crest Factor Circuit 
(Figure 5) 


Input Voltage 
Range 


Input 
Impedance 


Rated Output 
Voltage 
RL ~ 2.5 kn 
10 
V 


Output 
Short Circuit 
Current 
22 
mA 


Output 
Impedance 
1 
n 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VOS 
Input Offset 
Voltage 
RS:O;10 
kr! 
1.0 
,0 
mV 


10S 
I nput Offset Current 
4.0 
200 
nA 


IB 
Input 
Bias Current 
30 
500 
nA 


RIN 
Input 
Resistance 
2.5 
Mr! 


AOL 
Large Signal Voltage 
Gain 
VOUT 
= ±10V, 
RL ~ 2 kr! 
15 
160 
V/mV 


Vo 
Output 
Voltage 
Swing 
RL=10kr! 
±10 
±13 
V 


VI 
I nput Voltage 
Range 
±10 
V 


CMRR 
Common-Mode 
Rejection 
Ratio 
RS:O; 10 kr! 
90 
dB 


PSRR 
Supply 
Voltage 
Rejection 
Ratio 
RS:O;10 
kr! 
96 
dB 


ISC 
Output 
Short-Circuit 
Current 
25 
mA 


Sr 
Slew Rate (Unity 
Gain) 
0.5 
V/l1s 


BW 
Small Signal Bandwidth 
1.0 
MHz 


~ 
c 
~ 


co 
!': 
0.1 
'"co 
~ 
•...~ 
•...~ 
co 


0.01 


1k 


HIGH 
CREST 


FACTOR 
CIRCUIT 


I 
I 
I 
I 


THISTESTISODNEWITHAPUlSETR 
.•.'N 
v,' IOIl.PW- 
200". 
DUTY 
CYCLE 
CHANCED 
TO 08TAIN 
DlFHREIfT 
CREST FACTORS 


RT = 240k 


CEXT:O:: 1~F. 1:0:: 1 kHz 


Note. The easy trim 
procedure 
is used for 
ae coupled input 
signals. 
It involves 
two 
trims 
and 
can 
achieve 
accuracies 
of 2 mV 
offset 
±O.l% 
reading. 


Procedure: 


1. Apply 
100 mV 
rms (sine wave) to input. 
adjust R3 until 


the output 
reads 100 mVDC' 


2. 
Apply 
5 V rms 
(sine wave) 
to 
input. 
adjust 
R4 until 
the 
output 
reads 
5 VOC' 


3. 
Repeat 
steps 
1 and 
2 
until 
the 
desired 
initial 
accuracy 
is 
achieved. 


R 1 = de symmetry 
balance 
R2 
Input offset 
R3 
Output offset 
R4 
Gain adjust 


Procedure: 


1. 
Apply 
50 mVOC 
to the input. 
Read and record 
the output. 


2. Apply 
-50 
mVOC to the input. Use R2 to adjust for an 
output 
of the same magnitude as in step 1. 


3. 
Apply 
50 mV to the input. Use R3 to adjust the output for 


50mV. 


4. 
Apply 
-50 
mV 
to 
input. 
Use 
R2 
to 
adjust 
the 
output 
for 


50mV. 


5. 
Apply 
±10V 
alternately 
to 
the 
input. 
Adjust 
R1 
until 
the 
output 
readings 
for 
both 
polarities 
are equal 
lnot 
necessary 
that 
they 
be exactly 
10V). 


6. 
Apply 
10V 
to 
the 
input. 
Use 
R4 
to 
adjust 
for 
10V 
at the 
output. 


7. 
Repeat 
this procedure 
to obtain 
the desired 
accuracy. 


R1 =R2=16k 
C1 = C2 = 1~F 


10", 10 Hz 


R1 
3M 
SOD 


16 
IS 


Note. 
When 
converting 
signals with 
a 
crest 
factor 
~ 
2, 
the 
LHOO91 
should 
be connected 
as shown. 
Note 
that 
this circuit 


utilizes 
a 20k 
resistor 
to drop 
the 
input 
current 
by a factor 
of 


five. The frequency 
response will 
correspond 
to a voltage which 


is 1/5 "IN. 


Note. 
Response 
time 
of 
the de output 
voltage 
is dominated 
by 
the 
RC 
time 
constant 
consisting 
of 
the 
total 
resistance 
between 
pins 9 and 10 and the external 
capacitor, 
CEX. 


True 
rms to 
de Converter: 
A device which 
converts 


any signal lac, dc, ac + dc) to the dc equivalent of the 
rms value. 


Error: 
is the amount by which the actual output differs 


from the theoretical 
value. Error is defined as a sum of a 


fixed 
term 
and a percent of 
reading term. The fixed 


term 
remains constant, 
regardless of 
input 
while 
the 


percent of reading term varies with the input. 


Total 
Unadjusted Error: 
The total 
error of the device 


without 
any external adjustments. 


Bandwidth: 
The 
frequency 
at 
which 
the 
output 
dc 


voltage drops to 0.707 of the dc value at low frequency. 


Frequency for 
Specified 
Error: 
The error 
at low fre- 


quency is governed by the size of the external averaging 
capacitor. At high frequencies, error is dependent on the 
frequency 
response of the internal 
circuitry. 
The fre- 


quency 
for 
specified 
error 
is the 
maximum 
input 
frequency 
for 
which 
the 
output 
will 
be within 
the 
specified error 
band (i.e., frequency for 1%error means 
the 
input 
frequency 
must 
be less than 
200 kHz to 
maintain an output 
with an error of less than 1% of the 
initial reading. 


Crest Factor: 
is the peak value of a waveform divided 
by the rms value of the same waveform. For high crest 
factor 
signals, the performance of the I-H0091 
can be 
improved 
by 
using the 
high crest factor 
connection. 


••••• 
__ 
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General Description 


The LH0094 multifunction 
converter generates an output 


voltage per the transfer function; 


Eo = Vy ~z)m, 
0.1 -:; m -:; 10, m continuously 
\ V x 
adjustable 


• 
Low cost 


• 
Versatile 


• 
High accuracy-0.05% 


• 
Wide supply range-±5V 
to ±22V 


• 
Minimum 
component 
count 


• 
Internal 
matched 
resistor pair for setting m = 2 and 


m = 0.5 


• 
Precision divider, multiplier 


• 
Square root 


• 
Square 
• 
Trigonometric 
function 
generator 


• 
Companding 


• 
Linearization 


• 
Control systems 


• 
Log amp 


Order 
Number 
LH00940 
LH0094CO 
See Package 
0160 


Simplified Schematic 


12 


13 
V, 


lOOk 


-=- 


v, 


lOOk 


16 


Vy 


lOOk 


-=- 
~ 
~6 
100 
!7 
100 
~8 


Absolute Maximum Ratings 


Supply Voltage 
±22V 


Input Voltage 
±22V 


Output Short·Circuit 
Duration 
Continuous 


Operating Temperature Range 


LHOO94CD 
-25°C to +85°C 


LHOO94D 
-55°C to +125°C 


Storage Temperature Range 


LHOO94D 
-65°C to +150°C 


LH0094CD 
-55°C to +125°C 


Lead Temperature (Soldering, 10seconds) 
300°C 


Electrical Characteristics 
Vs = ±15V, TA = 25°C unless otherwise specified. Transfer function: Eo = Vy 
Vz m 
- 
; 


0.1 •• m" 
10; OV•• Vx• Vy, Vz•• 10V 
Vx 


LHOO94 
LHOO94C 


Parameter 
Conditions 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Accuracy 


Multiply 
VzVy 
V. F.S. 
Eo = 
<0.03•• Vy •• 10V; 0.01 •• Vz•• 10V) 


Untrimmed 
(Figure 2) 
0.25 
0.45 
0.45 
0.9 
(10V) 
External Trim 
(Figure 3) 
0.10 
0.1 
% F.S. 


vs. Temperature 
0.2 
0.2 
mV/oC 


Divide 
Eo = 10VzIVx 
Untrimmed 
(Figure 4) 0.5 •• Vx •• 10; 0.01 •• Vz•• 10) 
0.25 
0.45 
0.45 
0.9 
% F.S. 


External Trim 
(Figure 5), (0.1 •• Vx" 
10; 0.01 •• Vz" 
10) 
0.10 
0.1 
% F.S. 


vs. Temperature 
0.2 
0.2 
mV/oC 


Square Root 
Eo = 10y' Vz/10 


Untrimmed 
(Figure 8), (0.03 •• Vz" 
10 
0.25 
0.45 
0.45 
0.9 
% F.S. 


External Trim 
(Figure 9), (0.01•• Vz•• 10 
0.15 
0.15 
% F.S. 


Square 
Eo = 10 (Vz/10)2(0.1•• Vz" 
10) 
Untrimmed 
(Figure 6) 
0.5 
1.0 
1.0 
2.0 
% F.S. 


External Trim 
(Figure 7) 
0.15 
0.15 
% F.S. 


Low Level 
Eo = y'10Vz; 5.0 mV •• Vz" 
10V (Figure 10) 
0.05 
0.05 
% F.S. 


Square Root 


Exponential 
m =0.2, Eo = 10 (Vz/10)2 (Figure 11),(0.1•• Vz" 
10) 
0.05 
0.08 
% F.S. 


Circuits 
m = 5.0, Eo = 10 (Vz/10)5 (Figure 11),(1.0 •• Vz" 
10) 
0.05 
0.08 
% F.S. 


Output Offset 
IVx = 10V, Vy=Vz =0 
~ 
AC Characteristics 


3dB Bandwidth 
m=1.0, Vx=10V, Vy=0.1Vrms 
10 
10 
kHz 


Noise 
10Hz to 1.0kHz, m=1.0, Vy=Vz=OV 
Vx = 10V 
100 
100 
"V/rms 
Vx =0.1 V 
300 
300 
"V/rms 


Exponents 


m 
I 
I~ 
5.0 
10 
5.0 
10 


Input Characteristics 


Input Voltage 
(For Rated Performance) 
0 
10 
0 
10 
V 


Input Impedance 
(All Inputs) 
98 
100 
98 
100 
kQ 


Output Characteristics 


Output Swing 
(RL •• 10k) 
10 
12 
10 
12 
V 


Output Impedance 
1.0 
1.0 
Q 


Supply Current 
(Vs= ±15V), Note 1 
3.0 
5.0 
3.0 
5.0 
mA 


I 
Applications 
Information 


J: 
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Power 
supply 
bypass 
capacitors 
(0.1 
/lFl 
are 
recom· 
mended 
for all applications. 


The 
LH0094 
series 
is designed 
for 
positive 
input 
signals 
only. 
However, 
negative 
input 
up to the 
supply 
voltage 


will not 
damage 
the device. 


A clamp 
diode 
(Figure 
1) 
is recommended 
for 
those 
applications 
in 
which 
the 
inputs 
may 
be subjected 
to 
open 
circuit 
or negative 
input 
signals. 


For 
basic 
applications 
(multiply, 
divide, 
square, 
square 
root) 
it is possible 
to use the 
device 
without 
any 
exter- 


nal 
adjustments 
or 
components. 
Two 
matched 
resistors 
are 
provided 
internally 
to 
set 
m for 
square 
or square 
root. 


When 
using 
external 
resistors 
to 
set 
m, 
such 
resistors 
should 
be as close 
to the device 
as possible. 


RA 
and 
RS 
are 
matched 
internal 
resistors. 
They 
are 
lOOn 
±10%, 
but 
matched 
to 0.1%. 


The 
exponent 
is set 
by 
2 external 
resistors 
or 
it may 
be 
continuously 
varied 
by 
a 
single 
trim 
pot. 
(R 1 + 
R2 ~ 500n. 


R2 
m = --- 
Rt + R2 ~ 200n 


Rt + R2 


(c) m > 1 


~3 
Rt + R2 


m= 
--- R2 


The 
accuracy 
of the 
LH0094 
is specified 
for both 
exter· 


nally 
adjusted 
and unadjusted 
cases. 


Although 
it is customary 
to specify 
the errors 
in percent 
of 
full·scale 
(10Vl, 
it is seen 
from 
the 
typical 
perfor· 


mance 
curves 
that 
the 
actual 
errors 
are 
in percent 
of 
reading. 
Thus, 
the 
specified 
errors 
are 
overly 
conserva· 


tive 
for 
small 
input 
voltages. 
An example 
of this 
is the 


LH0094 
used 
in the 
multiplication 
mode. 
The 
specified 


typical 
error 
is 0.25% 
of 
full-scale 
(25 
mV). 
As seen 


from 
the 
curve, 
the 
unadjusted 
error 
is "" 25 mV at 10V 


input, 
but 
the 
error 
is less than 
10 mV 
for 
inputs 
up to 


lV. 
Note 
also 
that 
if either 
the 
multiplicand 
or 
the 


multiplier 
is at 
less 
than 
10V, 
(5V 
for 
example) 
the 


unadjusted 
error 
is less. Thus, 
the 
errors 
specified 
are at 
full·scale-the 
worst 
case. 


The 
LH0094 
is 
designed 
such 
that 
the 
user 
is able 


to 
externally 
adjust 
the 
gain 
and 
offset 
of the 
device- 


thus 
trim 
out 
all of 
the 
errors 
of 
conversion. 
In most 
applications, 
the 
gain 
adjustment 
is the 
only 
external 


trim 
needed 
for 
super 
accuracy-except 
in 
division 
mode, 
where 
a 
denom 
inator 
offset 
adjust 
is 
needed 


for small 
denominator 
voltages. 


The 
LH0094 
is capable 
of performing 
roots 
to 0.1 
and 
powers 
up 
to 
10. 
However, 
care 
should 
be taken 
when 
applying 
these 
exponents-otherwise, 
results 
may 
be 


misinterpreted. 
For 
example, 
consider 
the 
1/10th 
power 
of 
a number: 
i.e., 
0.001 
raised 
to 
0.1 
power 
is 


0.5011; 
0.1 
raised 
to 
the 
0.1 
power 
is 0.7943; 
a'1d 10 
raised 
to 
the 
0.1 
power 
is 1.2589. 
Thus, 
it is seen 
that 
while 
the 
input 
has 
changed 
4 decades, 
the 
output 
has 


only 
changed 
a little 
more 
than 
a factor 
of 2. It is also 
seen 
that 
with 
as little 
as 1 mV of offset, 
the output 
will 
also be greater 
than 
zero with 
zero 
input. 


Applications Information 
(Continued) 


1. CLAMP 
DIODE 
CONNECTION 


Eo = Vy Vz 
10 


Vy 


01 
lN914 
--*-- 


- 


Vz 


Vx 
Vz 


LH0094 
E 
= Vy 
Vz 
m= 
1 


RA 
RB 


o 
10 


V- 


10V REF 
(LH0070 
OR 
LH0075) 


01 
lN914 
r--"-- 


Note. This clamp diode con· 
nection 
is recommended for 


those 
applications 
in 
which 
the 
inputs 
may 
be subject 
to 
open circuit 
or negative signals. 


MULTIPLY 


Eo = VyVz 
10 


WITHOUT 
EXTERNAL 
ADJUSTMENTS 


-=:=: 
~ 


0.1 


FIGURE 
2b. Typical 
Performance of 
LH0094 in Multiply 
Mode Without 
External Adjustment 


Eo = Vy Vz 
10 


Trim Procedure 


Set Vz = Vy = 10V 
Adjust 
R2 until 
output 
=- 10.0QOV 


r--"""-- 
III 


Vz 
Eo= 10- 
V. 


Vy= 10V REF 


FIGURE 4a. LH0094 Used to Divide (No External Adjustment) 


Trim 
Procedures 


Apply 
IOV to Vy• O.1V to Vx and Vz. 


Adjust 
R3 until 
Eo = 1O.OOOV. 


Apply 
10.000V to all inputs. 


Adjust 
R2 until 
Eo = 10.000V 


Repeat procedure. 


;;s 
0.2 
a:o 
a:a:w 


FIGURE 4b. Typical Performance, Divide Mode, 
Without External Adjustments 
V- 


R3 ~ 


10k 
~ 


v+ 


-.. 
_ *01 
-+ lN914 
I-~ 


Vz 
Eo = 10 -V. 


10V REF 
(lH0070 OR 
lH0075) 


01 
lN914 
--*-- 


FIGURE 6a. Basic Connection of LH0094 (m = 2) without 
External Adjustment 
Using Internal Resistors to Set m 


0.5 


0.4 
..;..: 
0.3 
;;S 
a:0a: 
0.2 
a: 
w 


0.1 


SQUARING 
2 
I 
Eo=10(~~) 


WITHOUT EXTERNAL 
J 
ADJUSTMENT 


I 
I 


""'" ~ 
--!-'....• 


2 
3 
4 
5 


Vz(V) 


FIGURE 6b. Squaring Mode without 
External Adjustment 


0.4 


SQROO~ 
Vz 


Eo=10 
10 


0.3 


.,; 
WITHOUT 
EXTERNAL 


u.: 
AOJUSTMENT 


C 


0.2 
a; 
0a;~ 


0.1 


0.1 
10 


Applications 
Information 
(Continued) 


4. SQUARE 
(Continued) 


( 
Vz) 
1/2 
Eo: 
Vy 
-Vx 


FIGURE 8b. Typical Performance Curve Square Root, 
No External Adjustment 
FIGURE 8a. Basic Connection 
of LH0094 (m = 0.5) 


without External Adjustment 
Using Internal Resistors 


to Set m 


01 
_ 
1N91i 


Trim 
Procedure 


Apply 
10V to Vz 
Adjust R2 for 10.000V 
at output 


H 
z 
Eo = 10 
-10 


Trim Procedure 


Apply 
1QV to all inputs. 


Adjust R2 unt;1 Eo = 10.000V 
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6. LOW LEVEL SQUARE ROOT 


10V 
(lH0070 
OR lH0075) 


01 
lN914 
r---W--- 


m= 
1 


Eo. 
10 
Vz 


Eo 


E02=10VZ 


:. 
Eo=.J10Vz 


5mV 
~ Vz~ 
10V 


Trim 
Procedure 


Set Vz = 10V 


Adjust R2 until output 
= 10.000V 


m 


Eo=10 
(~) 


01 
lN914 
r---W--- 


Trim 
Procedure 


Apply 
10V to all inputs 


Adjust R2 for output 
of 10.000V 


For m = 0.2 
9 
'0 9 


14 


R1 
9 


3 


R2 


~ 


R2 
9 
'0 
R1 
9 
'4 9 


3 


~ 


R2 
m = ---; 
Choo,e R1 = 200n 
R 1 + R2 
:. R2 • son 


Typical Applications 
(Continued) 


(m = 1) 


V12 


VO + V2 


VO = JV12 
+ V22 


V12 
VO= 
V2+ 
--- 
VO + V2 


V02+VOV2=V2 
VO+V22+VI2 


V02 = V12 + V22 


:. 
VO="jVI2+V22 
Vl,V20-10V 


R ~ 10k 
National 
Semiconductor 
resistor array RA08-10k 
is recommended 


(m = 1) 
(m= 1) 


ED= 10~ 
VT 
10 
Vy 
Vy 
lH0094 


Vp 
Vz 
Vx 
VaP 
Vz 


Note. 
The LH0094 
may be used in direct measurement 
of gas flow. 


{PM 
Flow=k 
J T 


Eo=10VPXVap 
VT 
Eo 


E2=10VpVap 
o 
VT 


Eo= 
)10 
Vp 
VaP 
VT 


P = Absolute 
pressure 
T = Absolute 
temperature 
~p = Pressure 
drop 


~ 
Typical Applications 
(Continued) 


:J: 
..J 


Note. 
The 
LH0094 
may 
also 
be 
used 
to generate 
the 
Log of a 
ratio of 2 voltages. The output 
is taken from pin 14 of the 
LH0094 
for the Log application. 


KT 
Vz 
ELOG = 
K1 q 2n Vx 


R1 + R2 
where K1 = 


R2 


1 
If 
Kl 
= 
KT/qQn10 


then 
ELOG = Lag10 
Vz 
Vx 
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LM377 Dual2 
Watt Audio Amplifier. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
10-9 
LM378 Dual4 
Watt Audio Amplifier 
10-14 


LM379 Dual6 
Watt Audio Amplifier 
....................•..........•.................. 
10-18 


LM380 Audio 
Power Amplifier 
10·22 


LM381/LM381A 
Low Noise Dual Preamplifier 
10-26 


LM382 Low Noise Dual Preamplifier 
10-29 


LM383/LM383A 
7 Watt Audio 
Power Amplifier 
10-32 
LM384 5 Watt Audio 
Power Amplifier 
...................•............................. 
10-36 
LM386 Low Voltage 
Audio 
Power Amplifier 
10-40 


LM387/LM387A 
Low Noise Dual Preamplifier 
, 
10-44 


LM3881.5 
Watt Audio 
Power Amplifier 
10-47 


LM389 Low Voltage 
Audio 
Power Amplifier 
with NPN Transistor 
Array 
10·52 
LM3901 
Watt Battery 
Operated 
Audio 
Power Amplifier 
10·59 
LM391 Audio 
Power Driver 
, 
10-64 
LM1035 Dual DC Operated 
TonelVolume/Balance 
Circuit 
10-75 
LM1037 Dual Four-Channel 
Analog 
Switch 
10-80 
LM1038 Dual Four-Channel 
Analog 
Switch 
10-85 
LM1112A/LM1112B/LM1112C 
Dolby B-Type Noise Reduction 
Processor 
10-88 


LM1121A/LM1121B/LM1121C 
Dolby B-Type Noise Reduction 
Processor 
with DC Switching 
10-94 
LM1131A/LM1131B/LM1131C 
Dual Dolby B-Type Noise Reduction 
Processor 
10-97 
LM1310 Phase-Locked 
Loop FM Stereo Demodulator 
10-102 
LM1391 Phase-Locked 
Loop Block 
10-104 
LM1596/LM1496 
Balanced 
Modulator-Demodulator 
10-107 
LM1800 Phase-Locked 
Loop FM Stereo Demodulator 
10-111 
LM1818 Electronically 
Switched 
Audio Tape System 
10-113 


LM1837 Low Noise Preamplifier 
for Autoreversing 
Tape Playback 
Systems 
10-122 
LM1865/LM1965 
Advanced 
FM IF System 
10-132 


LM1866 Low Voltage AM/FM 
Receiver 
10-146 
LM1868 AM/FM 
Radio System 
10-153 
LM 1870 Stereo Demodu lator with Blend 
10-161 
LM1877 Dual Power Audio Amplifier 
10-167 


LM1894 Dynamic 
Noise Reduction 
System 
DNR™ 
10-172 
LM1895/LM2895 
Audio 
Power Amplifier 
10-179 
LM1896/LM2896 
Dual Power Audio Amplifier 
10-184 
LM1897 Low Noise Preamplifier 
for Tape Playback 
Systems 
_ 
10-191 
LM2002/LM2002A 
8 Watt Audio 
Power Amplifier 
10-200 
LM2877 Dual4-Watt 
Power Audio Amplifier 
10-204 


LM2878 Dual5-Watt 
Power Audio Amplifier 
10-210 
LM3011 Wide Band Amplifier 
10-216 
LM3075 FM Detector/Limiter 
and Audio 
Preamplifier 
10-218 
LM3089 FM Receiver 
IF System 
....................................•................ 
10-220 


LM3189 FM IF System 
10-224 


LM3820 AM Radio System 
10-231 
LM4500A 
High Fidelity 
FM Stereo Demodulator 
with Blend 
10-235 


LM13600/LM13600AlLM11600A 
Dual Operational 
Transconductance 
Amplifiers 


With Linearizing 
Diodes and Buffers 
10-242 


LM13700/LM13700A/LM11700A 
Dual Operational 
Transconductance 
Amplifiers 


with Linearizing 
Diodes and Buffers 
10-258 
TBA120S IF Amplifier 
and Detector 
10-274 
TBA120U, TBA120T IF Amplifier 
and Detector 
10-277 
TDA2003 Audio 
Power Amplifier 
10-281 


AM RF/IF/DETECTOR 


Application 
Package 
Voltage 
Input 
Overall 
Signal to 
Notes 
Portable 
Home 
Auto 
Range 
Sensitivity 
AMTHD 
Noise 


LM1866 
• 
• 
• 
N20 
3'1-15'1 
91''1 
0.3% 
50 dB 
Also FM 


LM1868 
• 
• 
N20 
4.5'1-15'1 
121'V 
1.1% 
50dB 
Also FM, audio 


LM3820 
• 
• 
• 
N14 
4.5V-16V 
351'V 
External 
detector 


AM STEREO 
DECODER 


Application 
Package 
Voltage 
Separation 
THO 
Signal to 
Notes 
Portable 
Home 
Auto 
Range 
Noise 


LM1981 
• 
• 
N20 
8'1-18'1 
30 dB 
1.0% 
55 dB 
Decodes 
all systems 


Note: Availability of the LM1981 in production quantities is dependent upon FCC system selection. 


FM IF/DETECTOR 


Application 
Package 
Voltage 
Input 
Signal to 
THO 
Mute 
AGC 
AFC 
Meter 


Portable 
Home 
Auto 
Range 
Sensitivity 
Noise 
Control 
Outputs 
Drive 


LM1865 
• 
• 
N20 
7'1-16'1 
61''1 
84 dB 
0.15% 
• 
• 
• 
• 


LM1866 
• 
• 
• 
N20 
3'1-15'1 
121''1 
76 dB 
0.5% 
• 
• 
• 


LM1868 
• 
• 
N20 
4.5V-15V 
151'V 
64 dB 
1.1% 


LM3011 
• 
• 
Hl0 
6'1-15'1 
3001''1 


LM3075 
• 
• 
• 
N14 
8.5V-12.5V 
250I'V 
1.5% 


LM3089 
• 
• 
N16 
8'1-16'1 
121''1 
70 dB 
0.5% 
• 
• 
• 
• 


LM3189 
• 
• 
N16 
8'1-16'1 
121'V 
80dB 
0.5% 
• 
• 
• 
• 


TBA120 
• 
• 
• 
N14 
6'1-18'1 
301''1 
0.5% 


FM STEREO 
DECODER 


Application 
Voltage 
Channel 
High 
Lamp 
Output 
ARI 


Package 
THO 
Blend 
Interface 


Portable 
Home 
Auto 
Range 
Separation 
Cut 
Driver 
Buffer 
Rejection 


LM1310 
• 
N14 
10V-181J 0.3% 
45 dB 
• 


LM1800 
• 
N16 
10V-18 
0.1% 
45 dB 
• 
• 
LM1870 
• 
• 
• 
N20 
7'1-15'1 0.25% 
45 dB 
• 
• 
• 
• 
LM4500A 
• 
• 
• 
N16 
8'1-16'1 
0.1% 
40 dB 
• 
• 
• 
• 


PREAMPLIFIERS 


Application 
Package 
Voltage 
Equivalent 
THO 
PSR 
Input 
Notes 
Portable 
Home 
Auto 
Range 
Input Noise 
Coupling 


LM381 
• 
• 
N14 
9V-40V 
0.51'V 
0.1% 
120 dB 
AC 
Stereo 


LM382 
• 
• 
• 
N14 
9'1-40'1 
0.81'V 
0.1% 
120 dB 
AC 
Stereo 


LM387 
• 
• 
• 
N08 
9V-30V 
0.651''1 
0.1% 
110dB 
AC 
Stereo 


LM1303 
• 
N14 
10'1-30'1 
0.81''1 
AC 
Stereo 


LM1818 
• 
• 
• 
N20 
3.5V-18V 
0.851''1 
0.05% 
85 dB 
AC 
Tape system 


LM1837 
• 
• 
• 
N18 
4V-18V 
0.61'Vt 
0.03% 
105dB 
DC 
Autoreverse 


LM1897 
• 
• 
• 
N16 
4V-18V 
0.61'Vt 
0.03% 
105dB 
DC 
Few externals 


teclA/ARM 
in DIN circuit referred 10 gain at 1 kHz. 


e Note that all values shown are typical. Please refer to data sheets for test conditions. 


AUDIO 
CONTROLS 


Application 
Package 
Voltage 
Volume 
Signal 
to 
THO 
Separation 
Notes 
Portable 
Home 
Auto 
Range 
Control 
Range 
Noise 


LM1035 
• 
• 
• 
N20 
8V-18V 
80 dB 
80 dB 
0.05% 
70 dB 
Dual DC 
tone/volume/balance 


LM1037 
• 
• 
• 
N18 
5V-30V 
100 dB 
0.04% 
100 dB 
DC audio switch 


LM1038 
• 
• 
• 
N18 
5V-30V 
100 dB 
0.04% 
100 dB 
BCD input 


LM13600 
0.5% 
100 dB 
Transconductance 
• 
• 
• 
N16 
± 2V- ± 18V 
amplifiers 
LM13700 


NOISE 
REDUCTION 


Application 
Package 
Voltage 
NR 
NR 
Encoding 
Singlel 
Decode 
Notes 
Portable 
Home 
Auto 
Range 
Type 
Effect 
Required 
Dual 
SIN 


LM1111 
• 
• 
• 
N16 
6V-18V 
Dolby 
10 dB 
Yes 
Single 
83 dB 
Tightened 
spec 


LM1121 
• 
• 
• 
N16 
6V-18V 
Dolby 
10 dB 
Yes 
Single 
82 dB 
DC switched 


LM1131 
• 
• 
• 
N18 
6V-18V 
Dolby 
10 dB 
Yes 
Dual 
87 dB 
DC switched 


LM1894 
• 
• 
• 
N14 
4.5V-18V 
DNR 
12 dB 
No 
Dual 
76 dB 
NSC system 


LM13700 
• 
N16 
±15V 
C·X 
20 dB 
Yes 
.. 
Phono 


LF347 
• 
N14 
±15V 
C·X 
20 dB 
Yes 
.. 
Phono 


LF353 
• 
N08 
±15V 
C·X 
20 dB 
Yes 
.. 
Phono 


• -The C·X system requires one LM13700 and 8-10 op amps for stereo phone noise reduction. 


AUDIO 
POWER 
AMPLIFIERS 


Application 
Package 
Power 
@ 
Bridgeable 
THO 
Input 
Singlel 
Notes 
Portable 
Home 
Auto 
80 
40 
20 
Voltage 
Noise 
Dual 


LM378 
• 
N14 
5W 
24V 
Yes 
0.1% 
3p.V 
Dual 
See AN·125 


LM379 
• 
S14 
6W 
28V 
Yes 
0.2% 
3p.V 
Dual 
See AN·125 


LM380 
• 
N14/N08 
2.5W 
18V 
0.2% 
Single 
See AN·69 


LM383 
• 
• 
TO·5 
5.5W 
8.6W 
14.4V 
Yes 
0.2% 
2p.V 
Single 
Protected 


LM384 
• 
N14 
5.5W 
22V 
0.25% 
Single 
Fixed gain 


LM386 
• 
• 
N08 
0.33W 
6V 
0.2% 
Single 
4Voperation 


LM388 
• 
N14 
2.2W 
12V 
Yes 
0.1% 
Single 
Minimum 
externals 


LM389 
• 
N18 
0.33W 
6V 
0.2% 
Single 
Includes 
Transistor 
array 


LM390 
• 
N14 
1W 
6V 
Yes 
0.2% 
Single 
Battery 
operation 


LM391 
• 
N16 
60V-100V 
0.01% 
3p.V 
Single 
Power driver 


LM1868 
• 
• 
N20 
0.7W 
9V 
0.2% 
Single 
With AM/FM 


LM1877 
• 
• 
• 
N14 
2W 
20V 
0.05% 
25p.V 
Dual 
6V-24V 


LM2877 
• 
• 
• 
P11 
4.5W 
20V 
0.1% 
2.5p.V 
Dual 
Single-in·line 
package 


LM1895 
• 
• 
• 
N08 
1.1W 
6V 
0.2% 
14p.V Single 
Low AM 
radiation 


LM2895 
• 
• 
• 
P11 
4.3W 
12V 
0.15% 
1.4 p.V Single 
3V-15V 


LM1896 
• 
• 
• 
N14 
1.1W 
6V 
Yes 
0.1% 
1.4 p.V Dual 
Low AM 
radiation 


LM2896 
• 
• 
• 
P11 
2.5W 
9V 
Yes 
0.1% 
1.4p.V 
Dual 
No pops 


LM2002 
• 
• 
TO·5 
5.2W 
8W 
14.4V 
Yes 
0.1% 
2p.V 
Single 
Protected 


LM2878 
• 
P11 
5.5W 
22V 
0.15% 
2.5 p.V Dual 
6V-32V 


·Note that all values shown are typical. Please refer to data sheets for test conditions. 
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AGC dc Output 
Shift: 
The shift 
of the quiescent IC 
output 
voltage of the AGC section for a given change in 
AGC central voltage. 


AGC Figure of Merit (AGC Range): The widest possible 
range of input signal level required to make the output 
drop by a specified amount from the specified maximum 
output level. 


AGC 
Input 
Current: 
The current 
required to bias the 
central voltage input of the AGC section. 


AM 
Rejection 
Ratio: 
The ratio of the recovered audio 
output 
produced 
by a desired FM signal of specified 
level and deviation 
to the recovered audio output 
pro· 
duced by an unwanted AM signal of specified amplitude 
and modulating index. 


Channel Separation: 
The level of 
output 
signal of an 
undriven 
amplifier 
with 
respect to the output 
level of 
an adjacent driven amplifier. 


Detection 
Bandwidth: 
That frequency 
range about the 
free running frequency of the tone decoder/phase locked 
loop where a signal above a specified level will cause a 
detected signal condition 
at the output. 


Detection 
Bandwidth 
Skew: 
The measure of how well 
the 
detection 
bandwidth 
is centered 
about 
the 
free 
running frequency. It is equal to the maximum detection 
bandwidth 
frequency plus the minimum detection band- 
width frequency 
minus twice the free running frequency. 


Hold 
In 
Range: That 
range of 
frequencies 
about 
the 
free running frequency for which the phase locked loop 
will stay in lock if initially 
starting out in lock. 


Input 
Bias Current: 
The 
average of 
the 
two 
input 
currents. 


Input 
Resistance: The 
ratio 
of 
the 
change in 
input 
voltage to the change in input 
current 
on either input 
with the other grounded. 


Input 
Sensitivity: 
The minimum 
level of 
input 
signal 
at a specified frequency 
required to produce a specified 


signal·to·noise 
ratio 
at 
the 
recovered 
audio 
output. 


Input 
Voltage 
Range: The 
range of 
voltages on the 
input 
terminals 
for which the amplifier 
operates within 


specifications. 


Large-Signal 
Voltage 
Gain: 
The 
ratio 
of 
the 
output 
voltage swing to the change in input voltage required to 
drive the output from zero to this voltage. 


Limiting 
Threshold: 
In FM the input signal level which 
causes the recovered audio output 
level to drop 3 dB 
from the output 
level with a specified large signal input. 


Lock 
In 
Range: That 
range of 
frequencies about the 
free 
running 
frequency 
for 
which 
the 
phase locked 
loop will come into lock if initially 
starting out of lock. 


Maximum 
Sweep Rate: 
The 
maximum 
rate that 
the 
vca may be made to vary its oscillating frequency over 
its Sweep Range. 


Output 
Resistance: The ratio of the change in output 
voltage to the change in output 
current with the output 
around zero. 


Output 
Voltage Swing: 
The peak output 
voltage swing, 
referred to zero, that can be obtained without 
clipping. 


Phase Detector 
Sensitivity: 
The change in the output 
voltage of the phase detector for a given change in phase 
between the two 
input 
signals to 
the phase detector. 


Power Bandwidth: 
That frequency at which the voltage 
gain 
reduces to 1/V2 with 
respect to 
the flat 
band 
voltage gain specified for a given load and output 
power. 


Power Supply 
Rejection: 
The ratio 
of 
the change in 
input 
offset 
voltage 
to 
the 
change in 
power 
supply 
voltages producing it. 


Slew 
Rate: 
The 
internally 
limited 
rate of 
change in 
output 
voltage 
with 
a large amplitude 
step function 
applied to the input. 


Supply 
Current: 
The current 
required from 
the power 
supply 
to 
operate the amplifier 
with 
no load and the 
output at zero. 


Sweep 
Range: That 
ratio 
of 
maximum 
oscillating 
frequency 
to 
minimum 
operating 
frequency 
produced 
by 
varying 
the 
central 
voltage of the 
VCO from 
its 
maximum value to its minimum 
value with 
fixed values 
of timing resistance and capacitance. 


vca 
Sensitivity: 
The 
change in 
operating 
frequency 
for a given change in VCO central voltage. 


~National 
~ 
Semiconductor 


LM377 Dual 2 Watt Audio Amplifier 


General 
Description 


The LM377 
is a monolithic 
dual power amplifier 
which 
offers high quality 
performance 
for stereo phonographs, 


tape players, recorders, and AM-FM 
stereo receivers, etc_ 


The LM377 will deliver 2W/channel 
into 8 or 1611 loads. 
The amplifier 
is designed to operate with a minimum 
of 


external 
components 
and contains an internal 
bias regu- 


lator 
to 
bias each amplifier. 
Device overload protection 
consists 
of 
both 
internal 
current 
limit 
and 
thermal 


shutdown. 
For 
more 
information, 
see AN-125. 
The 
LM377 
is not 
recommended 
for 
new designs; see the 
LM1877 
data 
sheet for 
an 
improved 
pin-for-pin 
re- 


placement to the LM377 in audio applications. 


• 
Avo 
typical 
90 dB 


• 
2W per channel 


• 
70 dB ripple rejection 


• 
75 dB channel separation 


• 
Internal stabilization 


• 
Self centered biasing 


• 
3 MI1 input impedance 


• 
10-26V 
operation 


• 
Internal current limiting 


• 
Internal thermal protection 


• 
Multi-channel 
audio systems 


• 
Tape recorders and players 


• 
Movie projectors 


• 
Automotive 
systems 


• 
Stereo phonographs 


• 
Bridge output 
stages 


• 
AM-FM 
radio receivers 


• 
Intercoms 


• 
Servo amplifiers 


• 
Instrument 
systems 


BIAS 
" v' 


OUTPUTl 
130UTPUl2 


GNO 
11 


GNO 


GNO • 
GNO 


GNO 
" GNO 


INPUT 1 
INPUT 2 


FEEDBACK 
1 
FHDBACK2 


Typical Applications 


Simple Stereo Amplifier 
".. 


INPUT1~ 


O.h,F 


Supply 
Voltage 


Input 
Voltage 


Operating 
Temperature 


Storage Temperature 


Junction 
Temperature 


Lead Temperature 
(Soldering, 
10 seconds) 


26V 


OV - VSUPPLY 


O°C to +70°C 


-65°C 
to +150°C 


150°C 


300°C 


Electrical 
Characteristics 


Vs = 20V, TTAB = 25°C, 
RL = Bn, Av = 50 (34 dBl. 
unless otherwise 
specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Total 
Supply 
Current 
POUT = OW 
15 
50 
mA 


POUT = 1.5W/Channel 
430 
500 
mA 


DC Output 
Level 
10 
V 


Supply 
Voltage 
10 
26 
V 


Output 
Power 
T.H.O. 
= < 5% 
2 
2.5 
W 


T.H.O. 
POUT = 0.05W/Channel, 
f = 1 kHz 
0.25 
% 


POUT = lW/Channel, 
f = 1 kHz 
0.07 
1 
% 


POUT = 2W/Channel, 
f = 1 kHz 
0.10 
% 


Offset 
Vol tage 
15 
mV 


Input 
Bias Current 
100 
nA 


Input 
Impedance 
3 
Mn 


Open Loop 
Gain 
Rs = on 
66 
90 
dB 


Output 
Swing 
Vs-u 
Vp.p 


Channel Separation 
CF = 250llF, 
f = 1 kHz 
50 
70 
dB 


Ripple 
Rejection 
f = 120 Hz, CF = 250llF 
60 
70 
dB 


Current 
Limit 
1.5 
A 


Slew Rate 
1.4 
V/Ils 


Equivalent 
Input 
Noise Voltage 
Rs = 600n, 
100 Hz - 
10 kHz 
3 
IlVrms 


Note 
1: 
For 
operation 
at ambient 
temperatures 
greater 
than 
25°C 
the 
LM377 
must 
be derated 
based 
on a maximum 
150°C 
junction 
temperature 
using a thermal 
resistance which depends upon device mounting 
techniques. 


Note 2: 
Dissipation characteristics are shown for four mounting configurations. 
a. Infinite sink - 
13.4°C/W 


b. 
P.C. board 
+V7 
sink 
- 
21°C/W. 
P.C. board 
is 2 1/2 
square 
inches. 
Staver 
V7 sink 
is 0.02 
inch 
thick 
copper 
and has a radiating 
surface 
area 
of 10 square 
inches. 


c. 
P.C. board 
only 
- 
29°C/W. 
Device 
soldered 
to 2 1/2 square 
inch 
P.C. board. 


d. 
Free air - 
5SoC/W. 


Typical Performance Characteristics 


Maximum 
Dissipation 
vs 
Supply Current vs 
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Open Loop Gain 
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~National 
~ 
Semiconductor 


LM378 Dual 4 Watt Audio Amplifier 


General 
Description 


The LM378 
is a monolithic 
dual power amplifier 
which 


offers high quality 
performance 
for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 


The LM378 will deliver 4W channel into 8 or 16Sl loads. 
The amplifier 
is designed to operate with a minimum 
of 


external 
components 
and contains an internal 
bias regu- 


lator 
to bias each amplifier. 
Device overload protection 


consists 
of 
both 
internal 
current 
limit 
and 
thermal 


shutdown. 
For more information 
seeAN-125. 


• 
Avo 
typical 90 dB 


• 
4W per channel 


• 
70 dB ripple rejection 


• 
75 dB channel separation 


• 
Internal stabilization 


• 
Self centered biasing 


• 
3 MSl input impedance 


• 
Internal current 
limiting 


• 
Internal thermal protection 


• 
Multi-channel 
audio systems 


• 
Tape recorders and players 


• 
Movie projectors 


• 
Automotive 
systems 


• 
Stereo phonographs 


• 
Bridge output 
stages 


• 
AM-FM radio receivers 


• 
Intercoms 


• 
Servo amplifiers 


• 
Instrument 
systems 


1] OUTPUll 


12 
GND 


Order Number 
LM378N 
See NS Package 
N14A 


Typical Applications 


Simple 
Stereo Ampl ifier 


lOOk 


Absolute 
Maximum 
Ratings 


Supply 
Voltage 
35V 


Input 
Voltage 
OV - VSUPPLY 
Operating 
Temperature 
O°C to +70°C 


Storage Temperature 
-65°C 
to +150°C 


Junction 
Temperature 
150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics 


Vs = 24V, TTAB = 25°C, 
RL = an, 
Av = 50 (34 dB), unless otherwise 
specified. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Total 
Supply 
Current 
POUT = OW 
15 
50 
mA 


POUT = 1.5W/Channel 
430 
500 
mA 


DC Output 
Level 
12 
V 


Supply 
Voltage 
10 
V 


Output 
Power 
T.H.O. 
= < 5%, RL = an 
4 
5 
W 
T.H.O. 
= < 5%, RL = 16n 
4 
5 
W' 


T.H.D. 
POUT = 0.05W/Channel, 
f = 1 kHz 
0.25 
% 


POUT = 1W/Channel, 
f = 1 kHz 
0.07 
1 
% 


POUT 2W/Channel, 
f = 1 kHz 
0.10 
% 


Offset 
Voltage 
15 
mV 


Input 
Bias Current 
100 
nA 


Input 
Impedance 
3 
Mn 


Open Loop 
Gain 
Rs = on 
66 
90 
dB 


Channel Separation 
CF = 250llF, 
f= 
1 kHz 
50 
70 
dB 


Ripple 
Rejection 
f = 120 Hz, CF = 250llF 
60 
70 
dB 


Current 
Limit 
1.5 
A 


Slew Rate 
1.4 
V/Ils 


Equivalent 
Input 
Noise Voltage 
Rs = 600n, 
100 Hz - 
10 kHz 
3 
IlVrms 


Not. 1: 
For operation 
at ambient 
temperatures 
greater than 2SoC the LM378 must be derated based on a maximum 
150°C junction 
temperature 
using a thermal resistance which depends upon device mounting 
techniques. 


Note 2: 
Dissipation 
characteristics are shown for four mounting 
configurations. 
a. 
Infinite 
sink - 
13.4°C/W 
b. 
P.C. board +V7 sink - 
21°C/W. 
P,C. board is 2 1/2 square inches. Staver V7 sink is 0.02 inch thick 
copper and has a radiating surface 
area of 10 square inches. 


c. 
P.C. board on1v - 29°C/W. 
Device soldered 
to 21/2 
square 
inch P.C. boar.d. 
d. 
Free air - 
58 


QC/W. 
"Tested at Vs = 30V. 
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~National 
~ 
Semiconductor 


LM379 Dual 6 Watt Audio Amplifier 


General 
Description 


The LM379 
is a monolithic 
dual power amplifier 
which 


offers high quality 
performance 
for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 


Order Number 
LM379S 
See NS Package 
S14A 


• 
Self centered biasing 


• 
3 Mn 
input impedance 


• 
Internal current 
limiting 


• 
Internal thermal 
protection 


• 
Multi-channel 
audio systems 


• 
Tape recorders and players 


• 
Movie projectors 


• 
Automotive 
systems 


• 
Stereo phonographs 


• 
Bridge output 
stages 


• 
AM-FM 
radio receivers 


• 
Intercoms 


• 
Servo amplifiers 


• 
Instrument 
systems 
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The LM379 
will deliver 6W/channel 
to an an 
load. The 


amplifier 
is designed 
to 
operate 
with 
a minimum 
of 


external 
components 
and contains an internal 
bias regu- 
lator 
to 
bias each amplifier. 
Device overload 
protection 


consists 
of 
both 
internal 
current 
limit 
and 
thermal 


shutdown. 
For more information, 
see AN-125. 


Features 


• 
Avo 
typical 
90 dB 


• 
6W per channel 


• 
70 dB ripple rejection 


• 
75 dB channel separation 


• 
Internal 
stabilization 


Typical Applications 


Simple Stereo Amplifier 


100. 


Supply 
Voltage 


Input 
Voltage 


Operating 
Temperature 


Storage Temperature 


Junction 
Temperature 
Lead Temperature 
(Soldering, 
10 seconds) 


35V 


OV - 
VSUPPLY 
O°C to +70°C 


-65°C 
to +150°C 


150°C 


300°C 


DC Output 
Level 


Supply 
Voltage 


POUT = OW 
POUT = 1.5W/Channel 


T.H.D. 
= 5% 


T.H.D. 
= 10% 


POUT = 1W/Channel, 
f = 1 kHz 


POUT = 4W/Channel, 
f = 1 kHz 


RS = on 


CF = 2501lF, f = 1 kHz 


f = 120 Hz, CF = 250llF 


TYP 
MAX 
UNITS 


15 
65 
mA 


430 
mA 


14 
V 


V 


6 
W 


7 
W 


0.07 
% 


0.2 
% 


15 
mV 


100 
nA 


Mn 


90 
dB 


70 
dB 


70 
dB 


1.5 
A 


1.4 
V/Ils 


3 
IlVrms 
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~National 
~ 
Semiconductor 


LM380 Audio Power Amplifier 


General 
Description 


The 
LM380 
is a power audio amplifier 
for con· 
sumer application. 
In order to hold system cost to 


a minimum, 
gain is internally 
fixed 
at 34 dB. A 
unique 
input 
stage allows 
inputs 
to 
be ground 
referenced. 
The 
output 
is 
automatically 
self 
centering to one half the supply voltage. 


The 
output 
is short 
circuit 
proof 
with 
internal 


thermal 
limiting. 
The package outline 
is standard 
dual-in-line. 
A copper lead frame is used with the 
center three pins on either side comprising a heat 
sink. This makes the device easy to use in standard 
p-c layout. 


Uses include simple phonograph amplifiers, 
inter- 
coms, 
line 
drivers, 
teaching 
machine 
outputs, 
alarms, ultrasonic drivers, TV sound systems, AM· 
FM radio, small servo drivers, power converters,etc. 


A selected part for more power on higher supply 
voltages 
is 
available 
as the 
LM384. 
For 
more 


information 
see AN·69. 


• 
Wide supply voltage range 


• 
Low quiescent power drain 


• 
Voltage gain fixed at 50 


• 
High peak current capability 


• 
Input referenced to GND 


• 
High input impedance 


• 
Low distortion 


• 
Qu iescent output 
voltage is at one-half 
of the 
supply voltage 


• 
Standard dual·in·line 
package 


BYPASS 
1 
14 
Vs 


NC 1 


NDN·INVERTING 
INPUT 
2 
13 
Ne 


'GNaf: 


12} 
NON·INVERTING 
INPUT 
2 


11 
GND· 
" 


INVERTING 
INPUT 
] 


INVERTING 
INPUT 
6 
, NC 


GNO 
1 
, vOO• 
GND 
4 


-HeltsinkPim 


Order Number 
LM380N 
See NS Package 
N14A 
Order Number 
LM380N·8 
See NS Package 
N08B 


Supply Voltage 
Peak Current 
Package Dissipation 
l4-Pin 
DIP (Notes 6 and 7) 


Input Voltage 
Storage Temperature 
Operating Temperature 
Junction 
Temperature 


Lead Temperature 
(Soldering, 
10 see) 


22V 
1.3A 
lOW 
±0.5V 
_65°C to +150°C 
O°Cto +70° C 
+150°C 
+300°C 


Electrical 
Characteristics 
(Note 1) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Power 
POUT(RMS) 
(Notes 3, 4) RL = an, 
THO = 3% 
2.5 
W 


Gain 
Av 
40 
50 
60 
VIV 


Output Voltage Swing 
VOUT 
RL = an 
14 
Vp-p 


Input 
Resistance 
l'N 
150k 
n 


Total 
Harmonic 
Distortion 
THO 
(Note 4,5) 
0.2 
% 


Power Supply 
Rejection 
Ratio 
PSRR 
(Note 2) 
3a 
dB 


Supply Voltage 
Vs 
(Note a) 
10 
22 
V 


Bandwidth 
BW 
POUT= 2W, RL = an 
lOOk 
Hz 


Quiescent 
Supply 
Current 
10 
7 
25 
mA 


Ouiescent 
Output 
Voltage 
VOUTO 
a 
9.0 
10 
V 


Bias Current 
IB1AS 
Inputs Floating 
100 
nA 


Short 
Circu it Current 
Isc 
1.3 
A 


Note 
1: 
Vs::: 18V and TA::: 25°C unless otherwise 
specified. 


Note 2: 
Rejection ratio referred to the output with CBYPASS::: 
5 JJF. 


Note 3: 
With device Pins 3, 4, 5,10,11,12 
soldered into a 1/16" 
epoxy glassboard with 2 ounce copper foil with a minimum 
surface of 6 square inches. 


Note 4: 
If oscillation exists under some load conditions, add 2.7n and 0.1 j.lfd series network from Pin 8 to Gnd. 
Not. 5: CBYPASS= 0.47 I'fd on Pin 1. 
Note 6: 
The maximum 
junction temperature 
of the LM380 
is 150°C. 


Note 7: 
The package is to be derated at 12°C/W 
junction 
to heat sink pins. 


Note 8: 
Can select for 8V operation. 
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LIVI"OIiLIVI-'OlA 
LOW NOise uual preamplifier 


General 
Description 


The 
LM381/LM381A 
is a dual 
preamplifier 
for 


the amplication 
of low level signals in applications 
requiring 
optimum 
noise performance. Each of the 
two 
amplifiers 
is completely 
independent, 
with 
individual 
internal 
power 
supply 
decoupler- 


regulator, 
providing 
120 d8 supply 
rejection 
and 
60 
d8 
channel 
separation. 
Other 
outstanding 
features include high gain (112 dB), large output 
voltage 
swing 
(Vcc 
-2V) 
pop, and wide 
power 


bandwidth (75 kHz, 20V p_p). The LM381 /LM381 A 
operates from a single supply across the wide range 
of 9 to 40V. 


Either 
differential 
input 
or 
single ended 
input 


configurations 
may 
be 
selected. 
The 
amplifier 


is internally 
compensated 
with 
the provision 
for 


additional 
external compensation 
for narrow band 
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Typical Applications 


-:r,,"f 


Typical Tape Playback Amplifier 


TM T2~f 


Two-Pole Fast Turn-On NAB Tape Preamp 


applications. 
For additional 
information 
see AN- 


64, AN-104. 


• 
Low Noise - 
.5 /lV total input noise 


• 
High Gain - 
112 dB open loop 


• 
Single Supply Operation 


• 
Wide supply range 9-40V 


• 
Power supply rejection 
120 dB 


• 
Large output 
voltage swing (Vcc -2V)p_p 


• 
Wide bandwidth 
15 MHz unity gain 


• 
Power bandwidth 
75 kHz, 20 Vp-p 


• 
Internally 
compensated 


• 
Short circuit 
protected 
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See NS Package 
N14A 
[i 


"':il 


+ 
+ 


on 


-=- 
-=- 
12.1lI_ 


, 


" 
5001(" 
I 
N°--1t-~-.J 


Absolute Maximum Ratings 


Supply Voltage 


Power Dissipation (Note 1) 
Operating Temperature 
Range 
Storage Temperature 
Range 


lead Temperature 
(Soldering, 10 see) 


+40V 


71SmW 


O°C to 70°C 
-6SoC to +lS0°C 


300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Voltage Gain 
Open Loop (Differential 
Input), f = 100 Hz 
160,000 
VIV 


Open loop 
(Single Ended), f = 100 Hz 
320,000 
VIV 


Supply Current 
Vee9to40V,RL=~ 
10 
mA 


Input Resistance 


(Positive Input) 
100 
kn 


(Negative Inputl 
200 
kn 


Input Current 


(Negative Inputl 
OS 
f.lA 


Output Resistance 
Open loop 
150 
n 


Output Current 
Source 
8 
mA 


Sink 
2 
mA 


Output Voltage Swing 
Peak-to-Peak 
Vec - 2 
V 


Unity Gain 8andwidth 
15 
MHz 


Power 8andwidth 
20 Vp_p (Vee = 24V) 
75 
kHz 


Maximum Input Voltage 
Linear Operation 
300 
mVrms 


Supply Rejection Ratio 
f = 1 kHz 
120 
dB 


Channel 
Separation 
f = 1 kHz 
60 
dB 


Total Harmonic Distortion 
60 dB Gain, f = 1 kHz 
0.1 
% 


Total Equivalent Input 


Noise 
Rs = 600n, 10 - 10,000 Hz (Single Ended Input, 


lM381A 


Flat Gain Circuit, Av = 10001 
0.5 
0.7 
f.lVrms 


lM381 
0.5 
1.0 
f.lVrms 


Typical Performance 
Characteristics 
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~National 
~ 
Semiconductor 


LM382 Low Noise Dual Preamplifier 


General 
Description 


The 
LM382 
is a dual preamplifier 
for 
the ampli- 
cation 
of low 
level signals in applications 
requir- 
ing optimum 
noise performance_ Each of the two 


amplifiers 
is completely 
independent, 
with 
indivi- 


dual 
internal 
power 
supply 
decoupler-regulator, 


providing 
120 dB supply rejection and 60 dB chan- 
nel separation. Other outstanding 
features include 
high gain (100 dB), 
and wide 
power 
bandwidth 
(75 kHz, 20 Vp-p). 
The LM382 
operates from 
a 
single supply across the wide 
range of 9 to 40V_ 


A resistor matrix 
is provided on the chip to allow 
the user to 
select a variety 
of 
closed loop gain 
options 
and 
frequency 
response 
characteristics 
such as flat-band, 
NAB or RIAA 
equalization_ The 


circuit 
is supplied 
in 
the 
14 
lead dual-in-line 


package_ 


• 
Low noise - 0.8 IlV 
total equivalent input noise 


• 
High gain - 
100 dB open loop 


• 
Single supply operation 


• 
Wide supply range 9 to 40V 


• 
Power supply rejection - 
120 dB 


• 
Large output voltage swing 


• 
Wide bandwidth 
- 
15 MHz unity gain 


• 
Power bandwidth 
- 
75 kHz, 20 Vp_p 
• 
Internally compensated 


• 
Short circuit protected. 


Order Number 
LM382N 
See NS Package N14A 


I"(' 


Absolute Maximum Ratings 


Supply Voltage 
+40V 


Power Dissipation 
(Note 1) 
715mW 


Operating 
Temperature 
Range 
oOe to 70°C 


Storage Temperature 
Range 
-65°C 
to +150 


oe 


Lead Temperature 
(Soldering, 
10 see) 
300°C 


Electrical Characteristics 
T A = 25°C, 
Vcr:; = 14V, unless otherwise 
stated. 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


Voltage Gain 
Open Loop. f = 100 Hz 
100,000 
V/V 


Supply Current 
VCC9to40V,RL=~ 
10 
16 
mA 


Output DC Voltage 
6 
V 


Input Resistance 


(Positive Input) 
100 
kn 


(NegativeInput) 
200 
kn 


I nput 
Current 


(NegativeInput) 
0.5 
j1A 


Output Resistance 
Open Loop 
150 
n 


Output Current 
Source 
8 
mA 


Sink 
2 
mA 


Output Voltage Swing 
Peak·to·Peak,RL = 10k 
12 
V 


Unity Gain 8andwidth 
15 
MHz 


Power 
Bandwidth 
20 Vp·p (VCC = 24V) 
75 
kHz 


Maximum 
Input 
Voltage 
Linear Operation 
300 
mVrms 


Supply Rejection Ratio 
f = 1 kHz 
120 
d8 


Channel 
Separation 
f = 1 kHz 
40 
60 
dB 


Total 
Harmonic 
Distortion 
60 dB Gain, f = 1 kHz 
0.1 
0.3 
% 


Total Equivalent Input 
RS= 600n, 100- 10,000 Hz 
0.8 
1.2 
/lVrms 
Noise 
(Flat ResponseCircuit) 


Note 
1: 
For operation 
in ambient 
temperatures 
above 25°C, 
the device must be derated 
based on a 150°C 
maximum 
junction 


temperature 
and a thermal 
resistance of 17S 


QC/W 
junction 
to ambien~. 


Typical Performance 
Characteristics 


Large Signal Frequency 
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~National 
~ 
Semiconductor 


LM3831LM383A 7 Watt Audio Power Amplifier 


The 
LM383 
is a cost 
effective, 
high 
power 
amplifier 


suited for automotive 
applications. 
High current 
capabili- 
ty (3.5A) enables 
the device to drive low impedance 
loads 
with 
low 
distortion. 
The 
LM383 
is current 
limited 
and 


thermally 
protected. 
High voltage 
protection 
is available 
(LM383A) which 
enables 
the amplifier 
to withstand 
40V 
transients 
on 
its 
supply. 
The 
LM383 
comes 
in a 5-pin 


TO-220 package. 


• 
High peak current 
capability 
(3.5A) 


• 
Large output 
voltage 
swing 


• 
Externally 
programmable 
gain 


• 
Wide supply 
voltage 
range (5V-20V) 


• 
Few external 
parts required 


• 
Low distortion 


• 
High input 
impedance 


• 
No turn-on 
transients 


• 
High voltage 
protection 
available 
(LM383A) 


• 
Low noise 


• 
AC short circuit 
protected 


1 "."" "mOO 


: 
4 OUTPUT 


3 GROUND 


2 INVERTING 
INPUT 


,...'"..,,"",,~ 


Order Number 
LM383T or LM383AT 


See NS Package T05B 


Absolute Maximum Ratings 


Peak Supply Voltage 
(50 ms) 
LM383A(Note2) 
40V 


LM383 
25V 


Operating 
Supply Voltage 
20V 


Output 
Current 
Repetitive 
3.5A 


Non-repetitive 
4.5A 


Input Voltage 
±0.5V 


Power Dissipation 
(Note3) 
15W 


Operating 
Temperature 
O·Cto + 70·C 


Storage Temperature 
- 60·Cto 
+ 150·C 


Lead Temperature(Soldering, 
10seconds) 
300·C 


Electrical Characteristics 
Vs = 14.4V, TTAB= 25·C, Av = 100 (40 dB), RL = 41l, unless 
otherwise 
specilied 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


DC Output 
Level 
6.4 
7.2 
8 
V 


Quiescent 
Supply 
Current 
Excludes 
Current 
in Feedback 
Resistors 
45 
80 
mA 


Supply 
Voltage 
Range 
5 
20 
V 


Input 
Resistance 
150 
kll 
, 


Bandwidth 
Gain =40 
dB 
30 
kHz 


Output 
Power 
Vs=13.2V, 
1=1 
kHz 


RL=41l, 
THO= 
10% 
4.7 
W 


RL=21l, 
THO= 
10% 
7.2 
W 


Vs=13.8V, 
1=1 
kHz 


RL = 41l, THO = 10% 
5.1 
W 


RL=21l, 
THO= 
10% 
7.8 
W 


Vs=14.4V,I=1 
kHz 


RL = 41l, THO = 10% 
4.8 
5.5 
W 


RL = 21l, THO = 10% 
7 
8.6 
W 


RL = 1.61l, THO = 10% 
9.3 
W 


Vs=16V, 
1=1 
kHz 
RL=41l, 
THO= 
10% 
7 
W 


RL = 21l, THO = 10% 
10.5 
W 


RL = 1.61l, THO = 10% 
11 
W 


THO 
Po=2W, 
RL=41l, 
1=1 
kHz 
0.2 
% 


Po=4W, 
RL=21l, 
1=1 
kHz 
0.2 
% 


Ripple 
Rejection 
Rs=501l, 
1=100 
Hz 
30 
40 
dB 


Rs = 501l, 1= 1 kHz 
44 
dB 


Input 
Noise 
Voltage 
Rs = 0, 15 kHz Bandwidth 
2 
I'V 


Input 
Noise 
Current 
Rs= 
100 kll, 15 kHz Bandwidth 
40 
pA 


Note 1: A 0.2 IJF capacitor 
should be placed as close as possible to pins 3 and 4 for stability. 


Note 2: The LM383 shuts down above 25V. 


Note 3: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 
4"CIW junction 
to case. 
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~National 
~ 
Semiconductor 


The 
LM384 
is a power 
audio 
amplifier 
for consumer 
application. 
In order to hold system cost to a minimum, 
gain is internally 
fixed 
at 34 dB. A unique input stage 
allows inputs to be ground referenced. The output is auto- 
matically 
self-centering 
to one half the supply voltage. 


The output 
is short·circuit 
proof 
with 
internal thermal 


limiting. 
The package outline 
is standard 
dual-in-line. 


A copper lead frame is used with the center three pins on 
either side comprising 
a heat sink. This makes the device 


easy to use in standard p-c layout. 


Uses include 
simple phonograph 
amplifiers, 
intercoms, 
line drivers, teaching machine outputs, alarms, ultrasonic 
drivers, TV sound systems, AM-FM radio, sound projector 
systems, etc. See AN-69 for circuit 
details. 


• 
Quiescent 
output 
voltage 
is at 
one 
half 
of 
the 


supply 
voltage 


• 
Standard dual·in-line 
package 


12} 


11 
GND· 


to 


Order Number 
LM384N 
See NS Package 
N14A 
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'" 
OUT'UT 
III 


BYPASS 


111 


'" 


Supply 
Voltage 


Peak Current 


Power 
Dissipation 


Input 
Voltage 


Storage 
Temperature 


Operating 
Temperature 


Lead Temperature 
(Soldering, 
10 seconds) 


2av 
1.3A 


(See Notes 3 and 4) 


±0.5V 


--B5°C to +150°C 


O°C to +70°C 


300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Resistance (Z,N) 
150 
kn 


Bias Current 
(ISlAS) 
Inputs 
Floating 
100 
nA 


Gain (Av) 
40 
50 
60 
V/V 


Output 
Power (POUT) 
THO 
= 10%, RL = an 
5 
5.5 
W 


Quiescent 
Supply 
Current 
(IQ) 
8.5 
25 
mA 


Quiescent 
Output 
Voltage 
(V OUT Q) 
11 
V 


Bandwidth 
(BW) 
POUT = 2W, RL = an 
450 
kHz 


Supply 
Voltage 
(V·) 
12 
26 
V 


Short 
Circuit 
Current 
(Iscl 
1.3 
A 


Power Supply 
Rejection 
Ratio 
31 
dB 
(PSRRRTQ) 
(Note 
2) 


Total 
Harmonic 
Distortion 
(THD) 
POUT = 4W, RL = an 
0.25 
1.0 
% 


Not8 
1: v+ = 22V 
and T A = 25°C 
operating 
with a Staver V7 heat sink for 30 seconds. 


Not82: 
Rejection ratio referred to the output with CSYPASS 
=- 5J.lF.freq = 120 Hz. 


Note 3: The maximum junction temperature of the LM384 is 150°C. 


Not84: 
The package is to be derated at 12°C/W 
junction to heat sink pins. 


Note 5: 
Output is fully protected against a shorted speaker condition at all voltages up to 22V. 


Typical Performance Characteristics 
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LM386 Low Voltage Audio Power Amplifier 


General 
Description 


The LM386 
is a power amplifier 
designed for use in low 


voltage 
consumer 
applications. 
The 
gain is internally 


set to 
20 
to 
keep external 
part 
count 
low, 
but 
the 
addition 
of an external 
resistor and capacitor 
between 
pins 
1 and 8 will 
increase the 
gain to 
any 
value up 
to 
200. 


The 
inputs 
are ground 
referenced 
while 
the output 
is 
automatically 
biased to one half the supply voltage. The 
quiescent 
power drain is only 
24 milliwatts 
when oper- 
ating 
from 
a 6 volt 
supply. 
making 
the 
LM386 
ideal 


for 
battery 
operation. 


• 
Battery 
operation 


• 
Minimum 
external parts 


• 
Wide supply voltage range 


• 
Low quiescent current drain 


4V-12V 
or 5V-18V 


4mA 


• 
Voltage 
gains from 
20 to 
200 


• 
Ground referenced input 


• 
Self-centering output 
quiescent voltage 


• 
Low distortion 


• 
Eight pin dual-in-line 
package 


• 
AM-FM radio amplifiers 


• 
Portable tape player amplifiers 


• 
Intercoms 


• 
TV sound systems 


• 
Line drivers 


• 
Ultrasonic drivers 


• 
Small servo drivers 


• 
Power converters 


Y'":1. 
101 


Order Number 
LM386N·1. 


LM386N·3 
or LM386N·(' 


See NS Package 
N08B 


Y'":1. 
10'1 


25QpF+) 


I 
I 
...L. 
0.05" 
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Absolute Maximum Ratings 


Supply Voltage (LM386N) 


Supply Voltage (LM386N-4) 
Package Dissipation 
(Note 1) (LM386N-4) 
Package Dissipation 
(Note 2) (LM386) 
Input Voltage 
Electrical Characteristics 
T A 
= 


15V 
22V 


1.25W 
660mW 


±O.4V 


25°C 


--65°C to +150°C 


O°C to +70°C 


+150°C 


+300°C 


Storage Temperature 
Operating Temperature 


Junction 
Temperature 
Lead Temperature 
(Soldering, 10 seconds) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating Supply Voltage (Vs) 
LM386 
4 
12 
V 


LM386N-4 
5 
18 
V 


Quiescent Current (10) 
Vs = 6V, V,N = 0 
4 
8 
mA 


Output 
Power (POUT) 


LM386N-1 
Vs = 6V, RL = 8.11,THO = 10% 
250 
325 
mW 
LM386N-3 
Vs = 9V, RL = 8.11,THO = 10% 
500 
700 
mW 
LM386N-4 
Vs = 16V, RL = 32.11,THO = 10% 
700 
1000 
mW 


Voltage Gain (Av) 
Vs = 6V, f = 1 kHz 
26 
dB 
10IlF from Pin 1 to 8 
46 
dB 


Bandwidth 
(BW) 
Vs = 6V, Pins 1 and 8 Open 
300 
kHz 


Total Harmonic Distortion 
(THO) 
Vs = 6V, RL = 8.11,POUT = 125 mW 
0,2 
% 


f = 1 kHz, Pins 1 and 8 Open 


Power Supply Rejection 
Ratio (PSRR) 
Vs = 6V, f = 1 kHz, CSYPASS= 10llF 
50 
dB 


Pins 1 and 8 Open, Referred to Output 


Input Resistance (R,N) 
50 
k.l1 


Input Bias Current (ISlAS) 
Vs = 6V, Pins 2 and 3 Open 
250 
nA 


Note 
1: 
For operation in ambient temperatures above 2SoC, 
the device must be derated based on a 150°C maximum junction temperature and a 
thermal 
resistance of 100°C/W 
junction 
to ambient. 


Note 
2: 
For operation 
in ambient 
temperatures 
above 25°C, 
the device must be derated 
based on a 150°C 
maximum 
junction 
temperature 
and a 
thermal 
resistance of 18T'C junction 
to ambient. 


To make the LM386 a more versatile amplifier, 
two pins 


(1 and 8) are provided for gain control. 
With pins 1 and 


8 open the 1.35 k.l1 resistor sets the gain at 20 (26 dB). 
If a capacitor 
is put 
from 
pin 
1 to 
8, bypassing the 


1.35 k.l1 resistor, the gain will 
go up to 200 (46 dB). If 


a resistor is placed in series with 
the capacitor, 
the gain 


can be set to any value from 20 to 200. Gain control 
can 


also be done by capacitively 
coupling a resistor (or FET) 


from pin 1 to ground. 


Additional 
external components can be placed in parallel 


with 
the internal feedback resistors to tailor the gain and 


frequency 
response for 
individual 
applications. 
For ex- 


ample, we can compensate 
poor speaker bass response 


by frequency 
shaping the feedback 
path. This 
is done 
with 
a series RC from pin 1 to 5 (paralleling the internal 


15 k.l1 resistor) _For 6 dB effective bassboost: R "" 15 k.l1, 
the lowest value for good stable operation 
is R = 10 k.l1 
if pin 8 is open. If pins 1 and 8 are bypassed then R as 
low as 2 k.l1 can be used. This restriction 
is because the 


amplifier 
is 
only 
compensated 
for 
closed-loop 
gains 


greater than 9. 


The 
schematic 
shows that 
both 
inputs 
are biased to 


ground 
with 
a 50 k.l1 resistor. The base current 
of the 


input 
transistors 
is about 
250 nA, so the inputs are at 


about 
12.5 mV 
when 
left 
open. 
If 
the 
dc source re- 
sistance driVing the LM386 
is higher than 250 k.l1 it will 


contribute 
very little 
additional 
offset 
(about 2.5 mV at 


the 
input, 
50 
mV 
at 
the 
output). 
If 
the 
dc source 


resistance is less than 
10 k.l1, then shorting 
the unused 


input to ground will 
keep the offset low (about 2.5 mV 


at 
the 
input, 
50 
mV 
at the 
output). 
For 
dc source 


resistances between these values we can eliminate excess 
offset 
by 
putting 
a resistor from 
the unused input 
to 


ground, 
equal in value to the dc source resistance. Of 


course all offset 
problems are eliminated 
if the input 
is 


capacitively 
coupled. 


When 
using 
the 
LM386 
with 
higher 
gains (bypassing 


the 1.35 k.l1 resistor between pins 1 and 8) it is necessary 
to 
bypass the unused input, 
preventing 
degradation 
of 


gain and possible instabilities. 
This is done with a 0.11lF 
capacitor 
or 
a short 
to 
ground 
depending 
on the 
dc 


source resistance on the driven input. 


Typical Performance 
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Nota 1: Twist supply lead and supply ground very tightly. 


Not. 
2: 
Twist 
speaker lead and ground very tightly. 


Not. 3: 
Ferrite 
bead 
is 
Ferroxcube 
KS·001·001/3B 
with 
3 


turns of wire. 


Note 4: 
R1 C1 band limits input signals. 


Note 5: 
All components must be spaced very close to IC. 


LM387/LM387A Low Noise Dual Preamplifier 


General Description 
Features 


The LM387 
is a dual preamplifier 
for the amplification 


of 
low 
level signals in applications 
requiring 
optimum 


noise performance. 
Each of the two 
amplifiers 
is com- 
pletely 
independent, 
with 
an 
internal 
power 
supply 


decoupler-regulator, 
providing 
110 dB supply 
rejection 


and 60 dB channel separation. Other outstanding 
features 
include 
high gain (104 dB). 
large output 
voltage swing 


(Vcc-2V)p-p, 
and wide 
power 
bandwidth 
(75 kHz, 
20 
Vp-p). 
The 
LM387A 
is a selected version 
of 
the 


LM387 
that has lower noise in a NAB tape circuit, 
and 


can operate on a larger supply voltage. The LM387 op- 
erates from a single supply across the wide range of 9V 
to 30V, the LM387 A operates on a supply of 9V to 40V. 


1.0 J1Vtotal input noise 


104 dB open loop 
• 
High gain 


• 
Single supply operation 


• 
Wide supply range LM387 
LM387A 


9 to 30V 
9 to 40V 


110dB 
• 
Power supply rejection 


• 
Large output 
voltage swing (Vcc 
- 
2V)p-p 


• 
Wide bandwidth 
15 MHz unity gain 


• 
Power bandwidth 
75 kHz. 20 Vp-p 


• 
Internally 
compensated 


• 
Short circuit 
protected 


• 
Performance similar to LM381 


The 
amplifiers 
are 
internally 
compensated 
for 
gains 


greater than 10. The LM387, 
LM387A 
is available in an 


8-lead 
dual-in-line 
package. The 
LM387, 
LM387 A 
is 


biased like the LM381. See AN-54 and AN-l04. 


----I 
I 
I 
I 
I 
I 
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Order Number 
LM387N 


orLM387AN 
See NS Package 
N08B 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Voltage 
Gain 
Open Loop, 
f = 100 Hz 
160,000 
V!V 


Supply 
Current 
LM387, 
Vcc 
9-30V, 
RL = 00 
10 
mA 


LM387A, 
Vcc 
9-40V, 
RL = 00 
10 
mA 


Input 
Resistance 


Positive 
Input 
50 
100 
kn 


Negative 
Input 
200 
kn 


Input Current 


Negative 
Input 
0.5 
3.1 
I1A 


Output 
Resistance 
Open Loop 
150 
n 


Output 
Current 
Source 
8 
mA 


Sink 
2 
mA 


Output 
Voltage 
Swing 
Peak-to-Peak 
Vcc-2 
V 


Unity 
Gain Bandwidth 
15 
MHz 


Large Signal Frequency 
20 Vp-p (Vcc > 24VI, 
75 
kHz 


Response 
THD:::; 
1% 


Maximum 
Input 
Voltage 
Linear Operation 
300 
mVrms 


Supply 
Rejection 
Ratio 
f ~ 1 kHz 
110 
dB 


Input 
Referred 


Channel Separation 
f = 1 kHz 
40 
60 
dB 


Total 
Harmonic 
Distortion 
60 dB Gain, f = 1 kHz 
0.1 
0.5 
% 


Total 
Equivalent 
Input 
10-10,000 
Hz 


Noise (Flat 
Gain Circuit) 
LM387 
1.0 
1.2 
I1Vrms 


Figure 
1 


Output 
Noise NAB Tape 
Unweighted 


Playback 
Circuit 
LM387A 
400 
700 
I1Vrms 


Gain of 37 dB 
Figure 2 
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Semiconductor 


LM3881.5 Watt Audio Power Amplifier 


General 
Description 


The 
LM388 
is an audio 
amplifier 
designed for 
use in 
medium 
power 
consumer 
applications. 
The 
gain 
is 
internally 
set to 
20 to 
keep external 
part count 
low, 
but 
the 
addition 
of an external 
resistor and capacitor 
between pins 2 and 6 will 
increase the gain to any value 
up to 200. 


The inputs 
are ground 
referenced while 
the output 
is 
automatically 
biased to 
one 
half 
the supply 
voltage. 


• 
Minimum 
external 
parts 


• 
Wide supply 
voltage 
range 


• 
Excellent 
supply 
rejection 


• 
Ground 
referenced 
input 


• 
Self-centering 
output 
quiescent voltage 


• 
Variable 
voltage gain 


• 
Low distortion 


• 
Fourteen 
pin dual-in-line 
package 


• 
Low voltage operation, 4V 


• 
AM-FM 
radio amplifiers 


• 
Portable tape player amplifiers 


• 
Intercoms 


• 
TV sound systems 


• 
Lamp drivers 


• 
Line drivers 


• 
Ultrasonic 
drivers 


• 
Small servo drivers 


• 
Power converters 


14 v, 


13 
VOUT 


"I 


11 
GNO 


10 


3,4,5, 
10.11,12 


GND 


Order Number LM388N·1, 
LM388N·2 or LM388N·3 
See NS Package N14A 


Supply Voltage 
Supply Voltage 
(LM388N·3 
Only) 
Package Dissipation 
14·Pin DIP (Note 11 


Input Voltage 


Storage Temperature 
Operating 
Temperature 
Junction 
Temperature 
Lead Temperature 
(Soldering, 
10 seconds) 


15V 
22V 
8.3W 


±O.4V 


--i35°C to +150°C 


O°C to +70°C 
150°C 
300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Supply Voltage (Vs) 


LM388 
4 
12 
V 


LM388N-3 
5 
18 
V 


Quiescent Current 
(lQ) 
V'N = 0 


LM388 
Vs = 12V 
16 
23 
mA 


LM388N-3 
Vs = 16V 
20 
35 
mA 


Output 
Power (POUT), (Note 2) 
Rl = R2 = 180n, 
THO = 10% 


LM388N-l 
Vs = 12V, RL = 8n 
1.5 
2.2 
W 


V 
= 6V 
R 
= 4n} 
0.6 
0.8 
W 
s 
'L 
Rl=R2=180n 
LM388N·2 
Vs = 6V, R L = 4n 
0.8 
0.9 
W 


LM388N-3 
Vs = 16V, RL = 8n 
2.5 
3.8 
W 


Voltage Gain (Av) 
Vs = 12V, f= 
1 kHz 
23 
26 
30 
dB 


lO/lF 
From Pin 2 to 6 
46 
dB 


Bandwidth 
(BW) 
Vs = 12V, Pins 2 and 6 Open 
300 
kHz 


Total 
Harmonic 
Distortion 
(THO) 
Vs = 12V, RL = 8n, 
POUT = 500 mW, 
0.1 
1 
% 


f = 1 kHz, Pins 2 and 6 Open 


Power Supply 
Rejection 
Ratio 
Vs = 12V, f = 1 kHz, CSYPASS= 10/lF, 
50 
dB 


(PSRR), (Note 3) 
Pins 2 and 6 Open, Referred to Output 


Input 
Resistance (R,N) 
10 
50 
kn 


Input 
Bias Current (ISlAS) 
Vs = 12V, Pins 7 and 8 Open 
250 
nA 


Note 
1: 
Pins 3, 4, 5, 10, 
11, 12 at 25°C. 
Derate at lSoC!W 
above 2S 


QC case. 


Note 2: 
The amplifier 
should be in high gain for full swing on higher supplies due to input voltage limitations. 


Note 3: 
If load and bypasscapacitor are returned to Vs (Figure 2), rather than ground (Figure 
1), PSRR is typically 30 dB. 


Maximum 
Device Dissipation 
V$ 


Ambient 
Temperature 


10 
SO 


9 
~ , 
;;- 
40 


z 
7 
~ 
0 
~ 
~ 
z 
3D 
~ 
iil 
~~ 
c; 
u 
20 
> 
~ 
~ 
10 


10 
20 
30 40 
SO 
60 
70 
'0 
90100 


TA 
- 
AMBIENT 
TEMPERATURE 
re) 


Note: 
2 oz. copper 
foil,smgle·sided 
PC board. 


Power Supply 
Rejection 
Ratio 


(Referred to the Output) 
V$ 


Frequency 


./'" 
V 
/' 
/' 


60 


50 
iii 


'" 
00 
z~ 
30 
'"c 
~ 
20 
> 


10 


0 
100 
lk 
10k 
lOOk 
1M 


FREQUENCY 
1Hz) 


-: 
16 
~ 


'" 
12 
c 
~ 
> 


~ 


Ys -f2V 
Rl·ln 
f·' kHz 
Cu·O 
~ 
z 
0~:. 
Ys"16V 
i!i0~ 
u 
~ 


10 
2 
3 
4 


QUTPUT 
POWER 
(W) 


Device 
Dissipation 
vs Output 
Power-16n. Load 


2.5 


~ 
2.0 
z 
0:i 
1.5 
~ 
0 
1.0 
u 
~ 
0.5 


0.5 
1.0 
1.5 
2.0 
2.5 


OUTPUT 
PllWER 
(W) 


Vs"'12V 
RL -3n 


PD '"'O.5W 
I 
" 
II 
f-.- 
"' 
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.•...• 
1/ 
Ari°_f-. 


~ 
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~ 
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~ 
0.5 


may shift 
due to the additional 
dc gain. Gain control 


can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 
7. 


To make the LM388 a more versatile amplifier, 
two pins 


(2 and 6) are provided for gain control. With pins 2 and 
6 open, the 1.35 kn 
resistor sets the gain at 20 (26 dB). 
If a capacitor 
is put 
from 
pin 
2 to 
6, bypassing the 


1.35 kn 
resistor, the gain will go up to 200 (46 dB). If a 


resistor is placed in serieswith the capacitor, the gain can 
be set to any value from 
20 to 200. A low frequency 


pole 
in the gain response is caused by the capacitor 


working 
against the external 
resistor in series with the 


150n 
internal resistor. If the capacitor is eliminated and 


a resistor connects pin 2 to 6 then the output 
dc level 


Additional 
external components can be placed in parallel 
with 
the 
internal 
feedback 
resistors to tailor 
the gain 
and frequency 
response for individual 
applications. 
For 


example, we can compensate poor speaker bassresponse 
by frequency 
shaping the feedback path. This 
is done 


with a series RC from pin 6 to 13 (paralleling the internal 
15 kn 
resistor). 
For 6 dB effective 
bass boost: 
R == 


15 kn, 
the 
lowest value for good stable operation 
is 
R = 10 kn 
if pin 2 is open. If pins 2 and 6 are bypassed 
then 
R as low as 2 kn 
can be used. This restriction 
is 
because the amplifier 
is only compensated 
for closed· 
loop gains greater than 9 VIV. 


The 
schematic 
shows that 
both 
inputs 
are biased to 
ground with a 50 kn 
resistor. The base current 
of the 
input transistors 
is about 
250 nA, so the inputs are at 


about 12.5mV when left open. If thedc source resistance 
driving the LM388 is higher than 250 kn it will contri· 
bute very little additional 
offset 
(about 
2.5 mV at the 
input, 50 mV at the output). 
If the de source resistance 


is less than 
10 kn, 
then shorting the unused 
input to 


ground 
will keep the offset low (about 
2.5 mV at the 
input, 
50 mV at the output). 
For de source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the de source resistance. Of course all offset 
problems 
are 
eliminated 
if the 
input 
is capacitively 


coupled. 


When using the LM388 with higher gains (bypassing the 
1.35 kn 
resistor between pins 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and 
possible 
instabilities. 
This 
is done with 
a O.lpF 


capacitor 
or a short 
to ground 
depending 
on the de 


source resistance on the driven input. 


The 
base of the 
output 
transistor 
of the 
LM388 is 


brought 
out to pin 9 for Bootstrapping. 
The output 


stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry. 


Rl + R2 set the amount 
of base current available to the 


output 
transistor. 
The maximum output current divided 
by Beta is the value required for the current 
in R1 and 
R2: 


(Vs/2)-VBE 
(Rl + R2) = 130 
---- 


10 
MAX 


( 
(12/2)-0.7) 
(R1 + R2) = 100 
---- 
= 1060n 
0.5 


To 
keep 
the 
current 
in R2 constant 
during 
positive 
swing capacitor 
CB 
is added. 
As the 
output 
swings 


positive CB 
lifts R1 and R2 above the supply, 
main· 
taining a constant 
voltage across R2. To minimize the 


value of CB, 
R1 = R2. The pole due to CB and Rl and 
R2 is usually set equal to the pole due to the output 
coupling capacitor and the load. This gives: 


Example: 
for 100 Hz pole and RL = 8n; 
Cc = 200pF 
and CB = 8pF, if R1 is made a diode and R2 increased 
to give the same current, 
CB can be decreased by about 
a factor of 4, as in Figure 4. 


For reduced component 
count the load can replace R1. 


The value of (R1 + R2) is the same, so R2 is increased. 
Now CB 
is both 
the coupling 
and the 
bootstrapping 
capacitor 
(see Figure 2). 
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FIGURE 
6a. Amplifier 
with Bass Boost 
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Not8 1: 
Twist 
supply 
lead and supply 
ground 
very tightly. 


Note 2: 
Twist 
speaker 
lead and ground 
very tightly. 


Note 3: 
Ferrite 
bead 
is 
Ferroxcube 
K5-001-001/38 
with 
3 


turns of wire. 


LM389 Low Voltage Audio Power Amplifier With NPN 
Transistor Array 


General 
Description 


The 
LM389 
is an array 
of three 
NPN 
transistors 
on the 
same 
substrate 
with 
an audio 
power 
amplifier 
similar 
to 
the 
LM386. 


The 
amplifier 
inputs 
are 
ground 
referenced 
while 
the 
output 
is automatically 
biased 
to 
one 
half 
the 
supply 
voltage. 
The 
gain 
is internally 
set 
at 
20 
to 
minimize 
external 
parts, 
but 
the 
addition 
of 
an external 
resistor 
and 
capacitor 
between 
pins 
4 and 
12 will 
increase 
the 
gain to any value 
up to 200. 


The 
three 
transistors 
have 
high 
gain 
and 
excellent 
matching 
characteristics. 
They 
are well suited 
to a wide 
variety 
of 
applications 
in 
dc 
through 
VHF 
systems. 


Amplifier 


• 
Battery 
operation 


• 
Minimum 
external 
parts 


• 
Wide supply 
voltage 
range 


• 
Low quiescent 
current 
drain 


• 
Voltage 
gains from 
20 to 200 


• 
Ground 
referenced 
input 


• 
Self·centering 
output 
quiescent 
voltage 


• 
Low distortion 


Transistors 


• 
Operation 
from 
11-lAto 25 mA 


• 
Frequency 
range 
from 
dc to 100 MHz 


• 
Excellent 
matching 


• 
AM-FM 
radios 


• 
Portable 
tape 
recorders 


• 
Intercoms 


• 
Toys 
and games 


• 
Walkie-talkies 


• 
Portable 
phonographs 


• 
Power converters 


Order 
Number 
LM389N 
See NS Package 
N18A 


10-52 


Input 
VOltage 
:tUAV 
\.;oltector 
to ~uostrate 
voltage, 
vCIO 
Il"ote 
~I 
I~V 


Storage TE::mperature 
-65°C 
to +150°C 
Collector 
Current, 
IC 
25 mA 


Operating 
Temperature 
O°C ta+70°C 
Emitter 
Current, 
IE 
25 mA 


Junction 
Temperature 
150°C 
Base Current, 
IB 
5mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 
Power Dissipation 
(Each Transistor) 
T A:S 
+70°C 
150mW 


Electrical Characteristics 
T A = 25°C 


PARAMETER 
CONDITIONS 
I 
MIN 
TVP 
MAX 
UNITS 


AMPLIFIER 


Vs 
Operating 
Supply Voltage 
4 
12 
V 


10 
Qu iescent Cu rrent 
Vs ~ 6V, V,N 
= OV 
6 
12 
mA 


POUT 
Output 
Power (Note 3) 
Vs =6V, 
RL =8'2 
250 
325 
mW 


THD = 10% 


Vs = 9V, RL = 16'2 
500 
mW 


Av 
Voltage 
Gain 
Vs = 6V, f = 1 kHz 
23 
26 
30 
d8 


10pF 
From Pins 4 to 12 
46 
dB 


BW 
Bandwidth 
Vs = 6V, Pins 4 and 12 Open 
250 
kHz 


THD 
Total 
Harmonic 
Distortion 
Vs = 6V, RL = 8'2, POUT = 125 mW, 
0.2 
30 
% 


f = 
1 kHz, 
Pins 4 and 12 Open 


PSRR 
Power Supply 
Rejection 
Ratio 
Vs = 6V, f = 1 kHz, CSYPASS = 1OIlF, 
30 
50 
dB 


Pins 4 and 12 Open, 
Referred to Output 


R'N 
I nput Resistance 
10 
50 
k'2 


ISlAS 
Input 
Bias Current 
Vs = 6V, 
Pins 5 and 16 Open 
250 
nA 


TRANSISTORS 


VCEO 
Collector 
to Emitter 
'e = 1 mA, 
's = 0 
12 
20 
V 


Breakdown 
Voltage 


VCBO 
Collector 
to Base 
'e = 101lA, IE =0 
15 
40 
V 


Breakdown 
Voltage 


VCIO 
Collector 
to Substrate 
'e = 101lA, IE = 's = 0 
15 
40 
V 


Breakdown 
Voltage 


VEBO 
Emitter 
to Base 
I. 
= 101lA, 'e =0 
6.4 
7.1 
7.8 
V 


Breakdown 
Voltage 


HFE 
Static Forward 
Current 
Ie = 10llA 
100 


Transfer 
Ratio 
(Static Beta) 
Ie = 1 mA 
100 
275 


'e = 10mA 
275 


ho. 
Open-Circuit 
Output 
Admittance 
Ie = 1 mA, VeE = 5V,f= 
1.0kHz 
20 
,umho 


VSE 
Base to Emitter 
Voltage 
IE = 1 mA 
0.7 
0.85 
V 


IVBE1-VBE21 
Base to Emitter 
Voltage 
Offset 
IE = 1 mA 
1 
5 
mV 1m 
VCESAT 
Collector 
to Em itter 
Ie = 10 mA, 
Is = 1 mA 
0.15 
0.5 
V 


Saturation 
Voltage 


CES 
Emitter 
to Base Capacitance 
VES = 3V 
1.5 
pF 


Ces 
Collector 
to Base Capacitance 
Ves 
= 3V 
2 
pF 


Cel 
Collector 
to Substrate 
Vel = 3V 
3.5 
pF 


Capacitance 


h,. 
High Frequency 
Current 
Gain 
'e = 10 mA, VeE = 5V, f = 100 MHz 
1.5 
5.5 


Note 
1: 
For operation 
in ambient 
temperatures 
above 2SoC, the device must be derated 
based on a 150°C 
maximum 
junction 
temperature 
and a 


thermal 
resistance of 175° C/W junction 
to ambient. 


Note 
2: The collector 
of each transistor 
is isolated from the substrate by an integral diode. Therefore, 
the collector 
voltage should remain positive 


with 
respect to pin 17 at all times. 


Note 
3: If oscillation 
exists under some load conditions, 
add 2.7n 
and O.05,uF series network 
from pin 1 to ground. 


Power Supply Rejection Ratio 
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vs Frequency 
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Typical Transistor Performance Characteristics 
(Continued) 
High Frequency 
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Gain 
Control 


To make 
the 
LM389 
a more 
versatile 
amplifier, 
two 
pins 


(4 and 
12) are provided 
for gain control. 
With 
pins 4 and 


12 open, 
the 
1.35 k£1 resistor 
sets the gain at 20 (26 dB). 


If a capacitor 
is put 
from 
pin 
4 to 
12, 
bypassing 
the 


1.35 
k£1 resistor, 
t.he gain will go up to 200 
(46 dB). 
If a 


resistor 
is placed 
in series 
with 
the 
capacitor, 
the 
gain 


can 
be set to any value 
from 
20 to 200. 
A low frequency 


pole 
in 
the 
gain 
response 
is caused 
by 
the 
capacitor 


working 
against 
the 
external 
resistor 
in series 
with 
the 


150£1 
internal 
resistor. 
If the capacitor 
is eliminated 
and 


a resistor 
connects 
pin 
4 to 
12, then 
the output 
dc level 


may 
shift 
due to the 
additional 
dc gain. 
Gain control 
can 


also 
be done 
by capacitively 
coupling 
a resistor 
(or FET) 


from 
pin 
12 to ground. 


Additional 
external 
components 
can be placed 
in parallel 


with 
the internal 
feedback 
resistors 
to tailor 
the gain and 


frequency 
response 
for 
individual 
applications. 
For 


example, 
we can 
compensate 
poor 
speaker 
bass response 
by 
frequency 
shaping 
the 
feedback 
path. 
This 
is done 


with 
a series 
RC from 
pin 
1 to 
12 (paralleling 
the 
inter- 
nal 
15 
k£1 
resistor). 
For 
6 dB 
effective 
bass 
boost: 


R 2'; 
15 k£1, the 
lowest 
value for good 
stable 
operation 
is 


R = 10 k£1 if pin 4 is open. 
If pins 4 and 
12 are bypassed 


then 
R as low 
as 2 k£1 can 
be used. 
This 
restriction 
is 


because 
the 
amplifier 
is only 
compensated 
for 
closed- 


loop 
gains greater 
than 
9V/V. 


Input 
Biasing 


The schematic 
shows 
that 
both 
inputs 
are 
biased 
to 


ground 
with 
a 50 
krl 
resistor. 
The 
base 
current 
of the 


input 
transistors 
is about 
250 
nA, 
so the 
inputs 
are at 


about 
12.5 
mV 
when 
left 
open. 
If the 
dc source 
resis- 


tance 
driving 
the 
LM389 
is higher 
than 
250 
k£1 it will 
contribute 
very 
little 
additional 
offset 
(about 
2.5 mV at 


the 
input, 
50 mV 
at the 
output). 
If the 
dc source 
resis- 


tance 
is less than 
10 k£1, then 
shorting 
the unused 
input 


to ground 
will 
keep 
the 
offset 
low (about 
2.5 mV at the 


input, 
50 
mV 
at the 
output). 
For 
dc source 
resistances 


between 
these 
values 
we can 
eliminate 
excess 
offset 
by 


putting 
a resistor 
from 
the unused 
input 
to ground, 
equal 
in value 
to the 
dc source 
resistance. 
Of course 
all offset 


problems 
are 
eliminated 
if 
the 
input 
is 
capacitively 


coupled. 


When 
using 
the 
LM389 
with 
higher 
gains 
(bypassing 
the 


1.35 
k£1 resistor 
between 
pins 
4 and 
12) it is necessary 


to 
bypass 
the 
unused 
input, 
preventing 
degradation 
of 


gain 
and 
possible 
instabilities. 
This 
is done 
with 
a O.lIJF 
capacitor 
or 
a short 
to 
ground 
depending 
on 
the 
dc 
source 
resistance 
of the driven 
input. 


The 
LM389 
has excellent 
supply 
rejection 
and 
does 
not 
require 
a well 
regulated 
supply. 
However, 
to eliminate 


possible 
high 
frequency 
stability 
problems, 
the 
supply 


should 
be decoupled 
to ground 
with 
a O.lIJF 
capacitor. 


The high current 
ground 
of the output 
transistor, 
pin 
18, 


is 
brought 
out 
separately 
from 
small 
signal 
ground, 


pin 
17. 
If the 
two 
ground 
leads 
are returned 
separately 


to 
supply 
then 
the 
parasitic 
resistance 
in 
the 
power 
ground 
lead will 
not 
cause 
stability 
problems. 
The 
para- 


sitic 
resistance 
in the signal 
ground 
can 
cause 
stability 


problems 
and 
it should 
be minimized. 
Care 
should 
also 


be 
taken 
to 
insure 
that 
the 
power 
dissipation 
does 
not 


exceed 
the 
maximum 
dissipation 
of 
the 
package 
for 
a 
given 
temperature. 
There 
are 
two 
ways 
to 
mute 
the 
LM389 
amplifier. 
Shorting 
pin 
3 to 
the 
supply 
voltage, 
or shorting 
pin 
12 to ground 
will 
turn 
the 
amplifier 
off 
without 
affecting 
the 
input 
signal. 


The 
three 
transistors 
on the 
LM389 
are general 
purpose 
devices 
that 
can 
be 
used 
the 
same 
as other 
small 
signal 


transistors. 
As long 
as the 
currents 
and voltages 
are kept 


within 
the 
absolute 
maximum 
limitations, 
and 
the 
collectors 
are 
never 
at a negative 
potential 
with 
respect 
to pin 
17, there 
is no limit 
on the way 
they 
can be used. 
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For 
example, 
the 
emitter-base 
breakdown 
voltage 
of 


7.1V 
can 
be 
used 
as 
a zener 
diode 
at 
currents 
from 


1fJA to 
5 mA. 
These 
transistors 
make 
good 
LED 
driver 
devices, 
VSAT 
is only 
150 
mV 
when 
sinking 
10 mA. 


In the 
linear 
region, 
these 
transistors 
have 
been 
used 
in 


AM 
and 
FM 
radios, 
tape 
recorders, 
phonographs, 
and 


many 
other 
applications. 
Using 
the 
characteristic 
curves 
on 
noise 
voltage 
and 
noise 
current, 
the 
level 
of 
the 
collector 
current 
can 
be 
set 
to 
optimize 
noise 
perfor· 


mance 
for 
a given 
source 
impedance. 
Some 
of 
the 
cir· 


cuits 
that 
have 
been 
built 
are 
shown 
in Figures 1-7. 


This 
is by 
no 
means 
a complete 
list 
of 
applications, 


since 
that 
is limited 
only 
by the 
designers 
imagination. 
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LM390 1 Watt Battery Operated Audio Power Amplifier 


General 
Description 


The 
LM390 
Power Audio 
Amplifier 
is optimized 
for 


6V, 
7.5V, 9V operation 
into 
low impedance loads. The 


gain is internally 
set at 20 to 
keep the external 
part 


count 
low, 
but 
the addition 
of an external 
resistor and 


capacitor 
between pins 2 and 6 will 
increase the gain to 
any value up to 200. The inputs 
are ground 
referenced 


while 
the 
output 
is automatically 
biased to 
one half 


the supply voltage. 


Features 


• 
Variable voltage gain 


• 
Low distortion 


• 
Fourteen pin dual·in-line 
package 


• 
AM-FM radio amplifiers 


• 
Portable tape player amplifiers 


• 
Intercoms 


• 
TV sound systems 


• 
Lamp drivers 


• 
Line drivers 


• 
Ultrasonic drivers 


• 
Small servo drivers 


• 
Power converters 


• 
Battery operation 


• 
lW output 
power 


• 
Minimum 
external parts 


• 
Excellent supply rejection 


• 
Ground referenced input 


• 
Self·centering output 
quiescent voltage 


Order Number 
LM390N 


See NS Package 
N14A 


3<4,5, 


10,11,12 


GND 


I BYPASS 


..J±.-. 
,I 
D"'T 


14 


7 


13 
+~r~'~. 


14 vs 


13 
VOUT 
"j 
11 
GNO 


10 


9 
BOOT 
STRAP 


+INPUT 


Input 
Voltage 
±OAV 


Storage Temperature 
-B5°C 
to +150°C 


Operating Temperature 
O°C to +70°C 


Junction 
Temperature 
150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics 
T A = 25°C, (Figure 1) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Ys 
Operating Supply Voltage 
4 
9 
Y 


la 
Quiescent 
Current 
Vs =6V, V'N =0 
10 
20 
mA 


POUT 
Output Power 
Ys = 6V, RL = 4[2, THD = 10%, (Note 2) 
0.8 
1.0 
W 


Av 
Voltage Gain 
Vs = 6V, I = 1 kHz 
23 
26 
30 
dB 


10pF Iram Pin 2 to 6 
46 
dB 


BW 
Bandwidth 
Vs = 6V, Pins 2 and 6 Open 
300 
kHz 


THD 
Total 
Harmonic 
Distortion 
Vs = 6V, RL = 4[2, POUT= 500 mW 
0.2 
1 
% 


1= 1 kHz, Pins 2 and 6 Open 


PSRR 
Power 
Supply 
Rejection 
Ratio 
Vs = 6V, I = 1 kHz, CBYPASS= 10pF, 
50 
dB 


Pins 2 and 6 Open, Relerred to Output 


(Note 31 


R'N 
Input 
Resistance 
10 
50 
k[2 


ISlAS 
Input Bias Current 
Vs = 6V, Pins 7 and 8 Open 
250 
nA 


Note 
1: 
Pins 3, 4. 5. 10. 11, 12 at 25°C. 
Derate at lSoC/W 
above 
2SoC case. 


Note 
2: 
If oscillation exists under some load conditions. add 2.7n 
and O.05~F series network from pin 13 to ground. 


Note 3: 
If load and bypass capacitor are returned to Vs (Figure 21, rather than ground (Figure 
1), PSRR is typically 
30 dB. 


Typical Performance 
Characteristics 
Power Supply Rejection Ratio 


Maximum 
Device Dissipation 
Quiescent Supply Current vs 
(Referred to the Output) 
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OUTPUT 
POWER 
(WI 


To 
make 
the 
LM390 
a more 
versatile 
amplifier, 
two 
pins 
(2 and 
6) are provided 
for 
gain control. 
With 
pins 2 and 
6 open, 
the 
1.35 
k.l1 resistor 
sets the gain at 20 (26 dB). 
If 
a capacitor 
is put 
from 
pin 
2 
to 
6, 
bypassing 
the 
1.35 
k.l1 resistor, 
the gain will go up to 200 
(46 dB). 
If a 
resistor 
is placed 
in series 
with 
the capacitor, 
the gain can 
be 
set 
to 
any 
value 
from 
20 
to 
200. 
A low frequency 
pole 
in 
the 
gain 
response 
is caused 
by 
the 
capacitor 
working 
against 
the 
external 
resistor 
in series 
with 
the 
150.11 internal 
resistor. 
If the capacitor 
is eliminated 
and 
a resistor 
connects 
pin 
2 to 6 then 
the 
output 
dc level 
may 
shift 
due 
to 
the 
additional 
dc 
gain. 
Gain 
control 
can 
also 
be done 
by capacitively 
coupling 
a resistor 
(or 
FET) 
from 
pin 
6 to ground, 
as in Figure 7. 


Additional 
external 
components 
can be placed 
in parallel 
with 
the 
internal 
feedback 
resistors 
to 
tailor 
the 
gain 
and 
frequency 
response 
for 
individual 
applications. 
For 
example, 
we can 
compensate 
poor 
speaker 
bass response 
by 
frequency 
shaping 
the 
feedback 
path. 
This 
is done 
with 
a series 
RC from 
pin 6 to 13 (paralleling 
the 
internal 
15 
k.l1 
resistor). 
For 
6 
dB 
effective 
bass 
boost: 
R ='" 
15 
k.l1, 
the 
lowest 
value 
for 
good 
stable 
operation 
is 
R = 10 k.l1 if pin 
2 is open. 
If pins 2 and 6 are bypassed 
then 
R as low 
as 2 k.l1 can 
be used. 
This 
restriction 
is 
because 
the 
amplifier 
is only 
compensated 
for 
closed- 
loop 
gains greater 
than 
9 V/V. 


The 
schematic 
shows 
that 
both 
inputs 
are 
biased 
to 
ground 
with 
a 50 
k.l1 resistor. 
The 
base 
current 
of the 
input 
transistors 
is about 
250 
nA, 
so the 
inputs 
are at 
about 
12.5 mV when 
left open. 
If the dc source 
resistance 
driving 
the 
LM390 
is higher 
than 
250 
k.l1 it will contri· 
bute 
very 
little 
additional 
offset 
(about 
2.5 
mV 
at the 


input, 
50 mV 
at the 
output). 
If the dc source 
resistance 


is less 
than 
10 k.l1, then 
shorting 
the 
unused 
input 
to 


ground 
will 
keep 
the 
offset 
low 
(about 
2.5 
mV 
at the 


input, 
50 
mV 
at the 
output). 
For 
dc source 
resistances 


between 
these 
values 
we can 
eliminate 
excess 
offset 
by 


putting 
a resistor 
from 
the unused 
input 
to ground, 
equal 
in value 
to the 
dc source 
resistance. 
Of course 
all offset 


problems 
are 
eliminated 
if 
the 
input 
is 
capacitively 


coupled. 


When 
using 
the 
LM390 
with 
higher 
gains 
(bypassing 
the 
1.35 
k.l1 resistor 
between 
pins 2 and 6) it is necessary 
to 


bypass 
the 
unused 
input, 
preventing 
degradation 
of gain 
and 
possible 
instabilities. 
This 
is done 
with 
a O.lJ.lF 
capacitor 
or 
a short 
to 
ground 
depending 
on 
the 
dc 


source resistance on the driven input. 


Bootstrapping 


The 
base 
of 
the 
output 
transistor 
of 
the 
LM390 
is 


brought 
out 
to 
pin 
9 for 
Bootstrapping. 
The 
output 
stage 
of 
the 
amplifier 
during 
positive 
swing 
is shown 
in 
Figure 3 with 
its external 
circuitry. 


R 1 + R2 set 
the 
amount 
of base current 
available 
to the 
output 
transistor. 
The 
maximum 
output 
current 
divided 
by 
Beta 
is the 
value 
required 
for 
the 
current 
in R 1 and 
R2: 


To 
keep 
the 
current 
in 
R2 
constant 
during 
positive 


swing 
capacitor 
Cs 
is 
added. 
As 
the 
output 
swings 


positive 
Cs 
lifts 
Rl 
and 
R2 
above 
the 
supply, 
main- 


taining 
a constant 
voltage 
across 
R2. 
To 
minimize 
the 


value 
of Cs• 
R 1 = R2. The 
pole 
due 
to Cs 
and 
R 1 and 


R2 
is usually 
set 
equal 
to 
the 
pole 
due 
to 
the 
output 


coupling 
capacitor 
and 
the 
load. 
This 
gives: 


(Vs121 - 
VSE 
(Rl 
+ R2) =f30 ---- 


10 
MAX 


II!- 
Po 
-- 
= 632 
mA 
RL 


Example: 
for 
100 
Hz 
pole 
and 
RL 
= 4rl; 
Cc = 400l.lF 
and 
Cs 
= 161.lF, if Rl 
is made 
a diode 
and 
R2 increased 


to give the 
same 
cwrent, 
Cs 
can 
be decreased 
by about 


a factor 
of 4, as in Figure 4. 


( 
(612) 
- 0.7) 
(Rl 
+ R2) 
= 100 
--- 
= 364rl 


0.632 


For 
reduced 
component 
count 
the 
load 
can 
replace 
R 1. 


The 
value 
of 
(R 1 + R2) 
is the 
same. 
so R2 is increased. 


~llW 
Cs 
is both 
the 
coupling 
and 
the 
bootstrapping 


capacitor 
(see Figure 2). 
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Note 4: Rle1 band limits input signalt. 


Note 5: 
All components 
must be spaced very close to IC. 


Not8 1: Twist supply lead and supply ground very tightly. 


Note 2: 
Twist 
speaker lead and ground very tightly. 
Note 3: 
Ferrite 
bead 
is 
Ferroxcube 
KS-Q01-o01/38 
with 
3 


turns of wire. 


The 
LM391 
audio 
power 
driver 
is designed to 
drive 
external 
power 
transistors 
in 
10 to 
100 watt 
power 


amplifier 
designs. High power supply voltage operation 


and true 
high fidelity 
performance 
distinguish 
this IC. 
The LM391 
is internally 
protected for output 
faults and 
thermal 
overloads; circuitry 
providing 
output 
transistor 
protection 
is user programmable. 


• 
High Supply Voltage 


• 
Low Distortion 


• 
Low Input Noise 


• 
High Supply Rejection 


• 
Gain and Bandwidth 
Selectable 


• 
Dual Slope SOA Protection 
• 
Shutdown 
Pin 


Dual-In-Line 
Package 


.,N 
16 
v- 


-IN 
,S 
v· 


COMP C 
,. 
SHUTDOWN 


RIPPLE 
C 
13 
-I 
LIMIT 


SINK 
12 
- SOA DIODE 


BIAS 
11 
+ SOA DIODE 


BIAS 
10 
+1 LIMIT 


SOURCE 
OUTPUT 
SENSE 


Order Number 
LM391N·60, 
LM391N·80, 
or LM391 N·100 
See NS Package 
N16A 


±30,±40,or±50Vmax 
0.01% 
3/1V 
90dB 


10 + I LIMIT 


11 +SQA 


9 
OUTPUT 
SENSE 


12 -SUA 


13 -I 
LIMIT 


Supply Voltage 
LM391N 
- 
60 
LM391N 
- 
80 
LM391N 
- 
100 


Input Voltage 


Shutdown 
Current 
(Pin 14) 


Package Dissipation 
(Note 1) 
Storage Temperature 
Operating Temperature 
Lead Temperature 
(Soldering, 10 secondsI 


1mA 


1.39W 


_65°C to +150°C 


O°C to +70°C 
+300°C 


±30V 
or +60 V 
±40V 
or +80V 
±50 V or +100 V 


Supply Voltage less 5 V 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Quiescent Current 
current in pin 15 


LM391N 
- 
60 
VIN = 0 
3 
10 
mA 
LM391N 
- 
80 
4 
8 
mA 
LM391N 
- 
100 
5 
6 
mA 


Output 
Swing 
positive 
V+ -7 
V+ - 5 
V 


negative 
V-+7 
V-+5 
V 


Drive Current 
source (pin 81 
5 
mA 
sink (pin 5) 
5 
mA 


Noise (20 - 20 kHz) 
input referred 
3 
MV 


Supply 
Rejection 
input referred 
70 
90 
dB 


Total Harmonic Distortion 
f = 1 kHz 
0.01 
% 


f= 
20kHz 
0.10 
0.25 
% 


Intermodulation 
Distortion 
60 Hz, 7 kHz, 4:1 
0.01 
% 


Open Loop Gain 
f = 1 kHz 
1000 
5500 
V/V 


Input Bias Current 
0.1 
1.0 
MA 


Input Offset Voltage 
5 
20 
mV 


Positive Current 
Limit 
VBE 
pin 10-9 
650 
mV 


Negative Current 
Limit 
VBE 
pin 9-13 
650 
mV 


Positive Current 
Limit 
Bias Current 
pin 10 
10 
100 
MA 


Negative Current 
Limit 
Bias Current 
pin 13 
10 
100 
MA 


Pin 14 Current Comments 


Minimum 
pin 14 current 
required for shutdown 
is 0.5 mA, and must not exceed 1 mA. 


Maximum 
pin 14 current for amplifier 
not shut down is 0.05 mA. 
The typical 
shutdown switch point current is 0.2 mA. 


Typical Performance 
Characteristics 


Total Harmonic Distortion 
vs 
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Pin Descriptions 


Pin No. 
Pin Name 
Comments 


1 
+ Input 
Audio input 


2 
- Input 
Feedback input 


3 
Compensation 
Sets the dominant pole 


4 
Ripple Filter 
Improves negative supply rejection 


5 
Sink Output 
Drives output devices and is emitter of AB bias VBE multiplier 


6 
BIAS 
Baseof VBE multiplier 


7 
BIAS 
Collector of VBE multiplier 


B 
Source Output 
Drives output devices 


9 
Output Sense 
Biasesthe IC and is used in protection 
circuits 


10 
+ Current Limit 
Baseof positive side protection 
circuit transistor 


11 
+ SOA Diode 
Diode used for dual slope SOA protection 


12 
- SOA Diode 
Diode used for dual slope SOA protection 


13 
- Current Limit 
Baseof negative side protection 
circuit transistor 


14 
Shutdown 
Shuts off amplifier when current is pulled out of pin 


15 
V+ 
Positive supply 


16 
V- 
Negative supply 


lOOk 


lOOk 


RA 
3.9k 


RB 
10k 


CAB 
O.l/.IF 


CR 
5pF 


Reb 
lOOn 


Ro 
2.7n 


Co 
O.l/.IF 


RE 
0.3n 


RTH 
39k 


C2,Ci 
1000 
pF 


XL 
10n 
115/.IH 


Input 
coupling 
capacitor 
sets a low frequency 
pole with RIN· 


1 
fL = 
21TRINCIN 


Feedback 
resistor; 
for minimum 
offset 
voltage 
at the output 
this should 
be equal 
to RIN. 


Feedback 
resistor 
that 
works 
with 
Rf2 to set the voltage 
gain. 


Rf2 
AV= 
1 +-- 


Rfl 


Feedback 
capacitor. 
This 
reduces 
the 
gain to unity 
at DC for 
minimum 
offset 
voltage 
at the output. 
Also sets a low frequency 
pole with 
Rfl' 


1 
fL = 
21TRflCf 


Compensation 
capacitor. 
Sets gain bandwidth 
product 
and a high frequency 
pole. 


GBW 
1 
fh = GBW 
21T5000CC 
AV 


Max fh for stable 
design"" 
500 kHz. 


Bypass 
capacitor 
for 
bias. 
This 
improves 
high frequency 
distortion 
and transient 
response. 


Ripple 
capacitor. 
This 
improves 
negative 
supply 
rejection 
at midband 
and 
high 
frequencies. 
CR, if used, 
must 
equal 
CC. 


Output 
compensation 
resistor. 
This 
resistor 
and 
Co 
compensate 
the 
output 
stage. 
This value 
will vary slightly 
for different 
output 
devices. 


Output 
compensation 
capacitor. 
This 
works 
with 
RO to form 
a zero that 
cancels 
f{3of the output 
power 
transistors. 


Emitter 
degeneration 
resistor. 
This 
resistor 
gives thermal 
stability 
to the output 
stage 
quiescent 
current. 
IRC PW5 type. 


Shutdown 
resistor. 
Sets 
the 
amount 
of 
current 
pulled 
out 
of 
pin 
14 during 
shutdown. 


Used to isolate 
capacitive 
loads, 
usually 
20 turns 
of wire wrapped 
around 
a lOn, 


2 W resistor. 


rower UUlPUl 
Load 
Impedance 
Input 
Sensitivity 
Input 
Impedance 
Bandwidth 


The 
power 
output 
and 
load 
impedance 
determine 
the 


power 
supply 
requirements. 
Output 
signal 
swing 
and 
current 
are found 
from: 


j-- 
2PO 
IOpeak= 
-- 
RL 


Add 
5 volts 
to the 
peak 
output 
swing 
(VOp) 
for transis- 
tor 
voltage 
to 
get 
the 
supplies, 
i.e., ± (VOp 
+ 5 V) at a 


current 
of Ipeak- The 
regulation 
of the supply 
determines 
the 
unloaded 
voltage, 
usually 
about 
15% higher. 
Supply 
voltage 
will also rise 10"'{' during 
high line conditions. 


The 
input 
sensitivity 
and 
output 
power 
specs determine 
the 
required 
gain. 


..JPCiRL 
V 0 R MS 
AV~ 
---=---- 
VIN 
VINRMS 


Normally 
the 
gain 
is set between 
20 and 
200; 
for a 25 


watt, 
8 
ohm 
amplifier 
this 
results 
in 
a sensitivity 
of 
710mV 
and 
71 mV, 
respectively. 
The 
higher 
the 
gain, 
the 
higher 
the 
THO, 
as can 
be seen 
from 
the 
character- 
istics 
curves_ 
Higher 
gain 
also 
results 
in more 
hum 
and 
noise 
at the output. 


The 
desired 
input 
impedance 
is set 
by R IN. Very 
high 


values 
can 
cause 
board 
layout 
problems 
and 
OC offsets 


at 
the 
output. 
The 
bandwidth 
requirements 
determine 
the 
size 
of 
Cf 
and 
Cc 
as 
indicated 
in 
the 
external 


component 
listing. 


The 
output 
transistors 
and drivers 
must have a breakdown 
voltage 
greater 
than 
the 
voltage 
determined 
by equation 
(3). 
The 
current 
gain 
of 
the 
driver 
and 
output 
device 
must 
be 
high 
enough 
to 
supply 
IOpeak 
with 
5 mA 
of 
drive 
from 
the 
LM391. 
The 
power 
transistors 
must 
be 


able 
to 
dissipate 
approximately 
40% 
of 
the 
maximum 


output 
power; 
the 
drivers 
must 
dissipate 
this 
amount 
divided 
by 
the 
current 
gain 
of 
the 
outputs. 
See 
the 


output 
transistor 
selection 
guide, 
table 
A. 


To 
prevent 
thermal 
runaway 
of the 
AB bias current 
the 
following 
equation 
must 
be valid: 


RE ({lMIN + 1) 


eJA"------ 


VCEOMAX 
(K) 


where: 


eJA 
is the 
thermal 
resistance 
of the 
driver 
transistor, 


junction 
to ambient, 
in °C/W. 


RE is the emitter 
degeneration 
resistance 
in ohms. 


{lmin is that 
of the output 
transistor. 


VCEOMAX 
is 
the 
highest 
possible 
value 
of 
one 


supply 
from 
equation 
(3). 


K is the 
temperature 
coefficient 
of 
the 
driver 
base- 
emitter 
voltage, 
typically 
2 mV fc. 


Often 
the 
value 
of R E is to be determined 
and equation 
(5) is rearranged 
to be: 


eJA 
(VCEOMAX) 
K 
RE ~-------- 
(lMIN 
+ 1 


The 
maximum 
average 
power 
dissipation 
in each 
output 


transistor 
is: 


The 
power 
dissipation 
in the driver 
transistor 
is: 


- 
POMAX 
PORIVER(MAX) 
=--- 
(8) 
{lMIN 


TJMAX 
- T AMAX 
eJA" 
-------- 
Po 


TjMAX 
is maximum 
transistor 
junction 
temperature. 


TAMAX 
is maximum 
ambient 
temperature. 


eJA is thermal 
resistance 
junction 
to ambient. 


eSA 
is thermal 
resistance 
sink to ambient. 


eJC 
is thermal 
resistance 
junction 
to case. 


eCS 
is 
thermal 
resistance 
case 
to 
sink, 
typically 


1°C/W 
for most 
mountings. 


Application Hints 
(Continued) 


PROTECTION 
CIRCUITRY 


The protection 
circuits 
of the LM391 are very flexible 


and should 
be tailored 
to 
the output 
transistor's 
safe 
operating 
area. 
The 
protection 
V-I 
characteristics, 
circuitry, 
and resistor formulas are described below. The 


diodes 
from 
the 
output 
to 
each supply 
prevent the 


output 
voltage from exceeding the supplies and harming 


the output 
transistors. 
The output 
will 
do this if the 


protection 
circuitry 
is 
activated 
while 
driving 
an 
inductive load. 


It is often desirable to delay the turn-ON 
of the power 


amplifier 
so turn-ON 
pops in the preamplifier 
do not go 


to the speakers. 


This is easily implemented 
by putting 
a resistor in series 


with 
a capacitor 
from 
pin 
14 to ground. The value of 


the resistor is set to limit 
the current to less than 1 mA 


(the absolute maximum). This resistor with the capacitor 
gives a time 
constant 
of 
RC. The 
turn-ON 
delay 
is 


approximately 
2 time constants. 


Example: 


Amplifier 
with 
maximum 
supply 
of 
30V, 
like the 


20 W, an example in the data sheet, requiring a delay 
of 1 second. 


Time delay = 2 RC 
Max V+ 


R= 
--- 
1 mA 


R = 30k. Solving for C gives 16.7 JlF. 
Use C = 20 JlF 


with a 30V rating. 


VB 
VM 


VCE 


Type of Protection 
RE,Ri: 
R1' R, 
R2,R2 
R3,RJ 


Current 
Limit 
RE=-"'- 
Not Required 
Short 
Not Required 
IL 


SingleSlopeSOA 
RE=-"'- 
VM - '" 


Protection 
R1 = R2(--) 
1kn 
Not Required 
IL 


'" 


OualSlopeSOA 
RE=-"'- 
VM - '" 
R3=R2~~-1J 
Rl =R2(--) 
1kn 
Protection 
IL 


'" 
Il RE - '" 
(VB = V+) 


Note: 
4>is the current 
limit 
VSE 
voltage, 650mV. 
Assumptions: 
V+ » 
¢, VM » 
¢. V+ is the toad supply 
voltage. 
VM is the 
maximum 
rated VCE of the output 
transistors. 


Application Hints 
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TRANSIENT 
INTERMODULATION 
DISTORTION 


There has been a lot of interest in recent years about 
transient 
intermodulation 
distortion. 
Matti 
Otala 
of 
University 
of Oulu, Oulu, Finland has published several 
papers on the subject. The results of these investigations 
show that 
the open loop pole of the power amplifier 
should be above 20 kHz. 


To do this with the LM391 is easy. Put a 1 Mn resistor 
from 
pin 3 to the output 
and the open loop gain is 
reduced to about 46 dB. Now the open loop pole is at 
30 kHz. The current 
in this resistor causes an offset in 
the input stagethat can be cancelled with a resistor from 
pin 4 to 
ground. The resistor from 
pin 4 to 
ground 
should be 910 kn 
rather than 
1Mn 
to insure that the 
shutdown 
circuitry 
will 
operate 
correctly. 
The slight 
difference 
in resistors results in about 15 mV of offset. 
The 40 W, 8 n amplifier 
schematic shows the hookup of 
these two resistors. 


A switch can be added to convert a stereo amplifier to a 
single bridge amplifier. 
The diagram below shows where 
the switch and one resistor are added. When operating 
in 
the 
bridge 
mode 
the 
output 
load 
is connected 
between the two 
outputs, 
the 
input 
is VIN 
#1, 
and 
VIN #2 is disconnected. 


Most 
power 
amplifiers 
work 
the 
first 
time 
they 
are 
turned 
on. They also tend to oscillate and have excess 
THO. 
Most oscillation 
problems are due to inadequate 
supply 
bypassing and/or 
ground loops. A 10 IlF, 
50 V 
electrolytic 
on 
each power 
supply 
will 
stop 
supply- 


related oscillations. However, if the signal ground is used 
for these bypass caps the THO is usually excessive. The 
signal ground must return to the power supply alone, as 
must 
the 
output 
load 
ground. 
All 
other 
grounds 
- 
bypass, output 
R-C, protection, 
etc., can tie together 
and then 
return 
to supply. This ground is called high 
frequency 
ground. On the 40W amplifier 
schematic all 
the grounds are labeled. 


Capacitive 
loads 
can 
cause instabilities, 
so they 
are 
isolated from the amplifier with an inductor and resistor 
in the output lead. 


To 
reduce distortion 
in the output 
stage, all the tran- 
sistors are biased ON slightly. 
This results in class AB 
operation 
ahd reduces the crossover (notch) 
distortion 
of the class B stage to a low level, (seethe curve on page 
10-70). The potentiometer, 
RB, from 
pins 6-7 
is ad- 
justed to 
give about 
25 mA of current 
in the output 
stage. This current 
is usually monitored 
at the supply 
or by measuring the voltage across RE. 


Driver Transistor 
Output Transistor 
Output Power 
PNP 
NPN 
PNP 
NPN 


20W@8n 
B0344 
B0345 
30W@4n 
B0346 
BD347 


40W@8n 
B0348 
B0349 
B0350 
B0351 
60W@4n 


Application Hints 
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A 20W, an;30W, 
4n 
AMPLIFIER 


Givens: 


Power output 
20W into sn 
30W into 4n 


Input Sensitivity 


Input Impedance 


Bandwidth 


Equations (1) and (2) give: 


1 V max 


lOOk 


20 Hz - 20 kHz ± 0.25 dB 


20w/sn 


30W/4n 


VOp=17.9V 


VOP = 15.5 V 


lOp = 2.24A 


lOp = 3.S7 A 


With 
15% regulation 
and high line we get ±29 V from 


equation (3). 


Sensitivity 
and equation (4) set minimum 
gain: 


AV ;;. V 20 x S = 12.65 
1 


We will 
use a gain of 
20 with 
resulting sensitivity 
of 


632mV. 


Letting 
RIN ltqual lOOk gives the required input imped- 


ance. For 
low 
OC offsets at the output 
we let Rf2 = 


lOOk. Solving for Rfl 
gives: 


Rf2= 
lOOk 


lOOk 
Rfl 
= 20 _ 1 = 5.26k; use 5.1k 


The 
bandwidth 
requirement 
must be stated as a pole, 
i.e., the 3 d8 frequency_ Five times away from 
a pole 


gives 0.17 d8 down, 
which 
is better 
than the required 


0.25d8. 
Therefore: 


fL = 20 = 4 Hz 
5 


The recommended 
value for Cc is 5 pF for gains of 20 
or larger. This gives a gain-bandwidth 
product of 6.4 MHz 
ahd 
a 
resulting 
bandwidth 
of 
320 kHz, 
better 
than 
required. 


The breakdown 
voltage requirement 
is set by the maxi- 


mum supply; 
we need a minimum 
of 58 V and will use 


60 V. We must now select a 60 V power transistor 
with 


reasonable beta at IOpeak, 3.S7 A. The National 80346, 
80347 
complementary 
pair are 60 V, 60 W transistors 


with 
a minimum 
beta of 30 at 4 A. The driver transistor 


must supply 
the base drive given 5 mA drive from the 


LM391. 
The National 
80344, 
80345 
complementary 


driver transistors are 60 V devices with 
a minimum 
beta 


of 40 at 200 mA. The driver transistors should be much 
faster (higher fT) 
than the output 
transistors to insure 


that the R-C on the output 
will prevent instability. 


To find the heat sink required for each output 
transistor 


we use equations (7). (9), and (10): 


150°C - 55°C 
° 
IW 
° 
() 
0JA';;; 
-7.9C 
forTAMAX=55C 
9 


12 


If 
both 
transistors 
are mounted 
on one heat sink the 


thermal resistance should be halved to 2.4°CIW. 


The maximum 
average power dissipation 
in each driver 


is found using equation (S): 


- 
12 
PORIVER(MAX) 
=30= 
400mW 


Using this 
information 
and equation 
(61 we can find the 


minimum 
value 
of 
R E 
required 
to 
prevent 
thermal 


runaway. 


R 
;;;, 100(301 
(0.0021_ 
0.19£1 


E 
30 + 1 


We must now 
use the SOA data on the National 
BD346, 
BD347 
transistors 
to 
set 
up 
the 
protection 
circuit. 


Below 
is the SOA curve with 
the 4 £1 and 8 £1 load lines. 
Also 
shown 
are the 
desired 
protection 
lines. 
Note 
the 
value of VB is equal to the supply 
voltage, so we use the 
formulas 
in the table. 


RE = 0.65 = 0.22£1 


3 


R2 = 1k 


R 1 = 1k (60 - 0.65) '" 91 k 
0.65 


R3 = 1k ( 
23 
- 11'" 24k 
7 (0.22) 
- 0.65 


Note 
that 
an RE of 
0.22 £1 satisfies 
equation 
(6). The 


final 
schematic 
of this amplifier 
is below. 
If the output 
is 
shorted 
the current 
will 
be 1.8A 
and VCE is 23 V. Since 
the input 
is AC, the average power is: 


This 
power 
is greater 
than 
was used in the 
heat sink 
calculations, 
so the 
transistors 
will 
overheat 
for 
long- 
duration 
shorts unless a larger heat sink is used. 


Application Hints 
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A 40W/8n, 
60W/4n 
AMPLIFIER 


Given; 


Power Output 
40w/sn 
60W/4n 


Input Sensitivity 


Input Impedance 


Bandwidth 


lOOk 


20 Hz - 20 kHz ± 0.25 dB 


40 W/S n 
VOpeak = 25.3 V 


60W/4n 
VOpeak = 21.9V 


IOpeak = 3.16A 


IOpeak = 5.48 A 


With 
15% regulation 
and high line we get ±3S.3 V using 


equation (3). 


We select a gain of 20; resulting sensitivity 
is 900 mV. 


The input 
impedance and bandwidth 
are the same asthe 
20 watt amplifier 
so the components are the same. 


Rfl=5.1k 
RIN=100k 
CC=5pF 


Rf2 = lOOk 
Cf = 10IlF 


The maximum 
supplies dictate 
using SOV devices. The 


National 
B0350, 
B0351 
pair are SOV, 160W transistors 


with 
a minimum 
beta of 40 at 2 A and 20 at 6 A. This 


corresponds to a minimum beta of 22.5 at 5.5A (I0peak). 
The National B0348, 
B0349 driver pair are SOV transis- 
tors with 
a minimum 
beta of 50 at 250 mA. This output 


combination 
guarantees 
IOpeak 
with 
5 mA 
from 
the 


LM391. 


Output 
transistor heat sink requirements are found using 


equations (7), (9). and (10); 


200 - 55 
° / 
° 
8JA ';;--24--= 
6.0 C W for TAMAX 
= 55 C 


8SA .;; 6.0 - 1.1 - 1.0 = 3.9°CNJ 


For both output 
transistors on one heat sink the thermal 


resistance should be 1.9°CNJ. 


Now using equation 
(S) we find 
the power dissipation 


in the driver; 


PORIVER 
=~= 
1.2W 
20 


8JA';; 
150- 
55 = 79°CNJ 


1.2 


Since a heat sink is required on the driver, 
we should 
investigate the output 
stage thermal stability 
at the same 


time to optimize 
the design. If we find 
a value of RE 
that is good for the protection 
circuitry, 
we can then use 


equation 
(5) 
to 
find 
the 
heat 
sink 
required 
for 
the 


drivers. 


The SOA characteristics of the National B0350, 
B0351 
transistors are shown in the following 
curve along with a 


desired protection 
line. 


Since the break voltage is not equal to the supply, we 
will use two resistors to replace R3 and move VB. 


Application 
Hints 
(Continued) 


The formulas for RE, R" 
and R2 do not change: 
The 
easiest way 
to 
solve these e~ations 
is to 
iterate 
with 
standard values. If we guess R3 = 62k, then R~ = 
47.12k; 
use 47k. 
The 
Thevin 
impedance 
comes 
out 
26.7k, which is close enough to 25.55k. 


Now 
we will 
use equation 
(5) 
to 
determine 
the heat 


sinking 
requirements 
of 
the 
drivers 
to 
insure 
thermal 
stability: 


RE = 0.65 = 0.22n 


3A 


R 
= 1k 80 - 0.65 
1 
0.65 


The formula 
for R3 now gives RTH when the V+ in the 
formula 
becomes VB. 
e 
.;;;0.22 (20 + 1) ~ 570CNJ 
JA 
40 (0.002) 


RTH=RJ~J 
~LRE-</J 
J 


- 1k r 
47 
~ 
= 25.55k 
~ 1 (0.22) - 0.65 
J 


This value is lower than we got with equation 
(9), so we 


will use it in equation 
(10): 


This 
is the required 
heat sink for 
each driver. 
For low 


TIM 
we add the 1 Mn 
resistor from 
pin 3 to the output 


and a 910k resistor from 
pin 4 to ground. The complete 


schematic is on page 11. 


If the output 
is shorted, the transistor 
voltage is about 


28 V and the current 
is 5 A. Therefore 
the average power 
is: 


VTH 
is the 
additional 
voltage 
added 
to 
the 
supply 


voltage to get VB. 


VTH = -(VB 
- V+) = -(47-30) 
= -17V 


Now 
we 
must 
find 
R~ 
and 
R~ 
using the 
Thevinen 


formulas. 
Putting 
VTH, 
V-, 
and RTH 
into 
the appro- 
priate formulas reduces to: 
This is much larger than the power used to calculate the 
heat sinks and the output 
transistors will overheat if the 


output 
is shorted too long. 


+ 
Z7VTO 
39V 
I 


10~F 


1Z0k 
68n 


• HIGH 
FREQUENCY 
GROUND 


·-INPUT 
GROUND 


••• 
SPEAKER 
GROUND 


NOTE: All 
GROUNDS SHOULD BE TIED TOGETHER 
ONl Y AT POWER SUPPLY GROUND. 


50"CIW 
HEAT SINK 
ON 80348 
AND 80349 


3.goeM 
HEAT 
SINK 
ON 80350 
AND 
B0351 


~National 
~ 
Semiconductor 


LM1035 Dual DC Operated Tone/Volume/Balance 
Circuit 


The LM1035 is a DC controlled 
tone (bass/treble), 
volume 
and balance 
circuit 
for stereo applications 
in car radio, TV 
and audio 
systems. 
An additional 
control 
input 
allows 


loudness 
compensation 
to be simply 
effected. 


Four 
control 
inputs 
provide 
control 
of the bass, 
treble, 


balance 
and volume 
functions 
through 
application 
of DC 
voltages 
from 
a remote 
control 
system 
or, alternatively, 


from 
four 
potentiometers 
which 
may be biased 
from 
a 


zener regulated 
supply 
provided 
on the circuit. 


Each 
tone 
response 
is defined 
by a single 
capacitor 
chosen 
to give the desired 
characteristic. 


• 
Wide supply 
voltage 
range, 8V to 18V 


• 
Large volume 
control 
range, 80 dB typical 


• 
Tone control, 
± 15 dB typical 


• 
Channel 
separation, 
75 dB typical 


• 
Low distortion, 
0.05% typical 
for an input level of 1 Vrms 


• 
High 
signal 
to noise, 
80 dB typical 
for an input 
level 
of 1 Vrms 


• 
Few external 
components 
required 


LOUDNESS 
COMPENSATION 
CONTROL INPUT 


- 
-" .... 
, 
, ....... 


Storage 
Temperature 
Range 
- 65·C to + 150·C 


Lead Temperature(Soldering, 
10 seconds) 
300·C 
Electrical Characteristics 
Vcc = 12V, TA = 25·C (unless 
otherwise 
stated) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Supply 
Voltage 
Range 
Pin 11 
8 
18 
V 


Supply 
Current 
35 
45 
mA 


Zener 
Regulated 
Output 
Pin 17 


Voltage 
5.4 
V 


Current 
5 
mA 


Maximum 
Output 
Voltage 
Pins 8, 13; 1= 1 kHz 


Vcc=8V 
1.3 
Vrms 


Vcc= 
12V 
2 
2.5 
Vrms 


Vcc= 
18V 
3.5 
Vrms 


Maximum 
Input 
Voltage 
Pins 2, 19; 1= 1 kHz 
2 
2.5 
Vrms 


(Note 
1) 
Flat 
Response 


Input 
Resistance 
Pins 2, 19; 1= 1 kHz 
20 
30 
kn 


Output 
Resistance 
Pins 8, 13; 1= 1 kHz 
20 
n 


Maximum 
Gain 
V(Pin 12) = V(Pin 17); 
-2 
0 
2 
dB 


1= 1 kHz 


Volume 
Control 
Range 
1= 1 kHz 
70 
80 
dB 


Gain Tracking 
1= 1 kHz 
o dB through 
- 40 dB 
1 
3 
dB 
- 40 dB through 
- 60 dB 
2 
dB 


Balance 
Control 
Range 
Pins 8, 13; 1= 1 kHz 
+1 
dB 


-26 
-20 
dB 


Bass Control 
Range 
1= 40 Hz, Cb= 0.391'F 


(Note 
2) 
V(Pin 14) = V(pin 
17) 
12 
15 
18 
dB 
V(Pin 14) = OV 
-12 
-15 
-18 
dB 


Treble 
Control 
Range 
1= 16 kHz, Ct = 10 nF 


(Note 
2) 
V(pin 4) = V(Pin 17) 
12 
15 
18 
dB 
V(pin 4) = OV 
-12 
-15 
-18 
dB 


Total 
Harmonic 
Distortion 
1=1 
kHz,Vj=1 
Vrms, 
0.05 
0.2 
% 


Maximum 
Gain 


Channel 
Separation 
1= 1 kHz, Maximum 
Gain 
75 
dB 


Signal/Noise 
Ratio 
Unweighted 
100 Hz-20 
kHz 


Maximum 
Gain, 0 dB = 1 Vrms 
80 
dB 


CCIR/ARM 
(Note 
3) 


Gain =0 
dB 
76 
80 
dB 


Gain = -20 
dB 
64 
dB 


Output 
Noise 
Voltage 
at 
CCIR/ARM 
(Note 
3) 
25 
35 
I'V 


Minimum 
Gain 


Supply 
Ripple 
Rejection 
200 mVrms, 
1 kHz Ripple 
40 
dB 


Control 
Input 
Currents 
Pins 4, 7, 9, 12, 14 (V = OV) 
-0.6 
-2.5 
I'A 


Frequency 
Response 
- 1 dB (Flat 
Response 
250 
kHz 


20 Hz-16 
kHz) 


Note 1: The maximum 
permissible input level is dependent on tone and volume settings. See Application 
Notes. 


Note 2: The tone control range is defined by capacitors 
Cb and Ct. See Application 
Notes. 


Note 3: Measured with a CCIR filter with a 0 dB level at 2 kHz and an average responding meter. 


10-76 


Typical Performance 
Characteristics 


Volume 
Control 
Balance 
Control 
Characteristic 
Characteristic 
Tone Control 
Characteristic 


0 
2 
15 
BOOST 
% 


CHANNEL2 
~ 
CHANNEL 1 
40 Hz DR 16 kHz / 
-2 
10 


-20 
1/ 


V,. =300 
mV 


-6 
/ 
~ 


5 


1=1 
kHz 
'" 


-10 
; 
J 
~ 
~ 
-40 
z 
-14 
z 
0 
V 
g 
« 
/ 


-18 
'" 
-5 
/ 
-60 
V 


-22 
\ 


-10 
CUT 
./ 
-26 
/ 
-15 
40 Hz OR 16 kHz 
-BO 
-30 
0 
1 
2 
3 
4 
5 
6 
0 
1 
2 
3 
4 
5 
6 
0 
1 
2 
3 
4 
5 
6 


V12 - 
CONTROL VOLTAGE(V) 
V9 - 
CONTROL VOLTAGE (V) 
V4 OR V14- 
CONTROL VOLTAGE (V) 


Tone Characteristic 
(Gain 
Tone Characteristic 
(Gain 
Loudness 
Compensated 
vs Frequency) 
vs Frequency) 
Volume 
Characteristic 


15 '" 


15 


I ~'~~':~UM 


0 
MAXIMUM 
I 
CONDITIONS. PIN 7 
TREBLE BOOST 
CONNECTEO TO PIN 12 
10 
AND BASS 
10 
BASS AND 
-10 
-\ 
CUT 
~REBLE 
BOOS1I 


5 
5 
I/f- 


'" 
'" 
; 
-20 
- 
~ 
"" 
Co=0.39 
pF 
~ 
~ 


C.=O .39 pF 
z 
0 
'" 
Ct=O.Ol 
pF 
0 
C,=O. 01 pF 
z 
« 
z 
g 
~ 
'" 
g 
I 
-3D 


-5 
7 
-5 
17 MAXIMUM 
MAXIMUM 
BASS BOOST 
BASS AND 
-40 
~ 
-10 
ANO TREBLE 
-10 
e-mlil~iCNI 
-15 
CUT 


"- 


-15 
-50 
..• 


20 
100 
lk 
10k 
lOOk 
20 
100 
lk 
10k 
lOOk 
20 
100 
lk 
10k 
lOOk 


FREQUENCY (Hz) 
FREOUENCY (Hz) 
FREQUENCY (Hz) 


Output 
Noise Voltage 
THO vs Input Voltage 
vs Gain 


0.5 
1=10kHz 
90 
BW=20kHz 
...•... 


E 
BO 
"\ 
FLAT FREQUENCY 
0.2 
:; 
70 
RESPONSE 
1=1 kHz~ K ..... 
...•.•.. 
BALANCED GAINS 
w 
0.1 
/~ 
'" 
60 
"\ 
I 
;...- 
...•. 
.. 


~0.05 
~ 
50 
'\ 
Vcc=12V 
~~ V 
11 


101 


HZ 


1 


w 
40 
~ 
II. 
'" 
"- 


....... r-.... 


<5 
3D 
0.02 
z 
VCc=8V .•••••• - 
" 
FLAT FREQUENC)REdPOJSE 


•... 
I--. 


=> 
20 
I 
I 
0.01 1~ 


0-•... 
=> 
10 
BALANCEO GAINS 
0 
I 
I 


0 
0 
0.25 
0.75 
1.25 
1.75 
2.25 
0 
-20 
-40 
-60 
-80 


INPUT VOLTAGE IVrms) 
GAIN (dB) 


Channel 
Separation 
vs 
Loudness 
Control 
Frequency 
Characteristic 


90 
25 
VIN-100 
mV 


'" 
BO 
20 
TONE CONTROLS FLAT 
V ,.-:--- ....• 
bL40HZ 
~ 
70 
15 
~ - 


........•..•. 
~ 


16 kHz .•••••• 


~ 
~ 
60 
•... 
10 
'" 
'"0 
..: 
0 
50 
'" 
5 
z 
\ 
z.. 
5 
40 
FLAT FREQUENCY RESPONSE 
0 


BALANCED GAINS 
3D 
-5 
20 
100 
500 
5k 
20k 
0 
1 
2 
3 
4 
5 
6 


FREQUENCY (Hz) 
V7-CONTROL 
VOLTAGE (V) 


47k 
:5l -Q: -4tF 
A; 0 22p.F 


INPUT 2.1 
~OUTPUT2 


0.47 p.F 


The 
maximum 
boost 
and 
cut 
can 
be optimized 
for 
in- 
dividual 
applications 
by 
selection 
of 
the 
appropriate 
values of Ct (treble) and Cb (bass). 


The tone responses 
are defined 
by the relationships: 


1 + 0.00065 (1-ab) 


jwCb 
Bass Response 
= 
1 + 0.00065ab 


jwCb 


1 + jw5500(1-at)Ct 
Treble Response 
= ------- 
1 + jw5500atCt 


Where 
ab=at=O 
for 
maximum 
bass 
and 
treble 
boost 
respectively 
and ab = at = 1 for maximum 
cut. 


For the values of Cb and Ct of 0.39 p.Fand 0.Q1p.Fas shown 
in the Application 
Circuit, 
15 dB of boost or cut is obtained 
at 40 Hz and 16 kHz. 


A zener voltage 
(pin 17 = 5.4V) is provided 
which 
may be 
used to bias the control 
potentiometers. 
Setting 
a DC level 
of one 
half 
of the zener 
voltage 
on the 
control 
inputs, 
pins 
4, 9, and 14, results 
in the 
balanced 
gain 
and flat 
response 
condition. 
Typical spread on the zener voltage 
is 
± 100 mV and this must 
be taken 
into account 
if control 
signals 
are used which are not referenced 
to the zener volt- 
age. If this 
is the case, then they will 
need to be derived 
with similar 
accuracy. 


A; 0.22p.F 


A simple 
loudness 
compensation 
may be effected 
by ap- 
plying 
a DC control 
voltage 
to pin 7. This operates 
on the 
tone control 
stages to produce an additional 
boost limited 
by the maximum 
boost 
defined 
by Cb and Ct. There is no 
loudness 
compensation 
when pin 7 is connected 
to pin 17. 


Pin 7 can be connected 
to pin 12 to give the loudness 
com- 
pensated 
volume 
characteristic 
as illustrated 
without 
the 
addition 
of further 
external 
components. 
(Tone settings 
for flat response. 
Cband Ctas given in Application 
Circuit.) 
Modification 
to the loudness 
characteristic 
is possible 
by 
changing 
the capacitors 
Cb and Ct for a different 
basic 
response 
or, by a resistor 
network 
between 
pins 7 and 12 
for a different 
threshold 
and slope. 


The volume control 
function 
of the LM1035 is carried 
out in 
two stages, 
controlled 
by the DC voltage 
on pin 12, to im- 


prove signal 
handling 
capability 
and provide 
a reduction 
of output 
noise 
level at reduced 
gain. The first 
stage 
is 
before the tone control 
processing 
and provides 
an initial 
15 dB of gain reduction 
so ensuring 
that the tone sections 
are not overdriven 
by large 
input 
levels 
when 
operating 
with 
a low volume 
setting. 
Any combination 
of tone and 
volume 
settings 
may be used 
provided 
the output 
level 
does not exceed 2 Vrms, Vcc = 12V (1 Vrms, Vcc = BV). At 
reduced 
gain 
« 
-15 
dB) the input 
stage 
will 
overload 
if 
the 
input 
level 
exceeds 
2 
Vrms, 
Vcc=12V 
(1 Vrms, 
Vcc = BV). As there is volume 
control 
on the input stages, 


the inputs 
may be operated 
with a lower overload 
margin 
than would 
otherwise 
be acceptable, 
allowing 
a possible 
improvement 
in signal 
to noise ratio. 


T 
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en 
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VOLTAGE 
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LM1037 Dual Four-Channel Analog Switch 


The 
LM1037 
is a dual, 
electronically 
controlled, 
four- 
channel analog switch 
with an internal 
muting 
facility. 


Its features 
make it ideal for stereo source 
selection 
in 
audio equipment 
and for use in a wide range of industrial, 


automotive, 
multiplexing 
or sampling 
applications. 


An additional 
pin is included 
to allow parallel connection 


of two or more integrated 
circuits. 


• 
Wide supply voltage range 


• 
Low distortion, 
0.04% typical 


• 
Low noise, typically 
5!-'V 


• 
High input impedance 


• 
Low output 
impedance 


• 
TTL compatible 


• 
Very low control 
current 


• 
Maximum 
control 
voltage independent 
of supply 
(up to 50V) 


1A 


2A 


18 


28 
AUDIO 
INPUTS 
11 
1C 


2C 13 


17 
10 


20 15 


CONTROL 
INPUT 
STAGES 


9 


1 
2 
MUTE 
~INHI8IT 


Absolute 
Maximum 
Ratings 


Supply 
Voltage 
32V 


Operating 
Temperature 
Range 
- 20·C 
to + 70·C 


Storage 
Temperature 
Range 
-65·Cto 
+150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical 
Characteristics 
Vs= 
12V, TA=25·C 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Supply 
Voltage 
Range 
5 
28 
V 


Supply 
Current 
VSUPPLY= 12V 
6.4 
8.5 
mA 


VSUPPLY = 30V 
10 
12 
mA 


Voltage 
Gain 
-0.5 
0 
0.5 
dB 


Signal 
Handling 
(Note 
1) 
VSUPPLy=12V 
2.8 
2.9 
3.0 
Vrms 


Distortion 
THD 
VSIGNAL = 1 Vrms 
@ 1 kHz 
0.04 
0.1 
% 


Noise 
Voltage 
at Output 
CCIRIARM 
Rs=2k 
5 
15 
p.V 


Channel 
Separation 
(Note 
2) 
VSIGNAL = 1 Vrms 
@ 1 kHz 
-95 
dB 


Relative 
Output 
in Muted 
State 
VSIGNAL = 1 Vrms 
@ 1 kHz 
-90 
dB 


Note 1: The instantaneous 
maximum 
voltage difference 
between any two input pins of one channel is 9.6V. Voltages in excess of this level may cause in- 
creased distortion 
and degraded channel separation. 


Typical Performance 
Characteristics 


Supply 
Current 
vs Supply 
Supply 
Current 
vs 
Signal·to·Noise 
vs 
Voltage 
Temperature 
Temperature 
(Note 
2) 
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vs Frequency 
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Typical Performance 
Characteristics 
(Continued) 


Total Harmonic Distortion 
Total Harmonic Distortion 
Total Harmonic Distortion 


vs Frequency 
vs Frequency 
vs Frequency 
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Signal Handling vs 
Frequency (Note 5) 


Note 2: Signal-lo-noise 
measurement 
referred to a 1 Vrms input signal bandwidth 
to CCIR/ARM specifica- 
,. 
10 
lions. 


'" 
Note 3: The level of output signal of a selected undriven amplifier with respect to the output level of aselected 
z 
ii: 
1 
driven amplifier. 
For test purposes, signal is applied to only one input and all other inputs are decQupled to 
z 
\ 
eliminate stray pick-up through external components. Channel separation is then defined as the ratioot signal 
.. 
:z: 
levels of the two output pins. 
~.. 
0.1 
Note 4: For test purposes, signals are connected to three unselected input pins of one channel group and all 
z 
'" 
in 
\ 


other inputs are decoupled to eliminate 
stray pick-up through external components. 


Note 5: Supply voltage 12V; signal handling defined at 1% distortion. 
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Typical Application 
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INPUTS 
-t> 


INPUTS 


18~: 
--.. 
T- 
:~2C 
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12 


280---1 
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:~1C 
- 
v 
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R = 100 klJ 1/4 watt 


c!:J 
C2 
c!:JC2 
C3 


C1 = 10~F electrolytic 
T 
T 
T 
C2 = 1 ~F electrolytic 
TO PIN 7 
CH 2 
CH 1 


C3 = 100~F electrolytic 
NEXT DEVICE , 
, 


AUDIO OUTPUTS 


Inputs 
:switcned 
to uutput 
!'lnS 
lIP Channel 
1A 
2A 
1B 
2B 
1C 
2C 
10 
20 
Mute 
Control 


Pin No. 
2 
4 
6 
8 
11 
13 
17 
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VH 
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DCControl 
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VH 
VH 
VL 
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(Pins) 
16 
VH 
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VL 
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VL 
VL 
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VL 
VL 
VH 
VH 
VL 
VL 
VL 
VL 
VL 


Output 
Pin 
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9 
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9 
10 
9 
10 
9 
9 and 10 


Output 
O/P1 
OlP2 
OlP1 
O/P2 
OlP1 
O/P2 
OlP1 
OlP2 


low switching 
level (VU<O.8V 


High switching 
level (VH»2.0V 
and up 10 50V 


SWITCHING 
SPEED 
VERTICAL 
2V/DIV 
HORIZONTAL 
2 iLS/DIV 


I 
\ 


To increase 
the channel 
switching 
capacity. 
two or more devices 
can be connected 
together 
by the direct 
coupling 
of 
the mute 
inhibit 
pin 7 and the output 
pins 9 and 10. Only one output 
capacitor 
is required 
for each common 
output. 
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PRELIMINARY 


The 
LM1038 
is 
a dual, 
electronically 
controiled, 
four- 
channel 
analog 
switch 
with an internal 
muting 
facility. 


Its features 
make 
it ideal for stereo 
source 
selection 
in 
audio equipment 
and for use in a wide range of industrial, 


automotive, 
multiplexing 
or sampling 
applications. 


An additional 
pin is included 
to allow 
parallel 
connection 
of two or more 
integrated 
circuits. 
Channel 
selection 
is 
achieved 
via 
two 
logic 
data 
pins 
with 
clock 
enabled 
latches. 


• 
Wide supply voltage 
range 


• 
Low distortion, 
0.04% typical 


• 
High input impedance 


• 
Low output 
impedance 


• 
TTL compatible 


• 
Very low control 
current 


• 
Maximum 
control 
voltage 
independent 
of supply 
(up to 50 V) 


• 
2 control 
pins accept 
BCD input pulses 


• 
Clock enable input may be strobed 
from a bus 


DATA 
INPUT 
STAGES 


7 
MUTE INHIBIT 
?~~:u~yo 


-'0 
OUTPUT 


9 OUTPUT 


Absolute 
Maximum 
Ratings 


Supply 
Voltage 
32V 


Operating 
Temperature 
Range 
- 20·C to + 70·C 


Storage 
Temperature 
Range 
-65·Cto 
+ 150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical 
Characteristics 
Vs = 12V, TA = 25·C 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Supply 
Voltage 
Range 
5 
28 
V 


Supply 
Current 
VSUPPLY= 12V 
14 
mA 


VSUPPLY= 30V 
20 
mA 


Voltage 
Gain 
-0.5 
0 
0.5 
dB 


Signal 
Handling 
(Note 
1) 
VSUPPLY= 12V 
2.8 
2.9 
3.0 
Vrms 


Distortion 
THO 
VSIGNAL= 1 Vrms 
@ 1 kHz 
0.04 
0.1 
% 


Noise 
Voltage 
CCIR Filter, 
Rs = 2k 
5 
15 
p.V 


Channel 
Separation 
VS1GNAL= 1 Vrms 
@ 1 kHz 
-95 
dB 


Relative 
Output 
in Muted 
State 
VS1GNAL= 1 Vrms 
@ 1 kHz 
-90 
dB 


Note 1: The instantaneous 
maximum 
voltage 
difference 
between 
any two input 
pins of one channel 
is 9.6V. Voltages 
in excess 
of this level may cause in- 


creased distortion 
and degraded channel separation. 


Truth Tables 
LM1038 


Logic 
Inputs 
Mute 
Stereo 
Channel 
Selected 
Pin 3 
Pin 16 
Pin 1 
9 (Pin) 
10 (Pin) 


VL 
VL 
VL 
20(15) 
10 (17) 


VL 
VH 
VL 
2A(4) 
1A(2) 


VH 
VL 
VL 
2B(8) 
1B (6) 


VH 
VH 
VL 
2C(13) 
1C (11) 


X 
X 
1 
Mute-DC 
Output 
Bias Only 


Logic ievel,VL<O.BV 


Logic 
level, VH >2.0V 
and up to 50V 


2 DEVICES 
CONNECTED 
IN PARALLEL 


To increase 
the channel 
switching 
capacity, 
two or more devices 
may be connected 
together 
by the direct 
coupling 
of 
the mute 
inhibit 
pin 7 and the output 
pins 9 and 10. Only one output 
capacitor 
is required 
for each common 
output. 


Logic 
Inputs 
Mute 
Channels 


Device 
1 
Device 
2 
Device 
1 
Device 
2 
Selected 


Pin 3 
Pin 6 
Pin 3 
Pin 16 
Pin 1 
Pin 1 
Pin9 
Pin 10 


Device 
1 


VL 
VL 
X 
X 
VL 
VH 
20 (15) 
10(17) 


VL 
VH 
X 
X 
VL 
VH 
2A(4) 
1A(2) 


VH 
VL 
X 
X 
VL 
VH 
2B(8) 
1B(6) 


VH 
VH 
X 
X 
VL 
VH 
2C(13) 
1C (11) 


Device 
2 


X 
X 
VL 
VL 
VH 
VL 
20 (15) 
10 (17) 


X 
X 
VL 
VH 
VH 
VL 
2A(4) 
1A(2) 


X 
X 
VH 
VL 
VH 
VL 
2B(8) 
1B (6) 


X 
X 
VH 
VH 
VH 
VL 
2C(13) 
1C (11) 


X 
X 
X 
X 
VH 
VH 
Mute - 
DC Output 


Bias Only 


r-01O 


r-02O 


INPUTS 


~2C 


~lC 


C3 
T 
T 
CH 1 
T 
TO PIN 7 
CH 2 
NEXT DEVICE 
'-------------------~ 
AUDIO OUTPUTS 


A = 100 kG 1/4 wall 


C1 = 10 pF electrolytic 


C2 = 1 pF electrolytic 


C3 = 100 pF electrolytic 


() 
C\I 
,.... 
,.... 
,.... 
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-I 
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,....i-I 
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General Description 


-I 
The LM1112 is a monolithic 
integrated 
circuit 
specifically 
designed 
to 
realize 
the 
Dolby 
B-type 
noise 
reduction 


system. 
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LM1112A/LM1112B/LM1112C 
Dolby B-Type Noise Reduction Processor 


It is a replacement 
for 
the 
LM1111 and 
the 
Signetics 


NE-645/648 
but with improved 
performance 
figures. 


• 
Very high signal/noise 
ratio, 74 dB encode (CCIR/ARM) 


• 
Wide supply 
voltage 
range, 6V to 20V 


• 
Very close matching 
to standard 
Dolby characteristics 


• 
Audible 
switch-on 
transients 
greatly 
reduced 


• 
Improved 
temperature 
performance 


• 
Reduced 
number 
of precision 
external 
components 


• 
Improved 
transient 
stability 


• 
Input protection 
diodes 


Available only to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application information must be 
obtained. 


Dolby and the double·D symbol are trademarks of Dolby Laboratories 
Licensing Corporation. 


- 
Storage 
Temperature 
Range 
- 65·C to + 150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical 
Characteristics 
Vs = 12V, TA= 25·C. N.B. 0 dB refers to Dolby 
level which 
is 580 mVrms at pin 3. 


Conditions 
LM1112A 
LMll12B 
LMll12C 


Units 
Parameter 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Supply 
Voltage 
Aange 
6 
20 
6 
20 
6 
20 
V 


Supply 
Current 
15 
20 
15 
20 
15 
20 
mA 


Voltage 
Gain 


(Pin 5-3) 
1 kHz Pins 6 and 2 
24.5 
25.5 
26.5 
24.5 
25.5 
26.5 
24 
25.5 
27 
dB 


Connected 


(Pin 5-6) 
1 kHz Pin 6 Open 
14.7 
14.7 
14.7 
dB 


(Pin 3-7) 
1 kHz (Noise 
-0.5 
0 
0.5 
-0.5 
0 
0.5 
-1 
0 
1 
dB 


Aeduction 
Out) 


Distortion 
1 kHz, 0 dB 
0.Q3 
0.1 
0.03 
0.1 
0.03 
0.1 
% 


10 kHz, + 10 dB 
0.2 
0.3 
0.2 
0.3 
0.2 
0.3 
% 


Signal 
Handling 
1 kHz, 0.3% 
Distortion 


Vs=6V 
8.5 
8.5 
8.5 
dB 


Vs= 
12V 
13 
15.5 
13 
15.5 
13 
15.5 
dB 


Vs= 
18V 
19 
19 
19 
dB 


Signal/Noise 
Aatio 
Pins 6 and 2 


at Pin 7 
Connected 


Encode 
Mode 


(CCIA/AAM) 


NA In 
As = 10k 
71.5 
74 
71 
74 
70 
74 
dB 


As= 
1k 
77 
77 
77 
dB 


NAOut 
As = 10k 
83 
83 
83 
dB 


Decode 
Mode 
As = 10k 
83 
83 
83 
dB 


(CCiA/AAM) 


Encode 
Characteristics 
Input 
to Pin 5 


10 kHz, 0 dB 
0 
0.5 
1.0 
-0.2 
0.5 
1.2 
-0.5 
0.5 
1.5 
dB 


1.3 kHz, 
- 20 dB 
-16.2 
-15.7 
-15.2 
-16.7 
-15.7 
-14.7 
-17.2 
-15.7 
-14.2 
dB 


5 kHz, 
-20 
dB 
-17.3 
-16.8 
-16.3 
-17.8 
-16.8 
-15.8 
-18.3 
-16.8 
-15.3 
dB 


3 kHz, 
-30dB 
-21.7 
-21.2 
-20.7 
-22.2 
-21.2 
-20.2 
-227 
- 21.2 
-19.7 
dB 


5 kHz, 
-30 
dB 
-22.3 
-21.8 
-21.3 
-22.8 
-21.8 
-20.8 
-23.3 
-21.8 
-20.3 
dB 


10 kHz, 
- 30 dB 
-24.0 
-23.5 
-23.0 
-24.5 
-23.5 
-22.5 
-25.0 
-23.5 
-22.0 
dB 


10 kHz, 
- 40 dB 
-30.1 
-29.6 
-29.1 
-30.3 
-29.6 
-28.9 
-30.6 
-29.6 
-28.6 
dB 


Input 
Aesistance 
Pin 5 
50 
65 
80 
50 
65 
80 
50 
65 
80 
kl1 


Pin 2 
4.3 
5.6 
6.9 
4.3 
5.6 
6.9 
4.3 
5.6 
6.9 
kl1 


Output 
Aesistance 
Pin 6 
1.8 
2.4 
30 
1.8 
2.4 
30 
1.8 
2.4 
3.0 
kl1 


Pin 3 
30 
45 
30 
45 
30 
45 
11 


Pin 7 
30 
45 
30 
45 
30 
45 
11 


PSAA 
1=120 
Hz 
40 
40 
40 
dB 


Load Impedance 


Pin 3 
5 
5 
5 
kl1 


Pin 7 
5 
5 
5 
kl1 


Signal/Noise 
Ratio 
vs Source 
Impedance 
Encode 
Mode (CCIR/ARM) 
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Response 
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Supply 
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should 
be noted: 
approximately 
0.4 dB remains.) 
This 
is not 
the 
case 
for 


1. Signal 
boost 
is reduced 
by increasing 
DC voltage 
on 
mechanical 
NR switching. 


Pin 14 (see curve). 
A voltage 
of approximately 
3V is ade- 
quate 
to achieve 
NR OFF. 


2. Supply 
current 
may be significantly 
increased 
by high 
- 


pin 14 forced 
voltages. 
Values 
for V and R should 
thus 
be 


chosen 
such 
that 
pin 14 voltage 
is 3V-4V. 


- - - - 
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-- ------- 
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DOLBY B-TYPE INTEGRATED CIRCUIT 
G 
~ 
I 
NATIONAL 
LM1112. 
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14 
4 15 
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R303 
150K 
R304 


Noise Reduction 
5% 
270K 


Switch 
R305 
OUT 
R 
C306 
C307 


f 


330K 


f1 
f33 
v 


~ 


5% 


NR Lamp 
To C306 in 
~ 


other Dolby 
Processors 


Note 1: Where not otherwise specified, component tolerances are ± 10%. 


Signal 
Boost 
vs Pin 14 Control 
Voltage 
Supply 
Current 
vs Pin 14 Control 
Voltage 
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Note1: 
1 of capacitors 
from pin 3 and pin 7 to ground may be required on older devices. 


Not.2: 
Where not otherwise 
specified, 
component 
tolerances 
are ± 10%. 


Not. 
3: For LM1112AN use 2% components 
for C304, R3D3, R305. (5% components 
may cause errors up to ± 0.3 dB.) 
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Order 
Number 
LM1112AN, 
LM1112BN 
or LM1112CN 
See NS Package 
N16E 


~National 
~ 
Semiconductor 
Audio/Radio 
Circuits 


PRELIMINARY 
[)[] 


LM1121A/LM1121B/LM1121C Dolby B-TypeNoise Reduction 
Processor with DC Switching 


The LM1121 is a monolithic 
integrated 
circuit 
designed 
to 


realize 
the 
Dolby 
B-type 
noise 
reduction 
system. 
It fea- 
tures 
two 
separate 
inputs 
and 
outputs 
for 
encode 
and 


decode 
signal 
paths. 
Both 
the mode 
selection 
and noise 
reduction 
switches 
are internal 
and controlled 
by external 
DC voltage 
levels. 


• 
DC switching 
of both 
encode/decode 
and noise 
reduc- 


tion ON/OFF 


• 
Separate 
inputs 
and outputs 
for encode 
and decode 


• 
Full-wave 
detector 
circuit 


• 
Very close 
matching 
to standard 
Dolby 
characteristics, 


±0.5 dB 


• 
Very low signal/noise 
ratio- 
74 dB encode 
(CCIR/ARM), 


82 dB decode 


• 
Very high signal 
handling 
capability, 
> 20 dB (Vs = 20V) 


for operation 
with 
metal 
tape 


NEGATIVE SUPPLY 


LOWER SHIFT 
OECOUPLING 


RECTIFIER OUTPUT 


VARIABLE 
IMPEOANCE 
4 
CONTROL 
AMPLIFIER 
0 
FEEOBACK OECOUPLING 
VARIABLE 
IMPEOANCE 
INPUT 
NOISE REOUCTION 
SWITCH 


SIGNAL GROUND 


16 POSITIVE SUPPLY 


15 MONITOR OUTPUT 


14 RECORD OUTPUT 


13 AMPLIFIER 
EK 


INP4T 
12 AMPLIFIER 
AB 
OUTPUT 


11 DECODE INPUT 


10 
MODE SWITCH 


TOP VIEW 


Order 
Number 
LM1121AN, 
LM1121BN, 


or LM1121CN 
See NS Package 
N16E 


Pin 10 
Mode 


High 
Encode 


Open 
Decode 


Low 
Decode 


Pin 7 
Noise 
Reduction 


High 
Off 


Open 
On 


Low 
On 


Available 
to licensees 
of Dolby Laboratories 
Licensing 
Corporation, 
San Francisco, 
CA, from whom licensing 
and applications 
information 
must 
be obtained. 


Dolby and the double·O 
symbol 
are trademarks 
of Dolby Laboratories 
Inc. 


Absolute Maximum Ratings 


Supply 
Voltage 
24V 


Operating 
Temperature 
Range 
- 20·C to + 70·C 


Storage 
Temperature 
Range 
- 60·C to + 150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical Characteristics 


(Vs = 12V, TA= 25·C unless 
otherwise 
specified) 
N.B. 0 dB refers 
to Dolby 
level and is 580 mVrms 
measured 
at TP1. 


Parameter 
Conditions 
LM1121A 
LM1121B 
LM1121C 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Supply Voltage 
5 
20 
5 
20 
5 
20 
V 
Range 


Supply Current 
14 
14 
14 
mA 


Voltage Gain 
1 kHz, Noise 
25.2 
25.7 
26.2 
24.7 
25.7 
26.7 
24.2 
25.7 
27.2 
dB 
Pins 9-14 and 11-15 
Reduction OFF 


Voltage Gain 
1 kHz, Pin 12 Open 
19.7 
19.7 
19.7 
dB 
Pin 9 or 11-12 


Signal/Noise 
Ratio 
Encode 
Pin 14, Rs = 10k 
71.5 
74 
71 
74 
69 
74 
dB 


Rs=1k 
77 
77 
77 
dB 
Decode 
Pin 15, Rs = 10k 
83 
83 
83 
dB 
NR OFF 
Pins 14 and 15 
Rs=10k 
83 
83 
83 
dB 
Rs=1k 
85 
85 
85 
dB 


Encode 
10 kHz, 0 dB 
0 
0.5 
1.0 
-0.2 
0.5 
1.2 
-0.5 
0.5 
1.5 
dB 
Characteristics 
1.3 kHz, - 20 dB 
-16.2 
-15.7 
-15.2 
-16.7 
-15.7 
-14.7 
-17.2 
-15.7 
-14.2 
dB 
5 kHz, - 20 dB 
-17.3 
-16.8 
-16.3 
-17.8 
-16.8 
-15.8 
-18.3 
-16.8 
-15.3 
dB 
3 kHz, - 30 dB 
-21.7 
-21.2 
-20.7 
-22.2 
-21.2 
-20.2 
-22.7 
-21.2 
-19.7 
dB 
5 kHz, - 30 dB 
-22.3 
-21.8 
-21.3 
-22.8 
-21.8 
-20.8 
-23.3 
-21.8 
-20.3 
dB 
10 kHz, - 30 dB 
-24.0 
-23.5 
-23.0 
-24.5 
-23.5 
-22.5 
-25.0 
-23.5 
-22.0 
dB 
10 kHz, - 40 dB 
-30.1 
-29.6 
-29.1 
-30.3 
-29.6 
-28.9 
-30.6 
-29.6 
-28.6 
dB 


Variation 
in Encode 
0'C-70'C 
< ±0.5 
< ±0.5 
< ±0.5 
dB 
Characteristics 
with 
Temperature 


Distortion 
1 kHz, 0 dB 
0.03 
0.1 
0.03 
0.1 
0.03 
0.2 
% 


10 kHz, 10 dB 
0.2 
0.3 
0.2 
0.5 
0.2 
0.7 
% 


Signal Handling 
1 kHz, Dist = 0.3% 
Vs =5V 
6.5 
6.5 
6.5 


Vs = 7V 
10.5 
10.5 
10.5 
dB 
Vs=12V 
14.0 
16.0 
14.0 
16.0 
14.0 
16.0 
dB 
Vs =20V 
21.0 
21.0 
21.0 
dB 


Switching 
Transients 
Measured at 
Pin 14 or 15 
Encode/ 
20 
20 
20 
mV 
Decode/Encode 


NR OFF/ON/OFF 
20 
20 
20 
mV 


Input Resistance 
Pins 9 and 11 
50 
65 
80 
50 
65 
80 
50 
65 
80 
k!l 


Pin 13 
4.3 
5.6 
6.9 
4.3 
5.6 
6.9 
4.3 
5.6 
6.9 
k!l 


Output Resistance 
Pin 12 
1.8 
2.4 
3.0 
1.8 
2.4 
3.0 
1.8 
2.4 
3.0 
k!l 


Pins 14 and 15 
30 
55 
30 
55 
30 
55 
!l 


--.J 
ENCOOE 
INPUT 
c2ooLl ...----- 


0.47 


R304 
+ 
270k 
NR SWITCH 


C305 
10115 


C304 


R306 
0.047 


75k 
C306 
C30T 
5% 


5% 
0.1 
0.33 


SIGNAL 
GROUND 


C2D2 
T220/15 


~National 
~ 
Semiconductor 


Audiol Radio Circuits 
PRELIMINARY 
I)[] 
LM1131A/LM1131 
B/LM1131C 
Dual Dolby B·Type Noise Reduction 
Processor 


The LM1131 is a monolithic 
integrated 
circuit 
specifically 


designed 
to 
realize 
the 
Dolby 
B-type 
noise 
reduction 


system. 


The circuit 
includes 
two completely 
separate 
noise reduc- 
tion 
processors 
and 
will 
operate 
in both 
encode 
and 


decode 
modes. 
It is ideal for stereo 
applications 
in com- 


pact equipment 
or for mono applications 
in 3-head equip- 
ment 
where 
two 
processors 
with 
very closely 
matched 


internal 
gains are required. 


• 
Very 
high 
signal/noise 
ratio, 
79 dB 
encode, 
90 
dB 
decode (CCIR/ARM) 


• 
Very close gain matching 
for 3-head recorders 


• 
Close matching 
to standard 
Dolby characteristics 


• 
Very low temperature 
drift of Dolby characteristics 


• 
High signal 
handling 
capability, 
> + 20 dB (Vs= 20V) 


• 
Full-wave 
rectifier 
in both channels 


• 
Operates 
with both single 
and split supply 
voltages 


• 
Excellent 
transient 
response 
characteristics 


• 
Minimal 
input switch-on 
transients 


• 
Reduced 
number 
of external 
components 
per channel 


• 
Improved 
input protection 
• 
Stereo 
Dolby noise reduction 
with one IC 


• 
Wide supply 
voltage 
range, 5V-20V 


Available to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application 
information must be 


obtained. 


Dolby and the double·O symbol are trademarks of Dolby Laboratories 
Licensing Corporation. 


Absolute Maximum Ratings 


Supply Voltage 
24V 


Operating 
Temperature 
Range 
- 20·C to + 70·C 


Storage Temperature 
Range 
-65·Cto 
+150·C 


Lead Temperature 
(Soldering, 
10seconds) 
t0300·C 


Electrical Characteristics 
Vs= 12V, TA= 25·C unless otherwise 
specified. 
N.B. 0 dB refers to Dolby level and is 
580 mV, measured 
at TP1 and TP2. 


Parameter 
Conditions 
LM1131A 
LM1131B 
LM1131C 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Supply Voltage Range 
5 
20 
5 
20 
5 
20 
V 


Supply Current 
20 
20 
20 
mA 


Voltage Gain 
(Pins 7-10 and 14-11) 
1 kHz Decode 
19.2 
19.7 
20.2 
18.7 
19.7 
20.7 
18.2 
19.7 
21.2 
dB 


(Pins 10-9 and 11-12) 
1 kHz Decode 
-0.5 
0 
0.5 
-0.5 
0 
0.5 
-1.0 
0 
1.0 
dB 


Difference in Voltage 
1 kHz Noise 
-0.2 
0 
0.2 
-0.5 
0 
0.5 
-1.0 
0 
1.0 
dB 


Gain Between Channels 
Reduction OFF 


Crosstalk Between 
1 kHz, 0 dB 
-60 
-90 
-60 
-90 
-60 
-90 
dB 


Channels 


Signal/Noise Ratio 
at Pins 9 and 12 
Encode 
Rs= 10kll 
77 
79 
75.5 
79 
74 
79 
dB 


Rs=1kll 
82 
82 
82 
dB 


Decode 
Rs=10k 
90 
90 
90 
dB 


Rs=1k 
92 
92 
92 
dB 


Encode Characteristics 
10kHz, 0 dB 
0 
0.5 
1.0 
0.2 
0.5 
1.2 
-0.5 
0.5 
1.5 
dB 


1.3kHz, - 20 dB 
-16.2 
-15.7 
-15.2 
-16.7 
-15.7 
-14.7 
-17.2 
-15.7 
-14.2 
dB 


5 kHz, -20 dB 
-17.3 
-16.8 
-16.3 
-17.8 
-16.8 
-15.8 
-18.3 
-16.8 
-15.3 
dB 


3 kHz, -30 dB 
-21.7 
-21.2 
-20.7 
-22.2 
-21.2 
-20.2 
-22.7 
-21.2 
-19.7 
dB 


5 kHz, -30 dB 
-22.3 
-21.8 
-23.0 
-22.8 
-21.8 
-20.8 
-23.3 
-21.8 
-20.3 
dB 
10kHz, - 40 dB 
-30.1 
-29.6 
-29.1 
-30.3 
-29.6 
-28.9 
-30.6 
-29.6 
-28.6 
dB 


Variation In Encode 
Characteristics 
Temperature 
0·C-70·C 
<±0.5 
< ±0.5 
<±0.5 
dB 


Voltage 
5V-20V 
< ±0.2 
< ±0.2 
< ±0.2 
dB 


Distortion 
1 kHz,OdB 
0.03 
0.1 
0.03 
0.1 
0.03 
0.2 
% 


10kHz, 10dB 
0.2 
0.3 
0.2 
0.5 
0.2 
0.7 
% 


Signal Handling 
1 kHz, Dist = 0.3% 
Vs =5V 
6.5 
6.5 
6.5 
dB 


Vs = 7V 
10.5 
10.5 
10.5 
dB 


Vs= 12V 
14.0 
16.0 
14.0 
16.0 
14.0 
16.0 
dB 


Vs=20V 
21.0 
21.0 
21.0 
dB 


Input Resistance 
Pins 7 and 14 
50 
65 
80 
50 
65 
80 
50 
65 
80 
kll 


Output Resistance 
Pins 9 and 12 
30 
55 
30 
55 
30 
55 
II 


Pins 10and 11 
30 
55 
30 
55 
30 
55 
II 


Supply 
Current 
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Voltage 
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+ 
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47K 
0.0047 
270K 


0.047 
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SIDECHAIN liP 


0.1 
0.33 
3.3K 


v- 
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LM1131 
may 
operate 
with 
either 
single 
or split 
supply 


voltages. 


Single 
Supply 
Voltage 


Pin 1 is connected 
to ground, 
pin 20 to Vs. 


Pins 8 and 13 are internally 
generated 
reference 
voltages 


set 
to 
approximately 
half-supply. 
They 
should 
be con- 
nected 
together 
externally. 


A 220 I'F capacitor 
must be connected 
between 
pins 8 and 


13 and ground. 
Device 
turn-on 
time 
is delayed 
by the rise 


time of pins 8 and 13. 


Split 
Supply 
Voltages 


Pin 1 is connected 
to the negative 
supply, 
pin 20 to the 


positive 
supply. 
Pins 8 and 13 are connected 
to OV and no 


capacitor 
is required. 
Device 
turn-on 
time 
is delayed 
only 
be the rise times 
of the supply 
voltages. 


It should 
be noted 
that 
LM1131 has only one internal 
pre- 


amplifier, 
AB, with 
no provision 
for interconnection 
of a 
low pass filter 
to remove 
bias or multiplex 
tones. 
In addi- 
tion, main chain 
gain has been reduced 
by6dB 
in compari- 


son with 
LM1112/LM1011. 


If a low pass filter 
is required 
it should 
be connected 
at the 


input 
of the LM1131. Pre-adjustment 
of Dolby 
input 
level 
may then be performed, 
at the input 
of LM1131 if required. 


V3 
L: 


Noise 
reduction 
OFF 
is normally 
effected 
by means 
of a 
mechanical 
switch 
which 
open-circuits 
the 
sidechain 
input. 


An alternative 
method 
which 
permits 
the 
control 
of NR 
OFF 
by means 
of 
a DC voltage 
is shown 
in Figure 
1. 


The DC control 
voltage 
forces 
the internal 
impedance 
to a 
minimum 
value 
and 
heavily 
attenuates 
the sidechain 
in- 
put. When 
using 
this 
circuit 
the following 
points 
should 
be noted: 


a) Signal 
boost 
in encode 
mode (signal 
cut in decode) 
is 
reduced 
by increasing 
DC voltages 
on pins 3 and 18. A 
voltage 
of approximately 
3V above 
signal 
ground 
is 
adequate 
to achieve 
NR OFF. 


b) Supply 
current 
may be increased 
significantly 
by high 
pin 3/18 forcing 
voltages. 
Thus, 
values 
for V3 and 
R3 


should 
ideally 
be chosen 
such 
that 
pin 
3/18 forced 


voltage 
is only 3V-5V 
greater 
than signal 
ground. 
Max- 
imum 
permissible 
voltage 
on pin 3/18 is equal to suppiy 


voltage. 


c) When 
electrical 
NR switching 
is used 
in this 
way, 
NR 
OFF 
signal 
level is slightly 
affected 
by the restriction 
that 
the 
internal 
variable 
impedance 
cannot 
achieve 


zero 
impedance. 
Thus, 
at 
10 kHz -10 
dB, 
a residual 


boost 
in encode 
(or cut 
in decode) 
of approximately 


0.4 dB remains. 
At low frequencies 
this 
value 
reduces 


to insignificant 
levels. 


This 
is not the case for mechanical 
NR switching. 


Note 1: Where not otherwise 
specified 
component 
tolerances 
are ± 10%. 


Note 2: For LM1131AN use 2% 
components 
for C304, R303, R305. 


(5% components 
may cause errors 
up to ± 0.3 dB). 
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Order 
Number 
LM1131AN, 
LM1131BN 
or LM1131CN 
See NS Package 
N20A 


LM1310 Phase· Locked Loop FM Stereo Demodulator 


General Description 
Features 


The LM1310 
is an integrated 
FM stereo demodu- 
• Automatic 
stereo/monaural 
switching 


lator using phase locked loop techniques to regen- 
erate 
the 
38 
kHz 
subcarrier. 
A second version 
• 
No 
coils, 
all 
tuning 
performed 
with 
single 


also available 
is the 
LMl800 
(see separate data 
potentiometer 


sheet) which 
adds superb power supply 
rejection 
• Wide supply operating voltage range 
and 
buffered 
(emitter 
follower) 
outputs 
to 
the 


basic phase locked 
decoder circuit. 
The features 
• 
Excellent channel separation 
available in these integrated circuits make possible 
a system delivering 
high fidelity 
sound within 
the 


cost restraints of inexpensive stereo receivers. 


Connection 
Diagram 
Typical Application 


Dual-In-Line 
Package 
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Order Number 
LM1310N 
v~ 


See NS Package 
N14A 


Typical Performance Characteristics 


Stereo 
Distortion 
vs 
Monaural Distortion 
vs 
Channel 
Separation 
I"put Amplitude 
Input 
Amplitude 


60 
0.3 
0.3 
11 VCOil 
iii 
SS 


19000 :110 Hz 


'" 
2) 
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~ 
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J) 100 mV ••_" 
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0.2 
~ 
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;:: 
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e 
z 
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4' 
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1/ 
~ 
40 
0.1 
~ 
~ 
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3' / 
C1 = INPUT 
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30 
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10 
30 
0 
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1 
1.5 
2 
2.S 
0 
O.S 
1 
1.5 
2 
2.S 


AUDIO 
FREQUENCY 
(Hz X 100) 
INPUT COMPOSITE SIGNAL LEVEl IVp·p) 
INPUT 
SIGNAL 
lEVEl 
(Vp-p) 


Supply 
Voltage 


Power Dissipation 
(Note 
2) 


Operating 
Temperature 
Range 


18V 


715 mW 


O°C to +70°C 


Operating 
Supply 
Voltage Range 
10V to 18V 


Storage 
Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Lamp Driver Leakage 


Pilot Level for Lamp "ON" 
Pin 11 Adjusted to 19.00 kHz 


Pin 11 Adjusted to 19.00 kHz 


40 


45 


0.3 
1.5 


485 


0.3 


0.15 


±3.5 


35 


45 


50 


75 


2.0 Vp-p Composite with 
10% Pilot 


50 mVrms of Pilot 


19 kHz 


38 kHz 


f = 67 kHz; Measure 9 kHz Beat Note 


with 
1 kHz Modulation 
"OFF" 


Note 
1: 
Unless otherwise 
noted: 
VCC 
= +12 VOC 
and TA = +2SOC. The input signal is a 2.8 Vp·p 
standard multiplex 
composite 
signal using 10% Pilot and with 
Lor 
R-channel 
only modulated 
at 1.0 kHz. 


Note 
2: 
For operation 
in ambient 
temperatures 
above 
2SoC, 
the device 
must 
be derated 
based 
on a lS<fC 
maximum 
junction 
temperature 
and a themal 
resistance 
of 17SoC/W 
junction 
to ambient. 


Note 
3: 
The 
VCO 
can be defeated 
(sometimes 
desirable when 
using an AM-FM 
receiver in the AM mode) by returning 
pin 14 to 
ground through 
a 2.2 kn resistor. 


Pilot Amplitude 
vs 
Capture 
Frequency 
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INPUT 
PILOT 
FREOUENCY 
(kHz) 


~National 
~ 
Semiconductor 


The 
LM1391 
integrated 
circuit 
has 
been 
designed 
primarily 
for 
use 
in 
the 
horizontal 
section 
of 
TV 
reo 
ceivers, 
but 
may 
find 
use in other 
low frequency 
signal 


processing 
applications. 
It includes 
a stable 
VCO, 
linear 


pulse 
phase 
detector, 
and 
variable 
duty 
cycle 
output 
driver. 


• 
Output 
transistor 
with 
low saturation 
and high voltage 
swing 


• 
APC 
of 
the 
oscillator 
with 
a synchronizing 
signal 


• 
DC 
controlled 
output 
duty 
·cycle 


• 
±300 
Hz typical 
pull·in 


• 
Linear 
balanced 
phase 
detector 


• 
Low thermal 
frequency 
drift 


• 
Small 
static 
phase 
error 
• 
Internal 
active 
regulator 
for improved 
supply 
rejection 


• 
Uncommitted 
collector 
of output 
transistor 


Absolute 
Maximum 
Ratings 


Supply Current 
40 mADe 
Power 
Dissipation 
(Package 
Limitation) 


Output Voltage 
40 VDe 
Plastic 
Package 
(Note 
11 
1250 mW 


Output Current 
30 mADe 
Operating Temperature 
Range (Ambient) 
aOc to +7SoC 


Sync Input Voltage (Pin 3) 
5.0 Vp·p 
Storage Temperature 
Range 
-65°C 
to +150°C 


Flyback Input Voltage (Pin 4) 
5.0 Vp·p 


Electrical 
Characteristics 
T A = 25°C (see test circuit, 
all switches in position 
1) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Regulated Voltage (Pin 6) 
16= 22 mADC 
8.0 
8.6 
9.2 
VDC 


Supply 
Current 
(Pin 6) 
20 
mADC 


Collector-Emitter 
Saturation 
Voltage 
ICl = 20 mA 
0.30 
0.40 
VDC 


of Output 
Transistor 
(Pin 1) 


Pin 4 Voltage 
2.0 
VDC 


Oscillator 
Pull-in Range 
Adjust 
RH 
±300 
Hz 


Oscillator 
Hold-in 
Range 
Adjust 
RH 
±900 
Hz 


Static Phase Error 
tlf = 300 Hz 
0.5 
fJ.s 


Free-running 
Frequency 
Supply 
Sl in position 
2 
±3.0 
HzNDC 


Dependance 


Phase Detector 
Leakage (Pin 5) 
All switches in position 
2 
±1.0 
fJ.A 


Sync Input 
Voltage (Pin 3) 
2.0 
5.0 
Vp-p 


Sawtooth 
Input Voltage 
(Pin 4) 
1.0 
3.0 
Vp-p 


Maximum 
Oscillator 
Frequency 
500 
kHz 


Note 
1: 
For operat~on in ambient 
temperatures 
above 
25°C, 
the 
device 
must 
be derated 
based 
on a 150°C 
maximum 
junction 
temperature 
and a 


thermal 
resistance of 100° C/W junction 
to ambient. 


Typical Performance 
Characteristics 
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Output 
Duty Cycle 
V$ VM 


Time 
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Application 
Information 


The following 
equations 
may be considered 
when using 
DC Loop Gain 
JJI3 =" 3.2 x 10-5 
Rofo 
Hz/rad 
the LM 1391 in a particular 
application. 
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R201 = R301 = 
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PULSE·WIDTH 
MODULATION 


~National 
~ 
Semiconductor 


The LM 1596/LM 
1496 are double balanced modu· 
lator-demodulators 
which 
produce 
an output 
voltage proportional 
to the product 
of an input 
(signal) voltage and a switching 
(carrier) signal. 


Typical 
applications 
include 
suppressed carrier 


modulation, 
amplitude 
modulation, 
synchronous 
detection, 
FM or PM detection, 
broadband fre- 
quency doubling 
and chopping. 


The 
LM 1596 
is specified for operation 
over the 
-55°C 
to +125°C 
military 
temperature range. The 
LM1496 
is specified for operation over the O°C 


to +70°C 
temperature range. 


65 dB typical 
at 0.5 
MHz 


50 dB typical 
at 
10 MHz 


TO'VIEW 
Note: Pin 10 is connected eleclIIally 
to the 
cuethrollghlhedevict$IJbslrltt. 


11'1 


4441'"14) 


Absolute 
Maximum 
Ratings 


Internal 
Power 
Dissipation 
(Note 
1) 
500 
mW 


Applied 
Voltage 
(Note 
2) 
30V 


Differential 
Input 
Signal 
(V7 
- 
Val 
±5.0V 


Differential 
Input 
Signal IV. - Vll 
±(5+lsR.) 
V 


Input 
Signal 
(V2 
- 
V1, 
V3 - 
V4) 
5.0V 


Bias Current 
(15) 
12mA 


Operating 
Temperature 
Range 
LM 1596 
_55°C 
to +12SoC 


LM1496 
oDe to +70°C 


Storage 
Temperature 
Range 
-6SoC to +150°C 


Lead Temperature 
(Soldering, 
10 see) 
300·C 


Electrical 
Cha racteristics 
(T A = 25°C, 
unless 
otherwise 
specified, 
see test 
circuit) 


lM1596 
LM1496 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Carrier 
Feedthrough 
Vc 
- 60 mVrms 
sine wave 
40 
40 
J..lVrms 


fC = 1.0 kHz, 
offset 
adjusted 


Vc 
'" 60 
mVrms 
sine wave 
140 
140 
JjVrms 


le'= 
10 MHz, 
offset 
adjusted 


Vc 
'" 300 
mVpp 
square 
wave 
0.04 
0.2 
0.04 
0.2 
mVrrns 


Ie'" 
1.0 kHz, 
offset 
adjusted 


Vc 
== 300 mVpp square wave 
20 
100 
20 
150 
mVrms 
'e == 1.0 kHz, 
offset 
not adjusted 


Carrier 
Svppression 
fS == 10 kHz, 
300 
mVrms 
50 
65 
50 
65 
dB 


fC = 500 
kHz, 
60 mVrms 
sine wave 


offset 
adjusted 
's = 10 kHz, 
300 
mVrms 
50 
50 
dB 


fc = 10 MHz, 
60 mVrms 
sine wave 


offset 
adjusted 


Transadmittance 
Bandwidth 
RL = 50n 
300 
300 
MH, 


Carrier 
Input 
Port, 
Vc 
= 60 mVrms 
sine wave 


fs = 1.0 kHz, 
300 
mVrms 
sine wave 


Signal Input 
Port, 
Vs = 300 
mVrms 
sine wave 
BO 
BO 
MH, 


V7 - 
Va = 0.5Vdc 


Voltage 
Gain, 
Signal Channel 
Vs = 100 mVrms, 
f = 1.0 kHz 
2.5 
3.5 
2.5 
3.5 
VIV 


V7 - 
Va = 0.5Vdc 


Input 
Resistance, 
Signal 
Port 
f = 5.0 
MHz 
200 
200 
kn 


V7 - 
Va = 0.5 
Vdc 


Input 
Capacitance, 
Signal 
Port 
f = 5.0 
MHz 
2.0 
2.0 
pF 


V7 - 
Va = 0.5 
Vdc 


Single 
Ended 
Output 
Resistance 
1= 
10 MHz 
40 
40 
kn 


Single 
Ended 
Output 
f= 
10MHz 
5.0 
5.0 
pF 


Capacitance 


Input 
Bias Current 
1I1 + 14)/2 
12 
25 
12 
30 
"A 


Input 
Bias Current 
ll7 + lal/2 
12 
25 
12 
30 
"A 


Input 
Offset 
Current 
(11 - 
141 
0.7 
5.0 
0.7 
5.0 
"A 


Input 
Offset 
Current 
(17 - 
la) 
0.7 
5.0 
5.0 
5.0 
"A 


Average 
Temperature 
1-55·C < TA< +125·CI 
2.0 
nAf'C 


Coefficient 
of Input 
(O°C < T A < +70°C 
2.0 
nAf'C 


Offset 
Current 


Output 
Offset 
Current 
(16 - 
191 
14 
50 
14 
60 
"A 


Average 
Temperature 
(-55°C 
< T A < +125°Cl 
90 
nAf'C 


Coefficient 
of Output 
(O°C < T A < +70°C) 
90 
nAf'C 


Offset 
Current 


Signal 
Port 
Common 
Mode 
fs = 1.0 kHz 
5.0 
5.0 
V"" 


Input 
Voltage 
Range 


Signal 
Port Common 
Mode 
V7 - 
Va = 0.5 
Vdc 
-85 
-85 
dB 
Rejection 
Ratio 


Common 
Mode 
Quiescent 
8.0 
8.0 
Vdc 


Output 
Voltage 


Differential 
Output 
Swing 
8.0 
8.0 
V"" 


Capability 


Positive 
Supply 
Current 
(16 + 19) 
2.0 
3.0 
2.0 
3.0 
mA 


Negative 
Supply 
Current 
(110) 
3.0 
4.0 
3.0 
4.0 
mA 


Power 
Dissipation 
33 
33 
mW 


Note 
1: 
LM1596 
rating 
applies 
to 
case 
temperatures 
to 
+125°C; 
derate 
linearly 
at 
6.5 
mW/oC 
for 


ambient 
temperature 
above 
75°C. 
LM1496 
rating 
applies 
to 
case 
temperatures 
to 
+70oC. 


Note 
2: 
Voltage 
applied 
between 
pins 
6-7, 
8-1, 
9-7, 
9-8,7-4,7-1,8-4,6-8,2-5,3-5. 


Typical Performance 
Characteristics 


Carrier Suppression 
ys 
Carrier 
Suppression 
YS 
Carrier 
Feedthrough 
YS 
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Input 
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Frequency 
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Sideband and Signal Port 


Sideband 
Output 
vs 
Transadmittances 
V$ 
Signal-Port 
Frequency 


Carrier Levels 
Frequency 
Response 
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SSB Product Detector 


This figure shows the LM1596 
used as a single sideband (SSB) suppressed carrier demodulator 
(product detector). 
The 


carrier signal is applied to the carrier input port with sufficient 
amplitude for switching operation. 
A carrier input lellel 
of 300 mVrms is optimum. 
The composite SSB signal is applied to the signal input 
port with an amplitude 
of 5.0 to 
500 
mVrms. 
All 
output 
signal components 
except 
the desired demodulated 
audio are filtered 
out, so that an offset 
adjustment 
is not required. This circuit 
may also be used as an AM detector by applying composite and carrier signals 


in the same manner as described for product detector operation. 


lK 


51 


-=- 


e.,coswt 


'OK 
10K 
51 


50K 
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The frequency doubler circuit shown will double low-level signals with low distortion. 
The value of C should be chosen 
for 
t ow reactance at the operati n9 frequency. 


Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching 
differential 
amplifier. 
Levels to 50 mV peak may be used with some distortion 
of the output waveform. If a larger input 
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input. 
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LM180P Phase-Locked Loop FM Stereo Demodulator 


The 
LM1800 
is a second generation 
integrated 
FM stereo demodulator 
using phase locked 
loop 
techniques 
to 
regenerate the 
38 kHz subcarrier. 


The numerous features integrated on the die make 
possible 
a system delivering 
high fidelity 
sound 
while 
still 
meeting the cost requirements 
of inex· 


pensive stereo receivers. More information 
available 
in AN-8l. 


• 
Automatic 
stereo/monaural 
switching 


• 
45 d8 power supply rejection 


• 
No 
coils, 
all 
tuning 
performed 
with 
single 
potentiometer 


• 
Wide operating supply voltage range 


• 
Excellent channel separation 


• 
Emitter follower 
output 
buffers 
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19000 ±10 Hz 


2) 
PIN 6 OPEN 


3) 800mVpp 


COMPOSITE 


Supply Voltage 
Power Dissipation (Note 3) 
Operating Temperature Range 
Operating Supply Voltage Range 
StorageTemperature Range 
Lead Temperature (Soldering, 10 seconds) 


lBV 
715 mW 
O°Cto +70°C 
+10V to +18V 


-6S"C to +lS0°C 
300·C 


Lamp"off" 


100 mA Lamp Current 


%of fo 


dB 
kn 
n 


dB 


dB 


Note 1: 
TA = 25°C and V+ = 12V unless otherwise specified. 


Note 2; 
The stereo input 
signal is made by summing 
123 mVrrns 
LEFT 
or RIGHT 
modulated 
signal with 
25 mVrms of 19 kHz 
pilot 
tone, measuring all voltages with an average responding meter calibrated 
in rms. The resulting waveform 
is about 800 mVp-p. 


Note 3: 
For operation 
in ambient 
temperatures 
above 2SoC, the device must be derated based on a lscf C maximum 
junction 


temperature 
and a thermal resistance of 17SoC/W junction 
to ambient. 


Note 4; 
Measured with 
a stereo composite 
signal consistency of 80% stereo, 10% pilot 
and 10% SCA as defined in the FCC Rules 
on Broadcasting. 


Note 5: veo "OFF" 
curve represents the distortion 
attainable 
using good 19 kHz and 38 kHz filters. 


Pilot Level for Lamp "ON" 


Pilot Level for Lamp "OFF" 


100 Hz (Note 21 
1000 Hz (Note 21 
10000 Hz (Note 21 


200 mVrms. 1000 Hz Input 


200 mVrms, 400 Hz Input 


SOOmVrms, 1000 Hz Input 


SODmVrms, 1000 Hz Input, 1800A Only 
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LM1818 Electronically Switched Audio Tape System 


The LM1818 
is a linear integrated circuit 
containing 
all 


of 
the active electronics 
necessary for 
building 
a tape 
recorder deck (excluding 
the bias oscillator). 
The elec- 
tronic 
functions 
on the chip include: a microphone and 
playback 
preamplifier, 
record and playback 
amplifiers, 
a meter driving 
circuit, 
and an automatic 
input 
level 


control 
circuit. 
The Ie features complete internal elec- 
tronic switching between the record and playback modes 
of 
operation. 
The 
multipole 
switch 
used in previous 


systems to switch 
between record and playback modes 
is replaced by a single pole switch, thereby allowing for 
more flexibility 
and reliability 
in the recorder design" 


*Monaural 
operation, Figure 9. 


• 
Electronic record/play 
switching 


• 
85 dB power supply rejection 


• 
Motional 
peak level meter circuitry 


• 
Low noise preamplifier 
circuitry 


• 
3.5V to 18V supply operation 


• 
Provision for external low noise input transistor 


Order Number 
LM1818N 
See NS Package 
N20A 
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Storage Temperature 
Operating Temperature 
Junction 
Temperature 


Minimum 
Voltage on Any Pin 


Maximum 
Voltage on Pins 2 and 5 


Maximum 
Current Out of Pin 14 


Lead Temperature 
(Soldering, 
10 seconds) 


-65°C 
to +150°C 


O°C to +70°C 


150°C 


-0.1 
VDC 


0.1 VDC 


5mADC 
300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 


Operating Supply Voltage Range 
3.5 


Supply Current 
Test Circuit 
(Figure 2) 
5 


Turn·ON 
Time 
Externally 
Programmable 
50 
400 


Playback Signal to Noise 
DIN Eq. (3180 and 120 I.Is), 20-20 
kHz, 
74 


Rs = 0, Unweighted, 
VREF = 1 mV at 


400 Hz 


Record Signal to Noise 
Flat Gain, 20-20 
kHz, Rs = 0, ALC OFF, 
69 


VREF = 1 mV at 1 kHz, Unweighted 


Fast Turn·ON 
Charging Current 
Pins 16 and 17 
200 


Record and Playback Preamplifier 
f=100Hz 
100 


Open Loop Voltage Gain 


Preamplifiers' 
Input 
Impedance 
50 


Preamplifiers' 
Input 
Referred PSRR 
1 kHz-Fiat 
Gain 
85 


Bias Voltage on Pin 18 in Play Mode 
0.5 


or Pin 15 in Record Mode 


Monitor 
Amplifier 
Input Bias 
Pins 11 and 12 
0.5 


Current 


Monitor 
Amplifier 
Open Loop 
Record or Playback, f = 100 Hz 
80 


Voltage Gain 


Monitor 
Outputs Current Capability 
Pins 9 and 10, Source Current Available 
400 
750 


Monitor 
Amplifier's 
Output 
Swing 
RL = 10k, AC Load 
1.2 
1.65 


THD, 
All Amplifiers 
At 1 kHz, 40 dB Closed Loop Gain 
0.05 


Record·Playback 
Switching 
Time 
As in Test Circuit 
50 


Input ALC Range 
AVIN 
for AVOUT 
= 8 dB 
40 


Input Voltage on ALC Pin for 
25 


Start of ALC Action 


ALC Input 
Impedance 
2 


ALC Attack 
Time 
C13=10I.lF 
7 


ALC Decay Time 
R17 = 00, C13 = l0I.lF 
30 


Meter Output 
Gain 
100 mVrms at 1 kHz into Pin 4 
800 


Meter Output 
Current Capability 
2 


MAX 
UNITS 


18 
VDC 


12 
mA 


ms 


dB 


dB 


jJ.A 


dB 


kl1 
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dB 
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dB 
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ms 
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10-116 


There 
are 2 identical 
preamplifiers 
with 
1 common 


output 
pin on the 
IC. One amplifies 
low level inputs 
such as a microphone 
in the record mode and another 
amplifies 
the 
signal from 
the 
playback 
head in 
the 
playback mode. The amplifiers use a common capacitor, 
C6, to 
set the low frequency 
pole of the closed loop 


responses. On the playback 
amplifier, 
the collector 
of 
the input device is made available so that an external low 
noise device can be connected 
in critical 
applications. 
When using an external low noise transistor, pins 17 and 
1B of 
the 
IC are shorted 
together 
to ensure that the 
internal 
input transistor 
is turned OFF and the external 
transistor's 
collector 
is tied 
to pin 19. The input 
and 
feedback 
connections 
are now 
made to 
the external 
input 
transistor. 
The amplifiers 
are stable for 
all gains 
above 5 and have a typical 
open loop gain of 100 dB. 


RB and R9 enable C6 to be quickly 
charged and set the 
DC gain. Internal biasing provides a DC voltage indepen· 
dent of temperature 
at pin 17 so that the preamplifier 
DC output 
will 
remain relatively constant with tempera- 
ture. 
Supply 
decoupling 
is 
provided 
by 
an internal 


regulator. 
Additional 
decoupling 
can be added for 
the 
input 
stages by increasing the size of the capacitor on 
pin 20 of the IC. A fast charging circuit is connected to 
the preamplifiers' 
input 
capacitors 
(pins 16 and 17) to 
decrease the 
turn-ON 
time. 
Larger 
input 
capacitors 
decrease the noise by reducing the source impedance at 
lower frequencies where 1/f noise current 
produces an 
input 
noise voltage. The 
input 
resistance of 
the pre- 
amplifiers is typically 
50 klt. 


The monitor 
and record amplifiers 
share common input 
and 
feedback 
connections 
but 
have separate outputs. 
During 
playback, 
the 
input 
signal 
is amplified 
and 


appears only 
at the playback 
monitor 
output. 
Because 


19 


"V 


so, 


11 
+ 


18 


O.5VDC 


R2 


+ 
T" 


1.2V 


'Ok 
" 


the outputs 
are separate, different 
feedback components 


can be used and, as a result, totally 
different 
responses 


can be set. The amplifiers 
are stable for all closed loop 
gains above 3 and have an open loop gain of typically 
BOdB. The outputs are capable of supplying a minimum 
of 400 J.1Ainto 
a load and swing within 
500 mV of 
either VCC or ground. If more than 400 J.1Ais needed to 
drive a load, an external pull-up resistor on the output 
of 
these amplifiers can increase the load driving capability. 


The automatic 
level control 
provides a constant output 
level for 
a wide 
range of 
record 
source input 
levels. 


The ALC works on the varying impedance characteristic 
of a saturated transistor. The impedance of the saturated 
transistor 
forms a voltage divider with the source imped- 
ance of 
a series resistor (R 1 in Figure 
9). The input 
signal is decreased as the ALC transistor 
is increasingly 


forward 
biased. The 
ALC 
transistor 
will 
be forward 
biased when 
the 
preamplifier's 
AC 
output 
(pin 
14), 


coupled 
to 
the 
combination 
ALC·meter 
drive 
input 
(pin 4) reaches 40 mV peak (25 mVrms). 
The gain of 
the ALC loop is such that a preamp input signal increase 
of 10 dB will 
result in a 2 dB increase on the AC output 
of the preamplifier. 
If greater than 25 mVrms is desired 
at the output 
of 
the preamp, 
a series resistor can be 


added between the preamp output 
coupling 
capacitor 


and the ALC input 
(pin 4). The input impedance of the 


ALC 
circuit 
is 2 klt; 
therefore, 
if a 2 klt 
series resistor 
is added, ALC action will begin at 50 mVrms. 


The ALC memory capacitor connected to pin 6 has the 
additional 
function 
of 
amplifier 
anti-pop 
control; 
for 


this reason, it is necessary that a capacitor be connected 
to pin 6 even if ALC is not used. 


VDC 
= 
(1 + ::) 
(0.5 - 
50 x 10-6R21V 
if R2 + R3 > 10 RE 


R8R9 
where RE = 
R8 + A9 


R3 


1 + SC5R3 


R2 


The meter drive output 
(pin 8) is capable of supplying 


1-2 
mA at a filtered DC voltage that is typically equal 


to 10 times the RMS value of the signal applied to the 
ALC-meter 
drive input 
pin (pin 4). The 
RC network 
connected 
to pin 7 of the IC determines 
the memory 


constant 
of the 
meter 
circuit. 
It is therefore 
possible 


to store the peak input signal by giving this RC network 
a long time constant, 
or read the instantaneous 
signal 


level by giving this RC network a very short time con- 
stant 
(i.e., 
no capacitor). 
This 
memory 
capacitor 
is 


discharged 
within 
the 
integrated 
circuit at a discharge 


rate related to the DC level on the meter output 
pin. 
When 
the 
meter 
output 
pin 
is between 
0 VDC and 


0.7 VDC there is a 50 pA discharge current; when the 


R15 
Record gain = 1 + 
R14 


R16 
Playback 
gain = 1 + R14 


+ 
J"'" 


pin 
is between 
0.7V 
and 
1.1V there 
is no 
internal 
discharge 
current; 
and when the voltage on pin 8 is 


greater 
than 
1.1V there 
is a discharge equivalent 
to a 


3.3k 
resistor across the 
memory 
capacitor. 
These dif- 


ferent discharge rates allow the meter circuit to display 
fast, 
accurate 
responses 
on the lower portion 
of the 


meter display, slow responses in the higher portion 
of 


the meter display, and rapid discharge when the voltage 
is above the maximum 
reading the meter can display. 


The resistor 
in series with the meter can be adjusted 


such that the previously mentioned 
responses coincide 


with the proper points (0 VU and +3 VU) on the meter 
scale. 


The capacitor on pin 3 is used in a time delay system in 
conjunction 
with 
C13, the ALC capacitor, 
to suppress 


pops 
when 
switching 
between 
record 
and playback. 


Figure 
8 illustrates how this is done. The output 
ampli- 


fier, 
either 
record 
or 
playback, 
is shut 
off 
prior 
to 


switching 
and carefully 
rebiased after 
switching 
takes 


place. 
It 
is therefore 
required 
that 
a proper 
ratio 
is 


selected between the A LC capacitor and the logic input 
RC time constant. The ALC capacitor must be discharged 
to 0.7V within the time it takes the logic input capacitor 
to: 
1) charge from 
VCC/2 
to 0.7 VCC when switching 


from 
record to playback, 
or 2) discharge from 
VCC/2 


to 
0.3 VCC when switching 
from 
playback 
to record. 
These times would 
normally 
be similar; 
however, the 


ALC capacitor can be charged to a different 
initial value 


depending upon the input to the ALC circuit. The maxi- 
mum value to 
which 
the ALC 
memory capacitor 
will 


normally 
charge is 3.2V, therefore, the maximum 
time 


allowed for discharging C13 is given by: 


(3.2V - 0.7V) 


350IJ.A 


R13 should be kept to a value lessthan 50 kn to insure 
that 
bias current existing from pin 3 does not cause an 
offset voltage above 200 mV. Typically 
this bias current 


is lessthan 31J.A. 


(C13 x l>V) 


11 


C13 x 7.2 x 104 


When the voltage on pin 
3 of 
the 
IC is greater than 


0.5 VCC, the internal 
record-playback 
switch switches 


into 
the playback 
mode. During 
playback 
the record 
preamplifier 
remains partially 
biased but the input signal 
to 
this 
preamp 
does not 
appear at 
the preamplifier 


output. 
In 
addition, 
during 
the 
playback 
mode, the 


record monitor 
output 
(pin g) is disabled and the ALC 


circuit 
operates to minimize 
the signal into 
the record 


preamp input. 
The meter circuit 
is operational 
in the 


playback as well as the record mode. Similarly, 
during 


the record mode, the playback preamp input is ignored 
and the playback monitor 
output 
is disabled. In addi- 


tion, 
a pin is available to hold one side of the record 


head at ground 
potential 
while 
sinking up to 500 IJ.A 
of AC bias and record current. 


It it now necessary to determine the minimum value for 
the RIP logic capacitor. This is done by computing 
the 
time 
between the 2 voltage switching 
points using the 


exponential equations for a single RC network. 


[ 
VCC 
] 
t2= 
R13C111n 
--- 
- 
0.3 VCC 


R13C11In[~]= 
0.51 R13C11 
0.5 VCC 


+ e13 
Ale 
TeAP 
t1 


R13C11 >-- 
0.51 


(72 ms) 


0.15 
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PIN9 


External 
Components 


(Refer to Figure 9, Monaural Application 
Circuit) 


EXTERNAL 
COMPONENT FUNCTION 
NORMAL 
RANGE 


COMPONENT 
OF VALUE 


Rl 
Used in conjunction 
with varying impedance of pin 5, forming a resistor divider 
500 Q-20 
kQ 


network to reduce input level in automatic level control circuit 


C2 
Forms a noise reduction system by varying bandwidth asa function of the 
0.01 j.1F-0.5 j.1F 
changing impedance on pin 5. With a small input signal, the bandwidth is 
reduced by R1 and C2. As the input level increases,so does the bandwidth. 


Cl, C3 
Coupling capacitors. Becausethese are part of the source impedance, it is 
0.5j.1F-l0j.1F 
important to use the larger values to keep low frequency source impedance 
at a minimum. 


C4 
Radio frequency interference roll·off capacitor 
100 pF-300 
pF 


R2 
Playback response equalization. C5 and R3 form a pole in the amplifier response 
50Q-200Q 


R3 
at 50 Hz. C5 and R4 form a zero in the responseat 1.3 kHz for 120 j.1S equalization 
47 kQ-3.3 
MQ 
R4 
and 2.3 kHz for 70 j.1S equalization. 
2 kQ-200 
kQ 
C5 


R5 
Microphone preamplifier gain equalization 
50 Q-200 
Q 
R6 
5 kQ-200 
kQ 


R7 
DC feedback path. Provides a low impedance path to the negative input 
0-2kQ 
RB 
in order to sink the 50 j.1Anegative input amplifier current. C6, R9, 
200Q-5 
kQ 
R9 
R7 and C7 provide isolation from the output so that adequate gain can be 
1 kQ-·30 H2 
C6 
obtained at 20 Hz. This 2-pole technique also provides fast turn·ON settling time. 
200 j.1F-lOOO IlF 


C7 
0-100 
j.1F 


CB 
Preamplifier 
output 
to monitor 
amplifier 
input 
coupling 
0.05 j.1F-l 
IlF 


C9 
ALC coupling capacitor. Note that ALC input impedance is 2 kQ 
0.1 j.1F-5IlF 


Rl0 
These components 
bias the monitor 
amplifier 
output 
to half 
supply 
since 
the 
10 kQ-100 
kQ 
Rl1 
amplifier 
is unity 
gain at DC. This 
allows 
for 
maximum 
output 
swing 
on a varying 
10 kQ-100 
kQ 
R12 
supply. 
10 kQ-100 
kQ 
Cl0 
1j.1F-l00j.1F 


Cll 
Exponentially 
falling 
or rising 
signal 
on pin 3 determines 
sequencing, 
time 
delay, 
0-10j.1F 


R13 
and operational 
mode 
of the record/play 
anti-pop 
circuitry_ 
See anti-pop 
diagram. 
0-50 
kQ 


R14 
R16, R14 and C12 determine monitor amplifier response in the play mode. 
lk-100k 


R15 
R15, R14 and C12 determine monitor amplifier response in the record mode. 
30 kQ-3 
MQ 


R16 
30 kQ-3 
MQ 
C12 
0.1 j.1F-20j.1F 


C13 
Determines 
decay 
response 
on ALC 
characteristic 
and reduces 
amplifier 
pop 
5 j.1F-20j.1F 


R17 
100k-~ 


C14 
Determines 
time 
constant 
of meter 
driving 
circuitry 
01 j.1F-l0IlF 


R1B 
100k-~ 


R19 
Meter 
sensitivity 
adjust 
10 kQ-l00 
kQ 


C15 
Record output DC blocking capacitor 
1 j.1F-10j.1F 


C16 
Play output DC blocking capacitor 
0.1 j.1F-lOj.1F 


Cll 
Changes record 
output 
response 
to approximate 
a constant 
current 
output 
in 
500 pF-O.lIlF 
R21 
conjunction 
with 
record 
head impedance 
resulting 
in proper 
recording 
5 kQ-l00 
kQ 


R22 
equalization 
5 kQ-l00 
kQ 


C1B 
Preamplifier supply decoupling capacitor. Note 
that 
large value 
capacitor 
0.1IlF-500j.1F 
will 
increase 
turn-ON 
time 


C19 
Supply decoupling capacitor 
100 j.1F-lOOO j.1F 


C20 
Decouples bias oscillator supply 
10 j.1F-500 IlF 


R23 
Allows bias level adjustment 
0-1 
kQ 


R24 
Adjusts 
DC erase current 
in DC erase machines 
(for 
AC erase, "Stereo 


Application 
Hook·up") 


Ll 
Optional bias trap 
1 mH-30 
mH 


C21 
100 pF-2000 
pF 


C22 
Bias Roll-Off 
0.001 j.1F-O.Ol j.1F 


Hl 
Record/play head 
10011-500 
Q; 70 mH- 


300 mH 


H2 
Erasehead (DC type, AC optional) 
10 Q-300 n 


co 


JOOPFT 


TOKO 
BIAS 
OSCILLATOR 
BLOCK 


NO. 
721BOR-1D16N 
USES 
OSCillATOR 
COIL NO. 115VS-l03JTM 


f~ 
35 kHz 


C19 
r 
lDOIJF 


011 


~ 
3M 


10 


-10 


~ -20 
;;e 


-3D 


·-40 


-so 
~ -60 


-70 


-80 


-10i 


-10 


-3D 


-40 
- 


-SO 
~ -60 


-70 


-80 


LMUS~( LOWNOIse preamplifier for Autoreversing Tape 
Playback Systems 


The 
LM1837 
is 
a 
dual 
autoreversing 
high 
gain 
tape 


preamplifier 
for applications 
requiring 
optimum 
noise per- 
formance. 
It has forward 
(left, right) and reverse (left, right) 


inputs 
which 
are selectable 
through 
a high 
impedance 
logic 
pin. It is an ideal choice 
for a tape playback 
amplifier 


when 
a combination 
of 
low 
noise, 
autoreversing, 
good 


power 
supply 
rejection, 
and 
no power-up 
transients 
are 


desired. 
The 
application 
also 
provides 
transient-free 


muting 
with 
a single 
pole grounding 
switch. 


• 
Programmable 
turn-on 
delay 


• 
Transient-free 
power-up 
- no pops 


• 
Transient-free 
muting 


• 
Low 
noise 
- 0.6 p.V CCIRIARM 
in a DIN circuit 
refer- 


enced 
to gain at 1 kHz 


• 
Low voltage 
battery 
operation 
- 4V 


• 
Wide 
gain 
bandwidth 
due to broadband 
two 
amplifier 


approach 
- 76 dB 
@ 20 kHz 


• 
High 
power 
supply 
rejection 
- 95 dB 


• 
Low distortion 
- 0.03% 


• 
Fast slew 
rate - 6VIp.s 


• 
Short 
circuit 
protection 


• 
Internal 
diodes 
for diode 
switching 
applications 


• 
Low cost 
external 
parts 


• 
Excellent 
low frequency 
response 


• 
Prevents 
"click" 
from 
being recorded 
onto the tape dur- 


ing power supply 
cycling 
in tape playback 
applications 


• 
High impedance 
logic pin forforwardlreverseswitching 


C2 
10,vF 
3. 


~ 


Cl 
O.OO22,vF". 


.3 
1.5 MO 
5" 


16 
15 


'=' 
O.OO22J.lF 
.7 
10k 
5" 
270k 
270k 


lOGIC 
-'W'Y-!-'W'Y- 


FORWARD::sO.5V 
+ 3. 


REVERSE;oo:2.2V 
10k 
~'OI'F 
56k 
1.5M 
10PTIONAl 
MUTE 


5" 
5" 


1.2M 


Supply 
Voltage 


Voltage 
on Pins 1 and 18 


Package 
Dissipation 
(Note 1) 


Storage 
Temperature 


Operating 
Supply 
Voltage 
Range 


Supply 
Current 


Total 
Harmonic 
Distortion 


THD + Noise 
(Note 2) 


Power 
Supply 
Rejection 


Channel 
Separation 
(Note 
3) 


Left to Right 


Forward 
to Reverse 


Signal-to-Noise 
(Note 4) 


Noise 


Input 
Ampliliers 


Input 
Bias Current 


Input 
Impedance 


AC Gain 


AC Gain 
Imbalance 


DC Output 
Voltage 


DC Output 
Voltage 
Mismatch 


Output 
Source 
Current 


Output 
Sink Current 


Logic 
Level 


Forward 
Reverse 


Logic 
Pin Current 


DC Voltage 
Change 
at 
Pins 5 and 14 


Output 
Ampliliers 


Closed 
Loop Gain 


Open 
Loop Voltage 
Gain 


Gain 
Bandwidth 
Product 


Slew 
Rate 


Input 
Offset 
Voltage 


Input 
Offset 
Current 


Input 
Bias Current 


Output 
Source 
Current 


Output 
Sink Current 
Output 
Voltage 
Swing 


Output 
Diode 
Leakage 


18V 


18V 


1390mW 


- 65·C to + 150·C 


Operating 
Temperature 


Minimum 
Voltage 
on Any Pin 


Lead Temperature 
(Soldering, 
10 seconds) 


R5 Removed 
Irom 
Circuit 
lor Low Voltage 
Operation 


Vcc=12V 


1=1 
kHz, V1N = 0.3 mY, Pins 2 and 17, Figure 
2 


1=1 
kHz, VOUT = 1V, Pins 2 and 17, Figure 
2 


Input 
ReI. 1=1 
kHz, 1 Vrms 


1=1 
kHz, Output 
= 1 Vrms, Output 
to Output 


Unweighted 
32 Hz-12.74 
kHz (Note 
2) 


CCIR/ARM 
(Note 5) 


A Weighted 


CCIR, Peak (Note 6) 


Output 
Voltage 
CCIR/ARM 
(Note 
5) 


Pins 5 and 14 


Pins 5 and 14 


Pins 5 and 14 


Stable 
Operation 
DC 


Pin 2 or 17 
Pin 2 or 17 


Pin 2 or 17 


Voltage 
on Pins 1 and 18 = 18V 


O·Cto + 70·C 


- 0.1 VDC 
300·C 


0.5 
2.0 


150 


27 
28 
29 
±0.15 
±0.5 
2.1 
2.5 
2.9 
-200 
±30 
200 


2 
10 


300 
600 


0.5 
2.2 


2 
6 


-100 
±20 
100 


Units 


V 


mA 


% 


% 


dB 


dB 


dB 


dB 


dB 


dB 


dB 


dB 


p.V 


p.A 
kO 


dB 


dB 


V 


mV 


mA 
p.A 


V 


V 


p.A 


mV 


VIV 


dB 


MHz 


V/p.s 
mJI 
mV 


nA 


nA 


mA 
p.A 


Vp-p 


p.A 


Note 1: For operation 
in ambient temperatures 
above 25°C, the device must be derated based on a 150°C maximum junction temperature 
and a thermal 


resistance of 90°C/W 
junction to ambient. 


Note 2: Measured with an average responding voltmeter using the fitter circuit in Figure 4. This simple filter is approximately 
equivalent 
to a "brick wall" filter 
with a passband of 20 Hz to 20 kHz (see Application 
Hints). For 1 kHz THO the 400 Hz high pass filter on the distortion analyzer is used. 


Note 3: Channel separation can be measured by applying the input signal through transformers 
to simulate a floating source (see Application 
Hints). Care 
must be taken to shield the coils from extraneous signals. Actual production test techniques at National simulate this floating source with a more complex op 
amp circuit. 


Note 4: The numbers are referred toan output level of 160 mV at pins 2 and 17 using the circuit of Figure 2. This corresponds toan input level of 0.3 mVrms at 333 Hz. 


Note 5: Measured with an average responding voltmeter using the Dolby lab's standard CerA filter having a unity gain reference at 2 kHz. 


Note 6: Measured using the Rhode-Schwarz 
psophometer, model UPGR. 


Typical 
Performance 
Characteristics 


Output 
Amplifier 
Open 
Loop 


Input 
Amplifier 
THO vs 
Input 
Amplifier 
Gain and 
Gain and Phase 
vs 


Input 
Level 
Phase 
vs Frequency 
Frequency 
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INPUT (mVrms) 
FREOUENCY (Hz) 
FREOUENCY (Hz) 


Spot 
Noise 
Voltage 
vs 
Spot 
Noise 
Current 
vs 
Total 
Harmonic 
Distortion 
Frequency 
Frequency 
vs Frequency 
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Turn·On 
Delay vs 
Component 
Values 
and 
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PSRR vs Frequency 
PSRR vs Vcc 
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Forward to Reverse 
Channel Separation vs 
Frequency 
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TOP VIEW 
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Separation vs Frequency 
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Input Amplifier DC Output 
Voltage vs Temperature 
(Pins 5, 14) 
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Set turn·on 
delay 
and second 
ampli- 
fier's low frequency 
pole. Leakage cur- 
rent in C2 results 
in DC offset 
between 
the 
amplifier's 
inputs 
and 
therefore 
this 
current 
should 
be kept 
low. R1 is 
set equal to R2 such that any input off- 
set voltage 
due to bias current 
is effec- 
tively 
cancelled. 
An input 
offset 
volt- 


age 
is generated 
by the 
input 
offset 
current 
multiplied 
by the value of these 
resistors. 


2 kO-40 kO, 500 kO-10 MO 
Sets the DC and low frequency 
gain of 
the output 
amplifier. 
The total input off- 
set voltage 
will 
also 
be multiplied 
by 
the 
DC 
gain 
of 
this 
amplifier. 
It 
is 
therefore 
essential 
to keep the 
input 
offset 
voltage 
specification 
in 
mind 
when 
employing 
high 
DC gain 
in the 


output 
amplifier; 
i.e., 5 mV x 400 = 2V 
offset 
at the output. 


10 kO-200 kll, 0.00047 I'F-0.01I'F 
Set tape playback 
equalization 
charac- 
teristics 
in conjunction 
with 
R3 (cal- 


culations 
for 
the 
component 
values 
are included 
in the Application 
Hints 
section). 


Biases the output 
diode when it is used 
in DC switching 
applications. 
This re- 


sistor 
can be excluded 
if diode switch- 


ing is not desired. 


100 pF-1000 
pF 
Often used to resonate 
with tape head 
in order to compensate 
for tape 
play- 


back 
losses 
including 
tape 
head gap 


and 
eddy 
current. 
For a typical 
cas- 


sette 
tape 
head, 
the 
resonant 
fre- 


quency 
selected 
is usually 
between 


13 kHz and 17 kHz. 


100 kll-10 
M!J 


Increases 
the output 
DC bias voltage 


from the nominal2.5V 
value (see Appli- 
cation 
Hints). 


Optionally 
used for tape 
muting. 
The 


use of this 
resistor 
can 
also 
provide 


"no-pop" 
turn-off 
if desired 
(see Appli- 


cation 
Hints). 


INPUT 100.F 
@+f 


LOGIC 
FORWARD", 0.5V 
REVERSE,. 2.2V 


CIRCUIT OF FIGURE 2 
" 


"- 
I"--- - 


INPUT 
FROM LM1837 
PINS 2 OR 17 


~ 
60 
z 


~ 
50 


30 


20 
50100200 
5001k 
2k 
5k 10k 20k 


FREQUENCY (Hz) 


FIGURE 
3. 
Frequency 
Response 


of Test Circuit 


10.F 


+~ 


3 


16 
10.F 
+ h 


10k 
1m 
1% 


OUTPUT 
~ 


o 


HP334A DISTORTION ANALYZER I 


VOLTMETER 


In order to clearly 
interpret 
and compare 
specifications 
and 
measurements 
for 
low 
noise 
preamplifiers, 
it 
is 
necessary 
to understand 
several basic concepts 
of noise. 
An obvious example 
is the measurement 
of total harmonic 
distortion 
at 
very 
low 
input 
signal 
levels. 
Distortion 


analyzers 
provide 
outputs 
which 
allow 
viewing 
of 
the 
distortion 
products 
on an oscilloscope. 
The oscilloscope 
often 
reveals 
that 
the "distortion" 
being 
measured 
con- 


tains 
1) distortion, 
2) noise, and 3) 50 or 60 cycle AC line 
hum. 


Line hum can be detected 
by using the "line sync" 
on the 
oscilloscope 
(horizontal 
sync selector). The triggering 
of a 
constant 
waveform 
indicates 
that AC line pick-up is pres- 
ent. This is usually the result of electro-magnetic 
coupling 
into the preamplifiers 
input 
or improper 
test equipment 


grounding, 
which 
simply 
must be eliminated 
before mak- 
ing further 
measurements! 


Input coupling 
problems 
can usually 
be corrected 
by any 
one of the following 
solutions: 
1) shielding 
the source of 


the 
magnetic 
field 
(using 
mu 
metal 
or steel), 
2) mag- 


netically 
shielding 
the preamplifier, 
3) physically 
moving 


the preamplifier 
far enough away from the magnetic 
field, 


or 4} using a high pass filter (fo = 200 Hz-1 kHz) at the out- 
put of the 
preamplifier 
to prevent 
any line signal 
from 
entering 
the distortion 
analyzer. 
Ground 
loop 
problems 
can be solved 
by rearranging 
ground 
connections 
of the 
circuit 
and test equipment. 


Separating 
noise 
from 
distortion 
products 
is necessary 
when it is desired to find the actual distortion 
and not the 


signal-to-noise 
ratio 
of an amplifier. 
The distortion 
pro- 


duced 
by the 
LM1837 
is predominantly 
a second 
har- 


monic. 
It is for this reason that the third and higher order 


harmonics 
can 
be filtered 
without 
reSUlting 
in any ap- 


preciable 
error in the measurement. 
The filter also reduces 
the amount 
of noise in the measured 
data. Another 
more 
tedious 
technique 
for measuring 
THD is to use a wave 
analyzer. Each harmonic 
is measured 
and then summed in 
an rms calculation_ 
A typical 
curve is plotted 
for distortion 
vs frequency 
using this method. 
A typical 
curve is also in- 


cluded 
using a 20 Hz to 20 kHz 4th order filter. 


To specify 
the distortion 
of the LM1837 accurately 
and 
also not require unusual or tedious 
measurements 
the fol- 
lowing 
method 
is used. The output 
level is set to 1 Vrms at 
1 kHz (approximately 
5 mV at the input). 
The output 
is 
filtered 
with the circuit 
of Figure 4 to limit the bandwidth 
of 
the 
noise 
and 
measured 
with 
a 
standard 
distortion 


analyzer_ The analyzer 
has a filter 
that 
is switched 
in to 
remove line hum and ground 
loop pick-up as well as unre- 


lated iow frequency 
noise. The resulting 
measurement 
is 
fast and accurate. 


In the measurement 
of the signal-to-noise 
ratio, misinter- 
pretations 
of the numbers 
actually 
measured 
are com- 


mon. One amplifier 
may sound much quieter than another, 
but due to improper 
testing 
techniques, 
they appear equal 


in measurements. 
This is often the case when comparing 


integrated 
circuit 
to discrete 
preamplifier 
designs. 
Dis- 


crete transistor 
preamps 
often 
"run out of gain" 
at high 


frequencies 
and therefore 
have small bandwidths 
to noise 


as indicated 
in Figure 
5. 
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Integrated 
circuits 
have additional 
open loop gain allow- 
ing additional 
feedback 
loop gain 
in order to lower 
har- 


monic 
distortion 
and improve 
frequency 
response_ 
It is 
this 
additional 
bandwidth 
that 
can 
lead 
to 
erroneous 
signal-to-noise 
measurements 
if not considered 
during 
the measurement 
process. 
In the typical 
example 
above, 
the difference 
in bandwidth 
appears 
small on a log scale 


but the factor 
of 10 in bandwidth 
(200 kHz to 2 MHz) can 


result 
in a 10 dB theoretical 
difference 
in the signal-to- 


noise ratio (white noise is proportional 
to the square root 
of the bandwidth 
in a system). 


In comparing 
audio amplifiers 
it is necessary 
to measure 


tha magnitude 
of noise in the audible 
bandwidth 
by using 
a "weighting" 
filter.! 
A "weighting" 
filter 
alters 
the fre- 
quency 
response 
in order to compensate 
for the average 


human 
ear's sensitivity 
to certain 
undesirable 
frequency 
spectra. 
The weighting 
filters 
at the same time provide the 
bandwidth 
limiting 
as 
discussed 
in 
the 
previous 
paragraph. 


The 32 Hz to 12740 Hz filter 
shown 
in Figure 
4 is a simple 


two 
pole, one zero filter, 
approximately 
equivalent 
to a 
"brick 
wall" 
filter of 20 Hz to 20 kHz. This approximation 
is 
absolutely 
valid 
if the noise 
has a flat 
energy 
spectrum 


over the frequencies 
involved. 
In other words 
a measure- 


ment 
of a noise 
source 
with 
constant 
spectral 
density 


through 
either of the two filters 
would 
result 
in the same 
reading. The output 
frequency 
response 
of the two filters 
is shown 
in Figure 
6. 
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Typical 
signal-to-noise 
figures 
are 
listed 
for 
several 
weighting 
filters 
which 
are commonly 
used in the meas- 
urement 
of noise. 
The shape 
of all weighting 
filters 
is 
similar 
with the peak of the curve usually 
occurring 
in the 
3 kHz-7 
kHz region as shown 
in Figure 
7. 
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FIGURE 
7 


In addition 
to noise filtering, 
differing 
meter types give dif- 


ferent 
noise 
readings. 
Meter 
responses 
include: 
1) rms 
reading, 
2) average 
responding, 
3) peak 
reading, 
and 
4) quasi peak reading. Although 
theoretical 
noise analysis 
is derived using true rms (root mean square) based calcu- 
lations, 
most 
actual 
measurement 
is taken 
with 
ARM 


(Average Responding 
Meter) test equipment. 


Unless 
otherwise 
noted 
an average 
responding 
meter 
is 
used for all AC measurements 
in this data sheet. 


The 
LM1837 
IC 
incorporates 
a two 
stage 
broadband 
design which minimizes 
noise, attains 
overall DC stability 
and prevents 
audible 
transients 
during turn-on. 


The first 
stage consists 
of four direct 
coupled 
preampli- 


fiers with internal 
gain of 25VIV (28 dB). Direct coupling 
to 


the tape head reduces 
input source impedance 
and exter- 


nal component 
cost 
by removing 
the input 
coupling 
ca- 


pacitor. 
A typical 
input coupling 
capacitor 
of 1 I'F has a 


reactance 
of 1.5 kO at 100 Hz. The resulting 
noise due to 


the amplifier's 
input noise current can dominate 
the noise 


voltage at the output of the playback 
system. The inputs of 
the amplifiers 
are biased 
from a common 
reference 
volt- 


age that is temperature 
compensated 
to produce a quies- 
cent DC voltage of 2.5V at the output 
of the first stage. The 


input stage bias current 
that flows through 
the tape head 


is kept below 2 I'A in order to prevent any erasure of tape 
moving past the head. An added advantage 
of DC biasing 


is the prevention 
of large current 
transients 
during 
the 


charging 
of coupling 
capacitors 
at turn-on 
and turn-off. 


The outputs 
of the forward 
and reverse preamplifier 
are 


fed to the common 
output 
op amp through 
a logic con- 
trolled 
switch. 


The second 
stage 
provides 
additional 
gain 
and 
proper 


equalization 
while 
preventing 
audible 
turn-on 
tran- 


sients 
or "pops". 
The output 
(pin 2) is kept low until 
C2 


charges 
through 
R1. When the voltage on C2 gets close to 


the DC voltage 
on pin 5, the output 
rises exponentially 
to 


its final 
DC value. The result 
is a transient-free 
turn-on 
characteristic. 


Internal 
diodes 
are provided 
to facilitate 
electronic 
diode 


switching 
popular 
in automotive 
applications. 


The General Test Circuit 
illustrates 
the topography 
of the 


system. 
The 
components 
determining 
the 
overall 
fre- 


quency response 
are external 
due to the extreme 
sensitiv- 


ity when matching 
a DIN equalization 
curve. 


The 
LM1837 
can 
be 
muted 
with 
the 
addition 
of 
two 


resistors 
and a grounding 
switch, 
as shown 
in Figure 
1. 


When the circuit 
is not muted the additional 
resistors 
have 


no effect 
on the AC performance. 
They do have an effect 
on the DC Q point however. 


The difference 
in the DC output 
voltages 
of the input am- 


plifiers 
is applied 
across 
the mute resistors 
(R7) and the 


positive 
input resistors 
(R1). This results 
in an additional 


offset at the input of the output amplifiers. 
To keep this off- 
set to a minimum 
R7 should 
be as large as possible 
to 


achieve effective 
muting. 
Unmute voltage 
is the peak sig- 


nal the preamplifier 
can swing without 
turning 
on the out- 


put amplifier 
under mute conditions: 


[ 
R5/1R3 
Vp1N 5.14 
R2 + R5i/R3 
R7 J 
R1 +R7 


For example: 
The circuit 
in Figure 
1 has 2.5V DC at pins 5 


and 14, so: 


Unmute 
voltage 
= 


[ 
1.2MI/1.5M 
270k 
] 


2.5V 
10k+1.2MI/1.5M 
-10k+270k 
=52.3mV 


It may be necessary 
to slow the transition 
of the logic pin if 
the 
mute 
circuit 
is not 
used. 
The 
forward 
and 
reverse 


preamplifier 
output 
DC voltages 
can differ 
by 
± 100 mV. 
This rapid 
DC charge 
is gained 
up by the output 
amplifier 


and appears 
as a pop. The circuit 
of Figure 
8 will slow the 
DC transition. 


- 
r 
-R4R3] 
(s+R4h) 


Av- 
25 
LR2(R3 + R4) 
Is + 
1 
) 
\ 
(R3+ 
R4)C1 


Standard 
cassette 
tapes 
require 
equalization 
of 3180 p'S 


(50 Hz) and 120 P.s(1.3 kHz). These time constants 
result 
in 


an AC gain at 1 kHz given 
by: 


( 


-R4R3) 
{3180p.sor50Hz} 
Av(1 kHz) = 25 
R2(R3 + R4) 1.663 
and 
(2) 
120 P.sor 1326 Hz 


Using 
the pole and zero locations 
of the transfer 
function, 


the two 
other 
equations 
needed 
to solve 
for the compo- 


nent values 
are: 


1 
R4= 
211'C1(1326 
Hz) 


1 
R3= 
211'C1(50Hz) 
1 
211'C1(1326 
Hz) 
1 
211'C1 (51.96) 
(4) 


We can now solve 
for C1 as a function 
of R2, or: 
I 


[211'C1;1326)] 
[211'C1(~1.96J ) 
(5) 


Ay(1 kHz) = - 25 
fI 
1 
1 
(1.663) 


L 
R2 
211'C1(50lj 


C1 = - 4.80 X 10-3 
(6) 
R2[Av (1 kHz)] 


When 
chromium 
dioxide 
tape 
is used, 
the 
defined 
time 
constants 
are 3180 p'Sand 70 p.s.This changes 
equation 
(3) 
to: 


1 
R4 = 211'C1(2274 
Hz) 


The value of R3 is normally 
not changed. 
This results 
in an 
error of less than 
0.2 dB in the low frequency 
response. 


The 
output 
voltage 
of 
the 
LM1837 
is set 
by the 
input 
amplifier 
DC voltage 
at pin 5 or 14, and by R3 and R5. 


Nominal 
VouT(pin20r17) 
= 2.5(1 
+ ~ 
) 
(8) 


Pins 1 and 18 are biased 
0.7V less than 
VOUT(pin 2 or 17). 
When these diodes 
are used the output 
(pin 2 or 17) should 
be 
biased 
at 
one 
half 
the 
minimum 
operating 
supply 
voltage. 
Equation 
(8) can be rewritten 
to solve 
for R5. 


R5= 
2.5 R3 
Vo-2.5 


The output 
voltage 
of the LM1837 will vary from 
that given 
in equation 
(8) due to variations 
in the input 
amplifier 
DC 
voltage 
as well as the output 
amplifier 
input 
bias current, 


input offset 
current 
and input offset 
voltage. 
The following 


equation 
gives the worst-case 
variation 
in the output 
volt- 
age in either 
forward 
or reverse 
state. 


dVOUT= 
± [dVPIN3 
(1 +~) 


1¥(R1 
+ R2)+ VOs)] 


R3 ( 
+ R2 
dIBIAs(R1 - R2) + 


Using 
the worst-case 
values 
in the electrical 
characteris- 
tics 
reduces 
this 
to 


dVOUT=± 
[0.4 
(1+~) 
+~ 
(200nA(R1-R2)+ 


50 nA (R1 + R2) + 5 mv)] 
(11) 


Equation 
10 does 
not 
incorporate 
the 
effect 
of 
mute 
resistors 
on 
the 
output 
voltage. 
The 
presence 
of 
mute 
resistors 
causes 
an additional 
offset 


d V (pins 5-14) 


dVOUT(mute)=± 
2(R1+R7) 
xR1 


Forthe 
circuit 
in Figure 
1worst-case: 


dVOUT(mute) 
= 2(2~~0+~iOk) 
x 1.5M = 1V 


This means that the output 
pins2 
and 17 would 
differ 
by 1V. 


The trade 
off here is the amount 
of unmute 
voltage 
versus 
the DC accuracy 
of pins 2 and 17. 


The turn-on 
delay is set by R1 and C2; delay can be approxi- 


mated 
by: 


Delay timet 
= R1C2£n 
(~)(~) 


VoDe 
R2 


If we desire 
a tape preamp 
with 100 mV output 
signal 
from 


a tape 
head with 
a nominal 
output 
of 0.5 mV at 1 kHz for 


standard 
ferric 
cassette 
tape, 
the 
external 
components 


are determined 
as follows. 
The value of R2 is arbitrarily 
set 


to 10 kO. 


R1 = R2=10k 


This 
minimizes 
errors 
due 
to 
the 
output 
amplifier 
bias 
currents. 


C1= 
-4.80x1Q-3 
=2400pF-0.0022I'F 


10 kO 
[- 
100 mVJ 


L 0.5 mV J 


Use 0.00221'F 
and determine: 


1 
R4 = 2•.C1(1326} = 54.6 kO-54.9 
k01% 


1 
R3 = 2•.C1(51.96) -1.39 
MO-1.4 
M01% 


To bias 
the 
output 
amplifier 
output 
voltage 
at 6V (half 


supply): 


2.5{1.4 MO) 


R5 = 
6 _ 2.5 
- 1 MO 


The 
maximum 
variation 
in the 
output 
voltage 
is found 


using 
equation 
(11): 


t.VOUT= 
±1.9V 


The low frequency 
response 
and turn-on 
delay 
determine 


the 
value 
of 
C2. 
For 
R1 = 10k and 
C2 = 10 I'F 
the 
low 
frequency 
3 dB point 
is 1.6 Hz and 
the 
turn-on 
delay 
is 


0.4 seconds, 
from 
equation 
(12). 


The complete 
circuit 
is shown 
in Figure 
2. A circuit 
with 


5% components 
and biased 
for a minimum 
supply 
of 10V 


is shown 
in Figure 
1. If additional 
gain is needed 
R1 and R2 


can be reduced 
without 
changing 
the frequency 
response 


of the circuit. 


The 
LM1837 
has a diode 
in series 
with 
each 
output 
for 


source 
switching 
applications. 
The 
outputs 
of 
several 


functional 
blocks 
can be diode OR-connected 
as shown 
in 


Figure 
9. 


By removing 
the power 
supply 
from 
the FM demodulator, 


its output 
diode 
will 
be cut off by the LM1837 output 
DC 


voltage. 
R6 is used 
to bias 
ON the diode 
of the 
LM1837 


when 
power 
is applied 
to it. When the output 
is taken from 


pin 1 or pin 18, the THD will 
be higher 
because 
of the cur- 


rent modulation 
in the diode. 


When two signal 
sources 
share a common 
reference 
point 
which 
is separated 
from 
ground 
by a resistance, 
there will 
always 
be some amount 
of interchannel 
crosstalk 
(the re- 
ciprocal 
of 
channel 
separation) 
induced. 
The 
coupling 


method 
of Figure 
1 is examined 
to determine 
whether 
the 


induced 
crosstalk 
is acceptably 
low. 


Figure 
10 is the equivaient 
AC circuit 
for the connection 
scheme 
of Figure 
1. Rs is the Thevenin 
resistance 
of the 
common 
bias 
point, 
R1N is 
the 
preamplifier 
input 


resistance, 
Zs is the impedance 
of the playback 
head, and 


VS7> VSB' VS1h and VS12are 
the open-circuit 
output 
voltages 


of the sources. 
If we set VSB' VS11' and VS12 equai 
to zero, 


we can define 
crosstalk 
for this 
circuit 
as V121V7, where 


V7 and V12 are the AC signal 
voltages 
appearing 
at the two 


preamplifier 
inputs, 
assuming 
Rs < < R1N/3. 


V12 
Rs 


V7 
Rs + Zs + RIN/3 


Since Zs is dependent 
on the measurement 
frequency 
and 


the particular 
head used, we choose 
the worst-case 
condi- 


tion and setZs 
= O.The minimum 
valueof 
R1Nis 150 kO, and 


Rs = 1000. This yields 
a crosstalk 
figure 
of: 


~ 
= --.!QQ.... = - 54 dB 
V7 
50100 


This is 14 dB better 
than the minimum 
guaranteed 
channel 


separation, 
so the connection 
method 
of Figure 
1 will pro- 
vide acceptable 
crosstalk 
levels. 


Reference 
1: CCIR/ARM: 
A Practical 
Noise 
Measurement 


Method; 
by 
Ray 
Dolby, 
David 
Robinson 
and 
Kenneth 


Gundry, 
AES Preprint 
No. 1353 (F-3). 


FIGURE 
10. AC Equivalent 
of Figure 
1 
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LM1865/LM1965 Advanced FM IF System 


Reduced 
external 
component 
cost, 
improved 
perform- 
ance, 
and additional 
functions 
are key features 
to the 


LM1865/LM1965 
FM IF system. The LM1865 is designed 
for 


use in electronically 
tuned radio applications. 
This version 


contains 
both deviation 
and signal 
level stop circuitry 
in 


addition 
to an open-collector 
stop output. 
The LM1965 is 


designed 
for use in manually 
tuned radios and provides 
a 


deviation 
and signal 
level mute function 
in addition 
to a 


pin that disables 
the mute function 
when grounded. 


• 
On-chip 
buffer 
to 
provide 
gain 
and 
terminate 
two 


ceramic 
filters 


• 
Low distortion 
0.1% typical 
with a single tuned quadra- 


ture coil 


• 
Broad off frequency 
distortion 
characteristic 


WIDEBAND~ 
AGe IN 
I 
I 
I 
I 
I 
L __ 


• 
Low THD at minimum 
AFT offset 


• 
Meter output 
proportional 
to signal 
level 


• 
Mute 
function 
with 
mute 
disable 
and 
soft 
deviation 


mute for LM1965 


• 
Stop detector 
with open-collector 
output 
for LM1865 


• 
Adjustable 
signal 
level mute/stop 
threshold, 
controlled 


either 
by ultrasonic 
noise in the recovered 
audio or by 


the meter output 


• 
Adjustable 
deviation 
mute/stop 
threshold 


• 
Separate 
time constants 
for signal 
level and deviation 


mute/stop 


• 
Dual threshold 
AGC eliminates 
need for local/distance 


switch 
and offers 
improved 
immunity 
from third 
order 


intermodulation 
products 
due to tuner overload 


• 
User control 
of both AGC thresholds 


• 
Excellent 
signal to noise ratio, AM rejection 
and system 


limiting 
sensitivity 


AFT OUT AND 
DEVIATION 
MUTE/STOP 


WINDOW 
ADJUST 


AGe 
METER 
OUT 
OUT 
18- 
B- 


I 
~~~:;s~~pEl 
MUTE/STOP 
MurE DISABLE(lM1965) 
I 


THRESHOLD ADJUST 
FILTER 
STO~~ 
{~8~ 
_ 
...J 
13 --- 
- 
12-----16 


NARROW 
BAND 


THRESHOLD 


ADJUST 


Package 
Dissipation 
(Note 1) 


Storage 
Temperature 
Range 


Operating 
Temperature 
Range 


Max Voltage 
on Pin 16 (Stop Output) 
for LM1865 


Lead Temperature 
(Soldering, 
10 seconds) 


1.7W 


- 55·C to + 150·C 


O·Cto + 70·C 


16V 


300·C 


Electrical Characteristics 
Test Circuit, 
TA = 25·C, V + = 12V; S1 in position 
2; S2 in position 
1; and S3 in position 
2 


unless 
indicated 
otherwise 


STATIC CHARACTERISTICS 


Supply 
Current 


Pin 9, Regulator 
Voltage 


Operating 
Voltage 
Range 
(See Note 2) 


Pin 18, Output 
Leakage 
Current 
Pin 20 Open, VIF = 0, S3 in Position 
1 


Pin 16, Stop 
Low Output 
Voltage 
(LM1865 
Only) 
S1 in Position 
1, S2 in Position 
3 


Pin 16, Stop 
High Output 
Leakage 
Current 
S2 in Position 
2, V14 = V9 


(LM1865 
Only) 


Pin 15, Audio 
Output 
Resistance 


'MOO= 400 Hz, '0=10.7 
MHz, DEVIATION 
= ± 75 kHz 


IF Only (See Note 3) 


V1N Pin 1 = 10 mVrms 
at 10.7 MHz 


VIF= 
10 mVrms, 
V14 = V9 


V1F = 10 mVrms, 
V14 = V9 (See Note 4) 


V14=V9 


VIF = 1 mY, 30% AM Mod 


VIF = 10 mY, 30% AM Mod 


V1F= 
10 mV 


V1F = 10 mY, Tune until 
V14 = V9 


Pin 1, Buffer 
Input 
Resistance 


Pin 3, Buffer 
Output 
Resistance 


Pin 20, Wide 
Band 
Input 
Resistance 


Pin 8, Meter 
Output 
Resistance 


DYNAMIC 
CHARACTERISTICS 


- 3 dB Limiting 
Sensitivity 


Buffer 
Voltage 
Gain 


Recovered 
Audio 


Signal-to-Noise 


AM Rejection 


THD at Frequency 
where 
V14 = V9 


(Zero AFT Offset) 


THD ± 10 kHz from 
Frequency 
where 
V14 = V9 


AFT Offset 
Frequency 
for Deviation 
Mute 


(LM1965 
Only) 


AFT Offset 
Frequency 
for Low Stop Output 
at 
Pin 16 (LM1865 
Only) 


Measured 
at DC 


Measured 
at DC 


Measured 
at DC 


V1F= 
10 mV 


VIF = 10 mY, Audio 
= - 3 dB, S2 in Position 
4 


Offset 
= (Frequency 
for 
- 3 dB Audio)- 


(Frequency 
where 
V14 = V9) 


V1F= 
10 mY, S2 in Position 
3, fMOD=O 
Offset 
= (Frequency 
for Pin 16 Low)- 


(Frequency 
where 
V14 = V9) 


V14 = V9, S1 in Position 
3 (See Note 5) 


V1F=10mV 


fMOD=80 
kHz 
S2 in Position 
4 (LM1965) 


S2 in Position 
3 (LM1865) 


Amount 
of Deviation 
where 
Audio 
Mutes 
(LM1965) 


Amount 
of Deviation 
where 
V16-12V 
(LM1865) 
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~Units 


43 
mA 


5.7 
V 


7.3 
16 
V 


0.1 
p.A 


0.3 
V 


0.1 
p.A 


4.7 
kG 


350 
G 


350 
G 


2 
kG 


760 
G 


60 
p.Vrms 


26 
dB 


390 
mVrms 


84 
dB 


60 
dB 


60 
dB 


0.1 
% 


0.1 
% 
1m 
0.15 
% 


±45 
kHz 


±40 
kHz 


75 
kHz 


Electrical Characteristics 
(Continued) 
Test Circuit, 
TA = 25°C, V + = 12V; Sl in position 
2; S2 in position 
1; and S3 in 


position 
2 unless 
indicated 
otherwise 


Parameter 
I 
Conditions 
~I 
Units 


DYNAMIC 
CHARACTERISTICS 
(Continued) 
'MOD = 400 Hz, '0 = 10.7 MHz, DEVIATION = ± 75 kHz 


Pin 13 Mute/Stop 
Threshold 
Voltage 
V14 = V9, Sl 
in Position 
4 
220 
mV 


S2 in Position 
4 (LM1965) 


S2 in Position 
3 (LM1865) 


V13 where 
Audio 
Mutes 
(LM1965) 


V13 where 
V16-12V 
(LM1865) 


Amount 
of Muting 
(LM1965 Only) 
S2 in Position 
4, Sl in Position 
1, V1F= 10 mV 
66 
dB 


Amount 
of Muting 
with 
Pin 13 and 
Sl in Position 
1 
0 
0 
dB 


Pin 16 Grounded 
V14 = V9, V1F= 10 mV 


Narrow 
Band AGC Threshold 
Increase 
IF Input 
untiIIAGc=O.l 
mA 
200 
/LVrms 


Pin 20 = 30 mVrms 


Wide 
Band AGC Threshold 
V1F= 100 mVrms 
9 
mVrms 


Increase 
Signal 
to Pin 20 untillAGC 
= 0.1 mA 


Pin 18, Low Output 
Voltage 
V1N Pin 20=100 
mV, VIF=loo 
mVrms 
0.3 
V 


Pin 8, Meter 
Output 
Voltage 
VIF=10/LV 
0.1 
V 


V1F=300/LV 
1.1 
V 


V1F=3 
mV 
2.6 
V 


Noto1: 
Above TA = 2S'C derate 
based on TJ(max) = 1S0'C and 9JA = 7S'CIW. 


Note 2: All data sheet specifications 
are for V+ = 12V and may change slightly with supply. 


Not83: 
When the IF is preceded by 26 dB gain in the buffer, excellent system sensitivity is achieved. 


Note 4: Measured with a notch at 60 Hz and 20 Hz to 100 kHz bandwidth. 


Not85: 
FM modulate RF source with an 80 kHz audio signal and find what modulation level, expressed as kHz deviation, results in audio mute for the LM1965 
or V16-12V 
for the LM186S. 


CURREN1 


METER 


/ 


IAFT 


CURRENT 
J:h") 
METER 


50 


O.01.F 


12V 
Tk6 


2 
13 


IF 


DECOUPLE 


6 


53 
10 


~_ 
0 
u = 
-10 


~ ~ 
-20 
tt ~ 
-30 
:: ~ 
-40 
~o 
!:.; -50 


~ ~ 
-60 
S § -70 
~c 
-80 


~ 
-90 


1 


FM Limiting 
Characteristics 
and AM Rejection 


AUDIO 
./ 
/ 


1/"\ 
/ 
\ 
AMR 


I 
....•.• 


NOISE 


10 
100 
lk 
10k 
lOOk 


IF INPUT VOLTAGEI.V) 


% THO vs OFF Tuning 
(Single 
Tuned Quadrature 
Coil) 


1.6 


1.4 


1.2 


~ 
0.8 
0:z:•... 


0.6 


0.4 


0.2 


I 


\ 
OOUAD=17 
I 
\ 


\ 
I 


/ 
..... "" 


0.04 
-100 
-60 
-20 
0 
20 
60 
100 


AMOUNT OF OFF TUNING (kHz) 
(0 CORRESPONDSTO 10.7 MHz) 


Pin 8, Meter 
Output 
Voltage 
vs IF Input 
Level 


RLDAD=30j 


/ 
/ 
I 


10 
100 
lk 
10k 
lOOk 


IF INPUT VOLTAGE(.V) 


Deviation 
Mute/Stop 
Threshold 
as a Function 
of 
AFT Load 
Resistor 


"""" -- 
5k 
10k 
15k 
20k 
25k 


LOAD RESISTANCE 
(8ETWEEN PINS 9 AND 14) (ll) 


Pin 14, AFT Current 
vs Tuning 


;; 
+300 
0: 
'i~ +200 
i~+100 
"'~ 
"' •... 
::>z 
'-'~ 
t;:~ 


; 
~ 
-100 
~5 -200 
o 


~ 
-300 
- 
-100 
-60 
-20 
0 
20 
60 
100 


AMOUNT OF OFF TUNING (kHz) 
10 CORRESPONDSTO 10.7 MHz) 


'" 
L 
P1H9C~:Hl. 
f- 


"J; 
/ 


1/ 
/ 


,/ 


53 
10 
~_ 
0 
§E -10 
~g -20 
tb:E -30 
"' •.. 
~ g -40 
!:.; -50 
•... 
0 
~ ~ 
-60 
g ~ -70 
~ 
-80 
5: 
-90 
1 


45 
<~ 


~ 
13 
40 
~ 
:l::~~ 
z 
0: 


FM Limiting 
Characteristics 
+THO 


AUDIO 
V 
/ 


I 


THO +NOISE 


"'- 
I 
I 
....•.• 


INOlsE 
~ 


10 
100 
lk 
10k 
lOOk 


IF INPUT VOLTAGEI.V) 


Supply 
Current 
vs 
Supply 
Voltage 


/ 
/./ 


....... 
V 


•....•. 
,./ 


35 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


PIN 17 SUPPLY VOLTAGE(V) 


IU ,",VlllnULLcn I ~k6 
~-~.r" 
I 
ILM1865) 


OR ~~~~~i~~8LE 
I ':" 
J 
I 
I 
L 
.J 


I 
I 
R8 


10k T 
I 
L="_~_J 
Rl0 


10k 


ILM1865 


ONLY) 


R5 
5kl 


TOKO 


KAC-K1138 


17 
16 


V+ 
STOP 
OUT 


ILM18651 


MUTE 
DISABLE 


ILM19651 


R6 
12 
25k 
11 


MUTE/ 
OUAO 


STOP 
COIL 


FILTER 


+ C7 


~50~F 
=CFl 
* 


=CF2 
* 
FIGURE 3 
IC External Components (see Application 
Circuit) 


Component 
Typical Value 


C1 
0.011'F 


C2 
0.011'F 


C3, C4 
0.01 I'F 


C5 
10l'F 


C6 
0.011'F 


C7 
50l'F 


C8 
2.21'F 


C9 
51'F 


C10 
0.11'F 


C11 
O.Q1I'F 


C12 
251'F 


C13 
O.Q1I'F 


R1 
Tuner Dependent 


R2, R3 
Tuner Dependent 


R4 
Meter Dependent 


R5 
5k1 


R6 
25k 


R7 
5k 


R8 
10k Pot 


R9 
3k6 


AC coupling 
for wide band AGC input 


Buffer and AGC supply decoupling 


IF decoupling 
capacitors 


Meter decoupling 
capacitor 


AC coupling 
for IF output 


Regulator 
decoupling 
capacitor, 
affects 
SIN floor 


Level mute/stop 
time constant 


AFT decoupling, 
affects 
stop time 


Disables 
noise mute/stop 


AC coupling 
for noise mute/stop 
threshold 
adjust 


Supply decoupling 


AGC output 
decoupling 
capacitor 


Wide band AGC threshold 
adjust 


Gain set and bias for IF; R2 + R3 = 330n to terminate 
ceramic 
filter 


Sets full-scale 
on meter 


Deviation 
mute/stop 
window 
adjustment 


Mute/stop 
filter, affects 
stop time 


Level mute/stop 
threshold 
adjustment 


Level mute/stop 
threshold 
adjustment 


Noise mute/stop 
threshold 
adjustment, 
decrease 
resistor 
for lower 
SIN at threshold 


10k 
Load for open-collector 
stop output 


50k 
AGC output 
load resistor 
for open-collector 
output 


3k9 
Sets Q of quadrature 
coil affecting 
THO, SIN and recovered 
audio 


181'H 
Sets signal 
swing across quadrature 
coil 
8 


Qu> 70 @ 10.7 MHz, L to 
10.7 MHz quadrature 
coil; QuL> 70 


• '" 
resonate 
w/82 pF @ 10.7 MHz 


",F 
TOKO KAC-K2318 or equivalent 


MuRata SFE10_7ML or equivalent 
10.7 MHz ceramic 
resonators 
provide selectivity; 
good group delay 
characteristics 
important 
for low THO of system 


Although 
the 
pinout 
of 
the 
LM1865/LM1965 
has 
been 
chosen 
to minimize 
layout 
problems, 
some 
care 
is reo 
quired 
to 
insure 
stability. 
The ground 
terminal 
on CF1 
should 
return 
to both 
the 
input 
signal 
ground 
and the 


buffer 
ground, 
pin 19. The ground terminal 
on CF2 should 


return to the ground side of C4. The quadrature 
coil T1 and 


inductor 
L1should 
be separated 
from the input circuitry 
as 


far as possible. 


PERFORMANCE 
CHARACTERISTICS 
OF TYPICAL 
APPLICATION 
WITH TUNER 


The following 
data was taken using the typical 
application 
circuit 
in conjunction 
with an FM tuner with 43 dB of gain, 


a 5.5 dB noise figure, 
and 30 dB of AGC range. The tuner 


was driven 
from a 500 source. 
75 /'s of de·emphasis 
was 


used on the audio output, 
pin 15. The 0 dB reference 
is for 


± 75 kHz deviation 
at 400 Hz modulation. 
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TUNER INPUT (!'VI 


- 3 dB limiting = 0.9 p,V 


30 dB quieting = 1.41J.V 


Level stop/mute 
threshold = 1.4 JlV 


Deviation mute window (- 
3 dB) = ± 45 kHz 


The threshold 
adjustments 
for the mute 
and stop 
func· 


tions 
are controlled 
by the 
same 
pins. 
Thus, 
the 
term 


mute/stop 
will be used to designate 
either function. 


The adjustable 
mute/stop 
threshold 
in the LM1865/LM1965 


allows 
for user programming 
of the signal 
level at which 


muting 
or stop indication 
takes place. The adjustment 
can 


be made in two mutually 
exclusive 
ways. The first way is to 


take a voltage 
divider 
from the meter output 
(pin 8) to the 


off channel 
mute input (pin 13). When the voltage 
at pin 13 


falls 
below 0.22V, an Internal 
comparator 
is tripped 
caus- 


ing muting 
or causing 
the stop output 
to go low. Adjust- 


ment of the voltage 
divider 
ratio changes 
the signal 
level 


at which 
this happens. 


The second 
method 
of mute/stop 
detection 
as a function 


of signal 
level is to use the presence 
of ultrasonic 
noise in 


the recovered 
audio to trip the internal 
comparator. 
As the 


signal 
level at the antenna 
of the radio drops, the amount 


of noise 
in the recovered 
audio, 
both 
audible 
and ultra- 


sonic, 
increases. 


The recovered 
audio 
is internally 
coupled 
through 
a high 


pass filter 
to pin 13 which 
is internally 
biased 
above the 


comparator 
trip point. 
Large negative-going 
noise spikes 


will drive pin 13 below the comparator 
trip point and cause 


mute/stop 
action. A simplified 
circuit 
is shown in Figure 4. 


Since the input to the comparator 
is noise, the output 
of 


the comparator 
is noise. Consequently, 
a mute/stop 
filter 


on pin 12 is required 
to convert 
output 
noise spikes 
to an 


average 
DC value. This filter 
is not necessary 
if pin 13 is 


driven from the meter. 


Adjustment 
of the mute/stop 
threshold 
in the noise mode 


is accomplished 
by adjusting 
the pole of the high pass 


filter 
coupled 
to the comparator 
input. This is done with a 


series capacitor/resistor 
combination, 
R9 C11, from pin 13 


to ground. As the pole is moved higher in frequency(i.e., 
R9 


gets smaller) 
more ultrasonic 
noise 
is required 
in the re- 


covered 
audio 
in order to initiate 
mute/stop 
action. 
This 


corresponds 
to a weaker 
signal 
at the 
antenna 
of the 


radio. In choosing 
the correct 
value for R9 it is important 
to 


make sure that recovered 
audio below 75 kHz is not suffi- 


cient 
to cause 
mute/stop 
action. 
This is because 
stereo 


and SCA information 
are contained 
in the audio signal 
up 
to 75 kHz. Also note that the ultrasonic 
mute/stop 
circuit 


will not operate 
properly 
unless a tuner is connected 
to the 


IF. This is because, 
at low signal 
levels, the noise at the 


tuner output 
dominates 
any noise sources 
in the IC. Con- 
sequently, 
driving 
the IC directly 
with 
a 500 generator 
is 


much less noisy than driving 
the IC with a tuner and there- 


fore not realistic. 
The RC filter on pin 12 not only filters 
out 
noise from the comparator 
output 
but controls 
the "feel" 


when manually 
tuning. 
For example, 
a very long time con- 
stant 
will 
cause 
the mute to remain 
active 
if you rapidly 


tune through 
vaiid strong stations 
and will only release the 


mute 
if you slowly 
tune to a valid station. 
Conversely, 
a 


short time constant 
will allow the mute to kick in and out 


as one tunes 
rapidly 
through 
valid stations. 


The advantage 
in using the noise mute/stop 
approach 
ver- 
sus the meter driven 
approach 
is that the point 
at which 
mute/stop 
action 
occurs 
is directly 
related 
to the signal- 


to-noise 
ratio 
in the 
recovered 
audio. 
Furthermore, 
the 


mute/stop 
threshold 
is not subject 
to production 
varia- 


tions 
in the meter output 
voltage 
at low signal 
levels, and 


thus might 
be able to be set without 
a production 
adjust- 


ment of the radio. However, the noise mute/stop 
approach 


can 
not 
be used 
if it is desired 
to set 
the 
mute/stop 


threshold 
for 
strong 
signal 
levels. 
This 
is because 
for 
strong 
signal 
levels the SIN level is too large to allow 
for 


the activation 
of the noise mute/stop 
circuit 
without 
mov- 


ing the pole of the high pass filter 
so low that the noise 


mute/stop 
circuit 
becomes 
sensitive 
to recovered 
audio 


below 
75 kHz. Thus, for setting 
the mute/stop 
threshold 
for strong 
signal 
levels, the meter driven approach 
is best. 
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As with 
the LM3189, the resistor 
connected 
between 
VREG 


(pin 9) and the AFT (pin 14) sets 
the deviation 
mute/stop 


window 
(see Typical 
Performance 
Characteristics). 
The 


LM1965 
was 
designed 
with 
a soft 
deviation 
mute. 
This 
means 
that 
the audio 
is gradually 
muted 
as you off tune 
from 
center 
frequency. 
Gradually 
muting 
avoids 
the prob- 


lem of an audio 
pop which 
would 
otherwise 
occur 
due to 


the unavoidable 
OC voltage 
shift 
at the audio 
output 
that 


accompanies 
the muting 
action. 
Capacitor 
C9 on the AFT 


pin sets the time 
constant 
for the deviation 
mute/stop 
in- 
dependent 
of 
the 
ievel 
mute/stop 
time 
constant. 
C9 


should 
be large enough 
to remove 
the audio 
from the AFT. 


The AFT pulls 
high at low signal 
leveis 
if the IF is driven 


directly 
from 
a 500 generator 
and 
not a tuner. 
This 
is a 


result 
of a loss of signal 
across 
the quad coil and a result- 
ing phase shift 
in the quadrature 
detector. 
This phase shift 


offsets 
the AFT. With 
a tuner 
and sufficient 
IF gain, at low 
signal 
leveis 
there 
will 
be enough 
noise 
across 
the quad 


coil to prevent 
much of this AFT shift. 
Thus, care should 
be 
taken 
when adjusting 
the IF gain (which 
is done by adjust- 


ing the ratioof 
R3 to R2) to minimize 
the AFT shift. 
Ground- 


ing pin 16 on the LM1965 will disable 
the mute function. 


An electronically 
tuned 
radio 
(ETR) pauses 
at fixed 
inter- 
vals 
across 
the 
FM band 
and awaits 
the stop 
indication 


from the LM1865. If, within 
a predetermined 
period 
of time, 
no stop 
indication 
is forthcoming, 
the 
controller 
circuit 


concludes 
that 
there 
is no valid 
station 
at that 
frequency 
and will 
tune 
to the next 
interval. 
There 
are several 
time 
constants 
that 
can affect 
the amount 
of time 
it takes 
the 
LM1865 to output 
a valid 
stop 
indication 
on pin 16. In this 


section 
each 
time 
constant 
will 
be discussed. 


Deviation 
Stop Time 
Constant 


An offset 
voltage 
is generated 
by the AFT if the LM1865 is 


tuned 
to either 
side 
of a station. 
Since 
deviation 
stop 
de- 


tection 
in the LM1865 is detected 
by the voltage 
at pin 14, it 


is Important 
that 
this 
voltage 
move fast 
enough 
to make 


the deviation 
stop decision 
within 
the time allowed 
by the 


controller. 
The speed at which 
the voltage 
at pin 14 moves 
is governed 
by the RC time constant, 
R5 C9. This time con- 
stant 
must 
be chosen 
long enough 
to remove 
recovered 


audio 
from pin 14 and short enough 
to ailow 
for reasonable 
stop 
detection 
time. 


Signal 
Level Stop 
Using 
Ultrasonic 
Noise 
Detection 


As previously 
mentioned, 
the R6 C8 time constant 
on pin 12 
is necessary 
to fiiter 
the noise 
spikes 
on the output 
of the 
internal 
comparator 
in the LM1865/LM1965. 
This time con- 


stant 
also 
determines 
the level stop 
time. 
When 
the volt- 


age at pin 12 is above a threshold 
voltage 
of about 
0.6V, the 
stop output 
is low. The maximum 
voltage 
at pin 12 is about 


0_8V. The level stop 
time 
is dominated 
by the amount 
of 


time 
it takes 
the voltage 
at pin 12 to fall from 
0.8V to 0_6V. 
The voltage 
at pin 12 follows 
an exponential 
decay with RC 


time constant 
given 
by R6 C8. For example 
if R6 = 25k and 


C8 = 2_2 I'F the stop 
time 
is given 
by 


t = - (24k)(2.2I'F) 
en (~) 


which 
yields 
t = 15 ms. 
It should 
be noted 
that 
the 0.6V 


threshold 
at pin 12 has a high 
temperature 
dependence 
and can move a·s much 
as 100 mV in either 
direction. 


Signal 
Level Stop 
Using 
the Meter 
Output, 
Pin 8 


As mentioned 
previously, 
R6 C8 is not necessary 
when the 


meter 
output 
Is used 
to drive 
pin 13. Consequently, 
this 


time constant 
is not a factor 
in determining 
the stop time. 


However, 
the speed 
at which 
the meter 
voltage 
can move 


may become 
important 
in this regard. This speed is a func- 


tion of the resistive 
load on pin 8 and filter capacitance, 
C5. 


In tuning 
from 
a strong 
station 
to a weaker 
station 
above 


the 
level 
stop 
threshold, 
the 
AGC 
voltage 
will 
move 
in 
order to try to maintain 
a constant 
tuner 
output. 
The AGC 
voltage 
must 
move 
sufficiently 
fast 
so that 
the tuner 
is 


gain 
increased 
to the point 
that 
the level stop 
indicates 
a 
valid 
station. 
This 
time 
constant 
is controlled 
by 
R11 
and C13. 


The quadrature 
detector 
of the LM1865/LM1965 
has been 
designed 
with 
a special 
circuit 
that compensates 
for dis- 


tortion 
generated 
by the non-linear 
phase characteristic 
of 


the quadrature 
coil. This circuit 
not only 
has the effect 
of 


reducing 
distortion, 
but also desensitizes 
the distortion 
as 
a function 
of tuning 
characteristic. 
As a result, 
low distor- 


tion 
is achieved 
with 
a single 
tuned 
quad 
coil without 
the 


need for a double 
tuned 
coil which 
is costly 
and difficult 
to 
adjust 
on a production 
basis. 
The 
lower 
distortion 
has 
been achieved 
without 
any degradation 
of the noise 
floor 
of the audio 
output. 
Furthermore, 
the compensation 
cir- 
cuit 
first-order 
cancels 
the effect 
of quadrature 
coil 
Q on 
distortion. 


When 
measuring 
the 
total 
harmonic 
distortion 
(THO) of 


the LM1865/LM1965, 
it is imperative 
that 
a low distortion 


RF generator 
be used. 
In the past 
it has been possible 
to 
cancel 
out distortion 
in the generator 
by adjustment 
of the 


quadrature 
coil. This is because 
centering 
the quadrature 
coil at other 
than 
the point 
of inflection 
on the S-curve 
in- 


troduces 
2nd harmonic 
distortion 
which 
can cancel 
2nd 


harmonic 
distortion 
in 
the 
generator. 
Thus 
low 
THO 


numbers 
may have been obtained 
wrongly. 
Large AFT off- 
sets, 
asymmetrical 
off 
tuning 
characteristic, 
and 
less 


than 
minimum 
THD will 
be observed 
if alignment 
of the 


quadrature 
coil 
is 
done 
with 
a 
high 
distortion 
RF 


generator. 


Care must also be taken 
in choosing 
ceramic 
filters 
for the 


LM1865/LM1965. 
It is important 
to use filters 
with 
good 
group 
delay 
characteristics 
and wide 
enough 
bandwidth 


to pass enough 
FM sidebands 
to achieve 
low distortion. 


low AFT offset 
current 
at the point 
of minimum 
THD. AFT 


offset 
currrent 
will 
cause 
a 
non-symmetric 
deviation 
mute/stop 
window 
about 
the point 
of minimum 
THD. No 
external 
AFT offset 
adjustment 
should 
be necessary 
with 
the LM1865/LM1965. 


DUAL THRESHOLD 
AGC 


(AUTOMATIC 
LOCAL/DISTANCE 
SWITCH) 


There 
is a well recognized 
need in the field 
for gain reduc- 
ing (AGCing) 
the front 
end (tuner) 
of an FM receiver. 
This 
gain 
reduction 
is important 
in preventing 
overload 
of the 


front 
end which 
might 
occur 
for large signal 
inputs. 
Over- 
loading 
the 
front 
end with 
two 
out-of-band 
signals, 
one 


channel 
spacing 
apart 
and 
one 
channel 
spacing 
from 


center 
frequency, 
or, two channel 
spacings 
apart 
and two 


channel 
spacings 
from 
center 
frequency, 
will 
produce 
a 


third 
order 
intermodulation 
product 
(IMy which 
falls 
in- 
band. This 1M3product 
can completely 
block 
out a weaker 


desired 
station. 
The AGC in the LM1865/LM1965 
has been 


specially 
designed 
to deal with 
the problem 
of 1M3, 


With 
the LM1865/LM1965 
system, 
a low AGC threshold 
is 


achieved 
whenever 
there 
are strong 
out-of-band 
signals 


that 
might 
generate 
an interfering 
1M3product, 
and a high 


band signals. 
The high AGC threshold 
allows 
the receiver 


to obtain 
its best signal-te-noise 
performance 
when there 
is no possibility 
of an 1M3product. 
The low AGC threshold 
allows 
for weaker 
desired 
stations 
to be received 
without 
gain-reducing 
the tuner. 
It should 
be noted 
that 
when 
the 
AGC threshold 
is set 
low, there 
will 
be a signal-to-noise 
compromise, 
but is assumed 
that 
it is more 
desirable 
to 


listen 
to 
a slightly 
noisy 
station 
than 
to 
listen 
to 
an 


undesired 
1M3 product. 
The 
simplified 
circuit 
diagram 
(Figure 
5) of the AGC 
system 
shows 
how 
the dual 
AGC 


thresholds 
are achieved. 


Vm = 1V corresponds 
to a fixed in-band 
signal 
level (defined 


as VNe) at the tuner 
output. 
VNB will 
be referred 
to as the 
"narrow 
band threshold". 
VWB also corresponds 
to a fixed 


tuner 
output 
which 
can either 
be an in-band 
or out-of-band 
signal. 
This 
fixed 
tuner 
output 
will 
be called 
the 
"wide 


band 
threshold". 
Always 
VWB> VNB. R11 and C13 define 
the AGC time 
constant. 
A reverse 
AGC system 
is shown. 


This means 
that VAGe decreases 
to gain-reduce 
the tuner. 


The LM1865/LM1965 
AGC output 
is an open-collector 
cur- 
rent 
source 
capable 
of sinking 
at least 
1 mA. The AGC 


voltage 
can move over the full 
range of the V + supply. 
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First 
examine 
what 
happens 
with 
a single 
in-band 
signal 
as we vary the strength 
of this 
signal. 
Figures 
6 and 
7 il- 
lustrate 
what 
happens 
at the tuner 
and AGC outputs. 


DESIRED SIGNAL 


REACHES VN' 
I 


In Figure 
7 there 
is no AGC output 
until 
the tuner 
output 
equals 
the 
wide 
band 
threshold. 
At this 
point 
the 
AGC 
holds 
the tuner 
output 
in Figure 
6 relatively 
constant. 


Another 
simple 
case 
to examine 
is that 
of the single 
out- 


of-band 
signal. 
Here there 
is no AGC output 
even 
if the 


signal 
exceeds 
VWB. There 
is 
no 
output 
because 
the 


ceramic 
filters 
prevent 
the out-of-band 
signal 
from getting 


to the input 
of the IF. With 
no signal 
at the IF input there 
is 


no meter 
output 
and thus 
11= 0, which 
means 
IAGe = O. 


Figures 
8 and 9 illustrate 
what 
happens 
at the tuner 
and 
AGC 
outputs 
when 
the 
strength 
of an in-band 
signal 
is 
varied 
in the presence 
of a strong 
out-of-band 
signal 
(i.e., 


greater 
than 
VWB) which 
is held 
constant 
at the 
tuner 
input. 
For this example, 
the in-band 
signal 
at the tuner out- 


put will be referred 
to as Vo(desired 
signal), 
and the out-of- 
band signal 
as Vuo (undesired 
signal). 


In Figure 
9, we see that 
there 
is no AGC output 
until 
the 


tuner 
output 
exceeds 
the narrow 
band threshold, 
VNB. At 


this 
point 
Vm>1V 
and current 
11>0. Further 
increase 
of 


the desired 
signal 
at the tuner 
input 
results 
in an AGC cur- 


rent that tries to hold the desired 
signal 
at the tuner 
output 
constant. 
This gain reduction 
of the tuner 
forces 
the unde- 


sired signal 
at the tuner output 
to fall. At the point 
that VUD 


reaches 
the 
wide 
band 
threshold, 
no 
further 
gain 
re- 


duction 
can 
occur 
as Vo would 
fall 
below 
VWB (refer 
to 


Figure 
5). At this 
point, 
control 
of the AGC shifts 
from 
the 


meter 
output 
(narrow 
band 
loop) to the out-of-band 
signal 
(wide band loop). Here VUD is held constant 
along 
with the 
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I,, 
FIGURE 
8 


. 
I 
I, 


AGC voltage, while VD is allowed to increase. VD will in- 
crease until it reaches the level of the wide band threshold 
at the tuner output. When this occurs VUD is no longer 
needed to keep Yo> VWB as VD takes over the job. Thus VUD 
will drop as the amount of AGC increases, while VD is held 
constant by the AGC. 


When compared to the simple case of a single in-band 
signal, we see that because of the presence of a strong 
out-of-band signal, AGC action has occurred earlier. For 
the simple case, AGC started when VD~ 
VWB. For the two 
signal case above, AGC started when VD~ 
VNB. Thus, the 
LM1865/LM1965 achieves an early AGC when there are 
strong adjacent channels that might cause 1M3, and a later 
AGC when these signals aren't present. 


For the range of signal levels that the tuner was gain- 
reduced and VD< VWB there was loss in signal-to-noise in 
the recovered audio as compared to the case where there 
was no gain reduction in this interval. Note, however, 
that 


the tuner is not desensitized 
by the AGe to weak desired 


stations 
below 
the narrow 
band 
threshold. 


Both the narrow band and wide band AGC thresholds are 
user adjustable. This allows the user to optimize the AGC 
response to a given tuner. Referring to Figure 5, when the 
meter output exceeds 1V a comparator within the Gm, 
block allows current I, to flow. A simplified circuit diagram 
of this comparator is shown in Figure 
10. 


The 7600 resistor in series with pin 8 allows for an upward 
adjustment of the narrow band threshold. This is accom- 
plished by externally loading pin 8 with a resistor. Figure 
11 
illustrates how this adjustment takes place. 


From Figure 11it is apparent that loading the meter output 
not only moves the narrow band threshold, but also de- 
creases the meter output for a given input. 


In general one chooses the narrow band threshold based 
on 
what 
signal-to-noise 
compromise 
is 
considered 
acceptable. 
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There 
are a number 
of criteria 
that 
determine 
where 
the 
wide 
band threshold 
should 
be set. If the threshold 
is set 
too 
high, 
protection 
against 
1M3 
will 
be 
lost. 
If 
the 
threshold 
is set too low, the front 
end, under 
certain 
input 
conditions, 
may 
be needlessly 
gain-reduced, 
sacrificing 
signal·to·noise 
performance. 
Ideally, 
the 
wide 
band 
threshold 
should 
be set 
to a level 
that 
will 
insure 
AGC 
operation 
whenever 
there 
are out-of·band 
signals 
strong 
enough 
to 
generate 
an 
1M3 
product 
of 
sufficient 
magnitude 
to exceed 
the narrow 
band threshold. 
Ideally, 


this 
level should 
be high enough 
to allow 
for a single 
in- 
band desired 
station 
to AGC the tuner, only after the maxi- 
mum signal-to-noise 
has been achieved. 


In order 
to 
insure 
that 
the 
wide 
band 
loop 
is activated 
whenever 
the 1M3 exceeds 
the narrow 
band threshold, 
VNB, 


determine 
the minimum 
signal 
levels 
for two out-of-band 
signals 
necessary 
to produce 
an 1M3 equal 
to VNB. Then, 


arrange 
for the wide 
band 
loop to be activated 
whenever 
the tuner 
output 
exceeds 
the 
rms sum 
of these 
signals. 


There 
are many 
combinations 
of two out-of-band 
signals 
that will 
produce 
an 1M3 of a given 
level. However, 
there 
is 
only one combination 
whose 
rms sum is a minimum 
at the 
tuner 
output. 
1M3 at the tuner 
output 
is given'according 
to 
the equation: 


1M3 = aVuD~ 
VUD2 
(assuming 
no gain reduction) 
(1) 


where 
a = constant 
dependent 
on the tuner; 
VUD1= out·of-band 
signal 
400 
kHz 
from 
center 
fre· 
quency, 
applied 
to tuner 
input; 
VUD2= out-of-band 
signal 
800 
kHz 
from 
center 
fre- 


quency 
and 400 kHz away from VUD1,applied 
to 


tuner 
input. 


In general, 
due 
to 
tuned 
circuits 
within 
the 
tuner, 
the 
tuner 
gain 
is not 
constant 
with 
frequency. 
Thus, 
if the 


tuner 
is kept 
fixed 
at one frequency 
while 
the 
input 
fre· 


quency 
is changed, 
the output 
level will 
not remain 
con- 


stant. 
Figure 
12 illustrates 
this. 


It can be shown 
that 
for a given 
1M3, the combination 
of 


VUD1and VUD2that 
produces 
the smallest 
rms sum at the 


tuner 
output 
is given 
by the equations: 


( 
A2IM3)1I3 


VUD1= 1.12 
A1 a 


( 
A12IM3)1/3 
VUD2=0.794 
i(i2 a 


Therefore, 
in orde'r to guarantee 
that the AGC will be keyed 


for an 1M3 = VNB we need only satisfy 
the condition: 


[ 
(A2V 
) 


1131' I 
(Al'V 
) 
1/ 


31' 
vw"" 
v~"+ 
(A1)(1.12) A1 -'1-" 
+ 
A2(O,794) Ai' -'1-" 
(4) 


The right 
hand term 
of equation 
(4) defines 
an upper 
limit 


for VWB called 
VWBUL. VWBUL is the 
rms 
sum 
of all 
the 


signals 
at the tuner 
output 
for two 
out-of-band 
signals, 


VUD1and VUD2 [as expressed 
in equations 
(2) and (3)], ap- 


plied 
to the tuner 
input. 


Define A = tuner gain at center frequency 


A1 = tuner gain at /0 + 400 kHz 


A2= tuner gain atJo+800 
kHz 


In order 
to make 
the calculation 
in equation 
(4), the con- 


stants 
a, Al, A2 must 
first 
be determined. 
This is done 
by 
the following 
procedure: 


1. Connect 
together 
two RF generators 
and apply them to 
the 
tuner 
input. 
Since 
the 
generators 
will 
terminate 
each 
other, 
remove 
the 
son 
termination 
at the 
tuner 
input. 


2. Connect 
a spectrum 
analyzer 
to the tuner 
output. 
Most 
spectrum 
analyzers 
have 
son 
input 
impedances. 
To 


make sure that this 
impedance 
does not load the tuner 


output 
use 
a FET probe 
connected 
to the 
spectrum 


analyzer. 
The tuner 
output 
shouid 
be terminated 
with a 


ceramic 
filter. 


3. Disconnect 
the AGC 
line to the tuner. 
Make 
sure that 
the tuner 
is not gain-reduced. 


4. Adjust 
the two RF generators 
for about 
1 mV input 
and 
to frequencies 
400 kHz and 800 kHz away 
from 
center 


frequency 
(Figure 
13). 


5. 
Note the three 
output 
levels 
in volts. 


6. 
Knowing 
the tuner 
input 
levels 
for VUD1and VUD2 and 
the 
resulting 
1M3 just 
measured, 
"a" 
is 
calculated 
from 
the formula: 


a= 
1M3 
~ 


VUD12VUD2 


where 
all levels 
are in volts 
rms. A typicai 
value for "a" 


might 
be 2 x 106. 


7. Al 
and 
A2 are calculated 
according 
to the 
following 
formulas: 


VINI 10+400 kHz 


A2= 
V2 


VIN I 10+800 kHz 


If the wide 
band threshold 
was set to VWBUL,then when 
a 
single 
in-band 
station 
reached 
the level VWBULat the tuner 
output, 
AGC 
action 
would 
start 
to take 
place. 
For this 
reason 
it is hoped 
that 
VWBUL is above 
the level that 
will 
allow 
for maximum 
signal-to-noise. 
If, however, 
this 
is not 
the case, consideration 
might 
be given to improving 
the in- 
termodulation 
performance 
of the tuner. 


The lower 
limit 
for VWB is the minimum 
tuner 
output 
that 
achieves 
the best possible 
signal-to-noise 
ratio 
in the re- 


covered 
audio. 
In general, 
it is desirable 
to set VWB closer 
to the upper limit 
rather than the lower limit. This is done to 
prevent 
AGC action 
within 
the narrow 
band 
loop except 
when 
there 
is a possibility 
of an 1M3 greater 
than VNB. 


The wide band threshold 
at the pin 20 input to the LM1865/ 
LM1965 is fixed 
at 9 mVrms. 
Generally 
speaking, 
if pin 20 
were driven 
directly 
from 
the tuner 
output, 
VWB would 
be 
too 
low. Therefore, 
in general, 
pin 
20 is not 
connected 
directly 
to the tuner 
output. 
Instead 
the tuner 
output 
is at- 
tenuated 
and then 
applied 
to pin 20. Increasing 
attenua- 


tion increases 
the wide 
band threshold, 
VWB. 


Pin 20 has an input 
impedance 
at 10.7 MHz that 
can 
be 
modeled 
as a soon resistor 
in series with a 19 pF capacitor, 
giving 
a total 
impedance 
of 940n 
/-58'. 
Thus 
an easy 


way to attenuate 
the input 
to pin 20 is with 
the arrange- 
ment 
shown 
in Figure 
14. 


Notice 
that pin 20 must be AC coupled 
to the tuner 
output 
and that 
Cl is a bypass 
capacitor. 
Rl adjusts 
the amount 


of 
attenuation 
to 
pin 
20. The 
wide 
band 
threshold 
will 
roughly 
increase 
by a factor 
of (Rl + 9400}/940n. 


If 
for 
some 
reason 
the 
dual 
AGC 
thresholds 
are 
not 
desired, 
it is easy 
to use the 
LM1865/LM1965 
as a more 
conventional 
LM3189 type of AGC. This 
is accomplished 
by AC coupling 
the pin 20 input 
after 
the ceramic 
filters 
rather 
than 
before 
the filters. 
Thus, 
as with 
the 
LM3189, 
only 
in-band 
signals 
will 
be able to activate 
the AGC. 
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~National 
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Semiconductor 


LM1866 Low Voltage AM/FM Receiver 


Audio/Radio Circuits 
PRELIMINARY 


General Description 


The LM1866 has been designed 
for high quality 
battery 


powered 
medium 
wave 
AM 
and 
FM 
receiver 
applica- 
tions requiring 
operation 
down to 3V. The AM section 
con- 
tains 
a fully 
balanced, 
wide 
dynamic 
range, 
gain 
con- 


trolled 
mixer 
stage 
buffered 
from 
a single 
pin 
local 


oscillator. 
A two pin compound 
IF amplifier 
and internal 


detector 
provide 
a low distortion 
high level audio output. 


An AM/FM 
signal 
strength 
meter voltage 
is provided 
to a 


single 
output 
pin. The FM section 
contains 
a six stage 
limiting 
IF amplifier, 
quadrature 
detector, 
AFC 
output, 
deviation 
audio muting 
and noise operated 
audio muting. 
While designed 
forthe 
high ripple, high battery 
impedance 


conditions 
found at the end of life for four "C" or "0" 
cells, 
the LM1866 will operate 
equally 
well at supply voltages 
up 


to 15V. 


• 
Operation 
from 3V to 15V 


• 
Excellent 
power supply 
ripple 
rejection 


• 
Fully balanced, 
wide dynamic 
range, AM mixer stage 


• 
Internal 
AM detector 
for minimum 
tweet 
interference 


• 
Single 
pole DC AM/FM 
mode switching 


• 
Six 
stage 
FM 
IF limiting 
amplifier 
for excellent 
AM 


rejection 


• 
"Soft" 
FM deviation 
and noise operated 
audio 
muting 


• 
FM quadrature 
detector 


• 
Single 
pin AM/FM 
meter output 


• 
Single 
pin matched 
level AM/FM 
audio output 
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Coil Data: 


T2, Toko 159GC-A3785 
CF1, Toko CFU·90D 


Absolute Maximum Ratings 


Supply 
Voltage 
(Pin 14) 
15V 


Package 
Dissipation 
(Note 1) 
1.7W 


Storage 
Temperature 
Range 
-55·Cto 
+150·C 


Operating 
Temperature 
Range 
O·Cto 
+ 70·C 


Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


Electrical Characteristics (Test Circuit, 
TA= 25·C) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


STATIC DC CHARACTERISTICS: 
elN = 0, RMUTE= on, Vcc = 6V 


Operating 
Supply 
Range, 
V14 
3 
6 
15 
V 


Supply 
Current, 
114 
AM Mode 
15 
mA 


Supply 
Current, 
114 
FM Mode 
17 
mA 


Regulator 
Output 
Voltage, 
V11 
2.9 
V 


Meter 
Output 
Voltage, 
V18 
AM Mode 
0 
0.2 
V 


Meter 
Output 
Voltage, 
V18 
FM Mode 
0 
0.2 
V 


AFC Output 
Voltage, 
V17 
FM Mode 
2.9 
V 


AM/FM 
Audio 
Output 
Resistance, 
Ro15 
3 
kn 


AM DYNAMIC 
CHARACTERISTICS: 
lAM = 1 MHz, IMOD = 1 kHz, m = 0.3, Vcc = 6V 


Maximum 
Sensitivity 
eAM lor eo = 6 mV 
9 
/iV 


20 dB QUieting 
Sensitivity 
eAM lor eo = 20 dB SIN 
25 
/iV 


Signal 
to Noise 
Ratio 
eAM=10 
mV 
40 
50 
dB 


Total 
Harmonic 
Distortion 
eAM=10 
mV 
0.3 
1 
% 


Total 
Harmonic 
Distortion 
eAM = 10 mV, m =0.8 
1 
2 
% 


Audio 
Output 
Level 
eAM=10mV 
80 
120 
160 
mV 


Overload 
Distortion 
eAM =50 
mY, m =0.8 
2 
10 
% 


Meter 
Output 
Voltage 
eAM=1 
mV 
1.2 
V 


Meter 
Output 
Voltage 
eAM=50 
mV 
2.5 
V 


FM DYNAMIC 
CHARACTERISTICS: 
IFM = 10.7 MHz, IMOD = 400 Hz, ~I = ± 75 kHz, Vcc = 6V 


- 3 dB Limiting 
Sensitivity 
eFM lor 
- 3 dB Limiting 
Sensitivity 
12 
25 
/iV 


Signal 
to Noise 
Ratio 
eFM =10 
mV 
60 
76 
dB 


AM Rejection 
eFM = 10 mV, 30% AM Mod 
40 
55 
dB 


Total 
Harmonic 
Distortion 
eFM=10 
mV 
0.5 
1 
% 


Audio 
Output 
Level 
eFM = 10 mV, 30% 
FM Mod 
80 
120 
160 
mV 


Meter 
Output 
Level 
eFM=1 
mV 
0.8 
V 


Meter 
Output 
Level 
eFM=50 
mV 
1.8 
V 


± Deviation 
Mute (Notes 
2, 4) 
eFM = 10 mV, RAFc = 10k 
40 
kHz 


RMuTE lor Noise 
Mute (Notes 
3, 4) 
Set eFM lor 
- 3 dB Limiting 
Sensitivity 
2 
5 
10 
kn 


Max Audio 
Mute Attenuation 
60 
75 
dB 


Note 1: Above TA = 2S-C. derate based on TJ(max) = 1SOoC and BJA = 75°C/W. 


Note 2: RMUrE = 2 kOt eFM = 10 mY, adjust 
center 
frequency 
for VAFC = VREG, record fFM. adjust 
± fFM for> 
50 dB audio mute attenuation. 


Note 3: Adjust 
RMUrE from 2k to 10k for> 
50 dB audio mute attenuation. 
Set eFM = 10 mV and check for mute off. 


Note 4: When RMUrE = on, the deviation 
and noise operated 
mute functions 
are disabled. 
When RMUrE = 2 kO, only the noise mute function 
is disabled. 
The 
deviation 
mute bandwidth 
is set by the RAFC resistor. The noise mute threshold 
is set by the RMUTE resistor. Test circuit 
noise bandwidth 
characteristics 
pre· 
vent noise mute operation 
for IF input levels below the - 3 dB limiting 
threshold. 
When the FM IF is used with a tuner full noise mute capability 
is accessible 
(See Applications 
Information). 
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SUPPLY VOLTAGE IV) 


Applications Information 
(See 
Typical 
Applications 
and 
LM1866 
Schematic 
Diagram) 


Because 
of the wide 
supply 
voltage 
range and high ripple 


conditions 
expected 
in battery 
or low 
cost 
transformer 


supplies, 
the LM1866 
uses 
a band 
gap referenced 
active 
voltage 
regulator 
which 
is externally 
compensated 
at 
pin 19. This capacitor, 
when 
made large enough, 
improves 
the supply 
rejection 
and decreases 
the noise bandwidth 
to 


a level well 
below 
the AM reception 
frequencies. 
A O.lI'F 


capacitor 
will 
compensate 
the 
regulator 
for 
low 
noise 


operation 
while 
50 I'F (max) will 
improve 
supply 
rejection 


and the maximum 
FM audio 
mute attenuation 
character· 
istics. 
During 
power 
turn on, the pin 19 capacitor 
is quick· 
charged 
to its normal 
operating 
voltage 
so that the AM or 
FM sections 
are in operation 
before 
the audio 
amplifier 
turn 
on 
delay 
has 
timed 
out. 
See 
LM1895/LM2895 
and 
LM1896/LM2896 
data sheets 
for additional 
audio amplifier 
information. 


The AM section 
contains 
a fully balanced 
mixer stage with 


the RF input 
applied 
to a differential, 
diode 
degenerated, 
transistor 
pair at pins 5 and 6. DC feedback 
is provided 
by 
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SUPPLY VOLTAGE(V) 


the loopstick 
secondary 
winding. 
The mixer 
output 
1st IF 
transformer 
at pin 7 should 
be returned 
to Vcc at pin 14 to 
allow 
maximum 
undistorted 
output 
swing 
when tuning 
be· 
tween 
stations. 
RF and AGC decoupling 
at pin 6 removes 
noise 
and lowers 
audio 
distortion. 


The mixer 
upper pairs are switched 
differentially 
by a buf· 
fer amplifier 
from the pin 8 local oscillator. 
DC feedback 
is 
provided 
by the oscillator 
coil 
secondary 
winding 
to the 
pin 11 regulator 
voltage. 


The oscillator 
frequency 
is given 
by: 


fo= 
0.159, 
v'LC 


and the peak swing 
is given by: Vp = IZ (I = 700 I'A, Z = tank 
impedance 
at resonance). 
Vp should 
be between 
0.3V and 
0.5V to maintain 
an undistorted 
output 
at low supplies. 


The two 
stage 
AM IF amplifier 
at pins 
12 and 13 requires 
output 
to input 
DC feedback 
and external 
decoupling. 
The 
IF gain 
is given 
by: 


ZL 
AV=12 


where 
ZL equals 
resonant 
unloaded 
tank 
impedance 
in 
parallel 
with 
REXT. In most applications 
ZL = 10k and 


ZL 
0L= - 
=5 
Xc 


where 
REXT= an 
external 
IF gain 
setting 
resistor 
and 
Xc = impedance 
of tank tuning 
capacitor. 
A rule of thumb 
for selling 
the IF gain 
would 
be to adjust 
REXT for 20 dB 
audio 
SIN 
when 
the audio 
has dropped 
10 dB below 
the 
level found 
at the AGC threshold. 
(Because 
of the low OL. a 
non·tuned 
coil 
is acceptable.) 


The output 
of the 
IF amplifier 
drives 
an internal 
detec· 
tor which 
is operating 
at low currents. 
This results 
in very 


low 2nd and 3rd IF harmonic 
radiation 
for minimal 
tweet 
interference. 


The 
FM section 
contains 
a six 
stage 
limiting 
amplifier, 


quadrature 
detector, 
AFC output, 
deviation 
mute detector 
and a high frequency 
noise mute detector. 
(See Figure 1 for 
the Simplified 
Mute Circuit 
Schematic.) 
The output 
of the 
quadrature 
detector 
is 
split 
into 
three 
current 
source 
pairs. 
The ± audio 
current 
and internal 
load resistor 
R84 


2.9V 


VREG 
PIN 11 


~CSTR'Y 


PEAK TO PEAK 
OETECTOR 
1 MHz 


provide 
the 
audio 
output 
voltage 
via 056 
to pin 15. The 


± AFC current, 
external 
load resistor 
(RAFcl and the 10 I'F 


capacitor 
provide 
an 
audio 
decoupled 
AFC 
voltage 
to 


pin 17. The ± noise current 
and internal 
load resistor 
Rl14 


provide 
a wideband 
detector 
output 
that 
is limited 
in fre· 


quency 
by CSTRAY.With 
the 
addition 
of internal 
C4 and 


R120 a band pass filter 
(fo=l 
MHz) is realized 
at the input 


of the peak to peak detector. 
The output 
current, 
flowing 
in 
resistor 
RMUTEand fi Itered by a capacitor, 
provides 
a mute 


voltage 
at pin 16. When 
the mute voltage 
rises 
to approx· 


imately 
one VSE, transistor 
0139 will 
start 
to shunt 
the ± 


audio 
current 
away 
from 
R84, muting 
the 
audio 
output. 


The 
value 
of 
the 
RMUTE resistor 
will 
determine 
the 


minimum 
audio 
signal 
to noise 
ratio 
at which 
one wishes 


to mute. The deviation 
mute detector 
will output 
a current 


only 
when 
the AFC voltage 
is offset 
above 
or below 
the 


VREGvoltage. 
Load 
resistor 
R121 and transistor 
0154 will 


convert 
this 
current 
to a mute 
voltage 
at pin 16. This 
is 


done to prevent 
interaction 
between 
the two detector 
out· 


put currents. 
The external 
RAFC resistor 
is used to set the 


deviation 
mute 
bandwidth 
so that the pin 16 mute voltage 


is one VSE at the desired 
frequency 
band edge. When 
dis· 


abling 
the 
mute 
functions, 
pin 16 is shorted 
to ground, 


preventing 
0139 from 
becoming 
active. 


PIN 15 
AUOIO 
OUT 


±I 


R122 
R111 
AUOIO 


2k 
6k 
SHUNT 


PEAK TO PEAK 
OETECTOR 


OC 


Component 


C1A,B,C,D 


R1, C2, C3 


C4 


R5, C5 


R6 


C6 


C7, C8 


R4 (REXT) 


R7, C15, C14 


R3, C10 


RMUTE,C11 


RAFC, C12 


C13 


3300, 0.01 JlF 


1 JlF-10JlF 


27k,1 
JlF 


120k-150k 


0.1 JlF 


0.1 JlF, 10 JlF 


15k 


100, 0.1 JlF, 100 JlF 


3k, 0,01 JlF 


o to 10k, 10 JlF 


10k, 10 JlF 


10JlF 
!f~-j;,l 
I 
II I 
I 
I 
I 
I 
L 
..J 


CT=82 
pF 
Qu = >70 
f=10.7 
MHz 
Part no. KAC K2318HM 
Toko Electronics 
Ltd. 


r-~---E--~ 
I 
II 
I 


: 
098T 
II 
18T 
: 
I 
II 
I 
I 
I 
L 
:..J 


AM/FM 
tuning 
capacitor 


FM IF decoupling, 
filter 
match 
and DC feedback 


AM RF/AGC 
decoupling 


Sets AM AGC time 
constant 


Optional: 
decreases 
AM audio 
output 
but improves 
AM meter 
threshold 


Regulator 
output 
decoupling 


AM IF/audio 
decoupling 


Sets AM IF gain 


Supply 
decoupling 


Sets 
FM de-emphasis/AM 
smoothing 


Audio 
post filter 
pole is given 
by: f = 
0.159 , when 
RT = R3 + Ro15 = R3 + 3 kO 


RTC10 


Sets noise 
mute 
threshold, 
filter. 
00 will 
turn off mute 
function. 


Sets deviation 
mute 
bandwidth, 
audio 
decoupling 


Regulator 
decoupling 
and supply 
rejection 
filter 


i-g-------l 
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CT= 180 pF 
QU=14 
f=455 
kHz 


Part no. 159GC·A3785 
Toko Electronics 
Ltd. 
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CT=50 
pF 
Qu=80 
f = 10.7 MHz 
Part no. NS·107C 
Apollo 
Electronics 
Corp. 
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L=360JlH 
f=796 
MHz 
Qu=160 
Tuning 
freq. = 985 kHz - 2105 kHz 


Part no. RB06A5105 
Toko Electronics 
Ltd. 


~ 
';E2T 
104T 
II 
L=650JlH 
f=796 
MHz 
Qu = 200 
Tuning 
freq. = 530 kHz -1650 
kHz 


L7 SWG #20, N = 3 1/2T, ID = 5mm 
L5 SWG #20, N = 3 1/2T, ID = 5mm 
L6 L = 0.44 JlH, N = 4 1I2T, Qu= 
70 


Toko CFU-090D 
or equivalent 


f = 455 kHz, BW >4.8 kHz 


Dummy 
Antenna 
lor FM 


FM 


~ 


ANTENNA 


INPUT 


"'\" 
S6 
51 


Variable 
Tuning 
Capacitor 
Type: QT-22124 Toko Electronics 
Ltd. 


Capacitance: 
AM 
C1A 4-142 
pF, C1B 4-60 
pF 


FM 
2.5 pF-20 
pF 
C1C, cm 


3JPFY40PF 
H·· 


"+ 


~"''' 
"" 


+ 
C14 


~ll1ll,.J 


~'."'F 


+ 


~101'F 


~'OO5'F 
" 
C5 + 
2n 
:~."F"J 


FM Performance 
(88 MHz-1D8 MHz) 


.30 
dB quieting 
sensitivity: 
3.5jAV 


• - 3dB limiting 
sensitivity: 
7 jAV 


AM Performance 
(525 kHz-1650 
kHz) 


• Maximum 
sensitivity: 
100 jAV/m 


·20 
dB quieting 
sensitivity: 
250 jAV/m 


• Tweet* 
worst case: 5% 
100 mV/m: 1.5% 


See Table I for coil and numbered 
component 
data 


See LM1895/LM2895 
data sheet for audio amp info 


* Tweet is an audio 
tone produced 
by the 2nd and 3rd harmonic 
of the IF beat- 


ing against 
the received signal. It is measured as an equivalent 
modulation 
level: 


Le., a 30% tweet has the same amplitude 
at the detector 
as a desired 
signal with 
30% modulation. 
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~National 
~ 
Semiconductor 


LM1868 AM/FM Radio System 


The combination of the LM1868 and an FM tuner will pro- 
vide all the necessary functions 
for a 0.5 watt AM/FM 


radio. 
Included 
in the 
LM1868 are the audio 
power 


amplifier, FM IF and detector, and the AM converter, IF,and 
detector. The device is suitable for both line operated and 
9V battery applications. 


• 
DC selection of AM/FM mode 
• 
Regulated supply 
• 
Audio amplifier 
bandwidth 
decreased in AM mode, 


reducing amplifier noise in the AM band 
• 
AM converter AGC for excellent overload characteristics 


• 
Low current internal AM detector for low tweet radiation 


0.01 pF 


fMIF~ 
INPUT, 


R7 


3k 
C16 


~_0011J.F 


18 


+ 
C19 
T"' 


Order Number LM1868N 
See NS Package N20A 


Absolute 
Maximum 
Ratings 


SupplyVoltage(Pin 
19) 
15V 
Storage Temperature Range 
- 55'C to + 150'C 


Package Dissipation 
1.6W 
Operating Temperature Range 
O'Cto + 70'C 


Above TA= 25'C, Derate Based on TJ(MAX)= 150'C 
LeadTemperature(Soldering, 10seconds) 
300'C 


and 0JA= 75'CIW 


Electrical 
Characteristics 
Test Circuit, TA= 25'C, Vs= 9V, RL = 80 unless otherwise noted 


Parameter 
I 
Conditions 
~ 
Units 


STATIC CHARACTERISTICS: eAM= 0, eFM= 0 


Supply Current 
AM Mode, S1 in Position 1 
22 
30 
mA 


Regulator Output Voltage (Pin 16) 
3.5 
3.9 
4.5 
V 


Operating Voltage Range 
4.5 
15 


DYNAMIC CHARACTERISTICS-AM 
MODE: fAM= 1 MHz, fmod = 1 kHz, 30% Modulation, S1 in Position 1, Po = 
50 mW unless noted 


Maximum Sensitivity 
Measure eAMfor Po = 50 mW, 
8 
16 
p.V 


Maximum Volume 


Signal-to-Noise 
eAM=10 mV 
40 
50 
dB 


Detector Output 
eAM= 1 mV 
40 
60 
85 
mV 


Measure at Top of Volume Control 


Overload Distortion 
eAM= 50 mY, 80% Modulation 
2 
10 
% 


Total Harmonic Distortion (THD) 
eAM=10 mV 
1.1 
2 
% 


DYNAMIC CHARACTERISTlCS- 
FM MODE: fFM= 10.7MHz, fmod = 400 Hz,,:If = ± 75 kHz, Po = 50 mW, S1 in Position 1 


- 3 dB Limiting Sensitivity 
15 
45 
p.V 


Signal-te-Noise Ratio 
eFM=10mV 
50 
64 
dB 


Detector Output 
eFM= 10 mY,~f = ± 22.5 kHz 
40 
60 
85 
mV 


Measure at Top of Volume Control 


AM Rejection 
eFM= 10 mY, 30% AM Modulation 
40 
50 
dB 


Total Harmonic Distortion (THD) 
eFM= 10 mV 
1.1 
2 
% 


DYNAMIC CHARACTERISTICS-AUDIO 
AMPLIFIER ONLY: f = 1 kHz, eAM= 0, eFM= 0, S1 in Position 2 


Power Output 
THD = 10%, RL = 80 
Vs=6V 
250 
325 
mW 
Vs=9V 
500 
700 


Bandwidth 
AM Mode, Po = 50 mW 
11 
kHz 


FM Mode, Po = 50 mW 
22 
kHz 


Total Harmonic Distortion (THD) 
Po = 50 mW, FM Mode 
0.2 
% 


Voltage Gain 
41 
dB 


Typical Performance 
Characteristics 
(Test Circuit) All curves are measured at audio output 


Quiescent Supply Current 
vs Voltage 
FM Limiting Characteristics 
FM IF AM Rejection 
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SUPPl Y VOLTAGE (VI 
IF INPUT VOLTAGE lI.Nl 
IF INPUT VOLTAGE 
(pV) 


AM Characteristics 
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Power Dissipation vs Power 
Output, RL= all 
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OUTPUT POWER (wl 


Gain vs Frequency Audio 
Recovered Audio vs Supply 
Amplifier Only 
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10M 


SUPPLY 
VOLTAGE 
(V) 
FREQUENCY 
(Hz) 


Power Dissipation vs Power 
Distortion vs Frequency 


Out, RL=1611 
Audio Amplifier Only 


1.0 


I I 
I 
I 


5 


g 
POUT" 
50 mW 
~ 
f= 
1 kHz 
I 
I 
z 
RL -sn 
.• 
4 
~ 
0.8 
I I 
I 
I 
~ 
E 
0.6 
VS'" 12V 
to 
3 


ill 
/II 
J% THO 
C 
u 
C 
VS' 
BV ...r;r' 
~ 
0.4 
2 
u 
... 
10% THO 
~ 
/ 
~ 
X; 
I 
I 
~ 
AM/ 
/ 
0.2 


vs:'6v 
I 
I 
~ 
1 
/'T /FM 


I- 1 
I 
I 
~ 
0 
0 


0 
0.2 
0.4 
0.6 
O.S 
1.0 
1.2 
20 
50 
100 200 
500 
,. 
2k 
5k 
10k 20k 


OUTPUT 
POWER 
(W) 
FREQUENCY 
(Hz) 


~i 


I 
-=- 
I 
r'·"" 
I 
I 
I 
2"-=- 
I 
L 
I 
- 
~ 
L 
~ ~H~F 


"-_.../111 


'" 
lDI'F 
R6 


+~,,:'1,,~ 


O.lI'F 


A.TEN:~ 
~ 
~'.OO1 


3lpF 
43pF 


14 


C17 


~'~ 


----, 


10' 


C19r 


FM Pe,formance(88 
MHz·108 MHz) 


.30 dB quieting 
sensitivity: 
3.5 p.V 
• - 3 dB limiting 
sensitivity: 
7 p.V 


AM Perfo,mance(525 
kHz·1650 kHz) 


• Maximum 
sensitivity: 
100 jlV/m 
·20 
dB quieting sensitivity: 250 /AVlm 
• Tweet· 
worst case: 5% 
100 mV/m: 1.5% 


• Tweet is an audio tone produced 
by the 2nd and 3rd harmonic 
of the IF beating against the 
received signal. It is measured as an equivalent 
modulation 
level: Le., a30% 
tweet has the 
same amplitude 
at the detector 
as a desired 
signal 
with 30% modulation. 
rf~ 
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COMPONENT 
SlOE 
Typical Performance Characteristics 
Typical 
Application 
All curves are measured 
at audio 
output 


10 
5 
10 


'" 
•• 
S+ • 


E 
:;: 
-10 
"= 
-20 
a; 
'" 


-30 
•... 
:> 
-40 
•... 
:> 
C> 
-50 
C>g 
-60 
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Component 
TJ:II~:I 


AB 
16k 


A9 
240k 
C19 
1.F 


C7 
10 .F 


CB 
0.1.F 


C20 
0.1.F 
\ 
A10 
511 
J 


C21 
25O.F 


A1 
6k2 


A2 
12k 


A3 
5k6 


A4 
10k 


A6 
50k 


C1B 
0.02 .F 


A11, A12 
15011 


D1 
1N414B 


C1 


C2 


C4, C5 


C6,C9 


A5 


100 pF 


0.1.F 


0.01 JlF 


0.005.FI 
1k 


10.F 


0.1.F 


10.F 


0.1.F 


5O.F 


0.1.F 


3k 
I 
0.001.F 
1oo.F 


Removes 
tuner 
LO from 
IF input 


Antenna 
coupling 
capacitor 


FM IF decQupling capacitors 


AM 
smoothing/FM 
de-emphasis 
network, 
de- 


emphasis 
pole 
is given 
by: 


11" 
_1 
_ 


2'-(C6+C9l(::+:) 


Regulator 
decQupling 
capacitor 


Regulator 
decQupling 
capacitor 


AC 
coupling 
to volume 
control 


Power 
supply 
decQupling 


Power 
supply 
decQupling 


Audio 
amplifier 
input 
coupling 


Roll 
off 
signals 
from 
detector 
in the 
AM 
band 


to prevent 
radiation 


Power amplifier feedback decoupling, sets low 


frequency 
supply 
rejection 


'"E 
-10 


-20 
:> 
a; 
-30 


'" 
~ 


-40 


C> 
-50 
~ 


AM 
detector 
bias 
resistor 


Set AGe time 
constant 


IF decQupling 


IF decoupling 


High 
frequency 
load 
for audio 
amplifier, 


required 
to stabilize 
audio 
amplifier 


Output 
coupling 
capacitor 


Sets 
Q of quadrature 
coil, 
determining 
FM 
THO 


and 
recovered 
audio 


IF amplifier 
bias 
A 


Sets 
gain 
of AM 
IF and 
Q of AM 
IF output 
tank 


Detector 
load 
resistor 


Volume 
control 


Power 
supply 
d~coupJing 


Terminates 
the 
ceramic 
fitter, 
biases 
FM 
IF 


input 
stage 


Optional. 
Quickens 
the AGe response 
during 


turn 
on 


C1 
AM ANT 140 pF max 5.0 pF min 
FM 20 pF max 4.5 pF min 


AM OSC 82 pF max 5.0 pF min 
TaKa 
CY2·22124PT 
Trimmers 
5 pF 
T1 


Ll 
640 .H, au = 200 
AM antenna 


Rp=3k5@F=796kHz 
1 mV/meter 
induces 


(At secondary) 
approximately 
100 p.V 
open circuit 
at the secondary 


LO, L2 
360 .H, au>80 
@ F = 796 kHz 
TaKa 
RWO·6A5105 or 
3 


1E 


equivalent 


T2 


10.7 MHz ceramic 
filter 
MURATA SFE 10.7 mA or 
equivalent 


AM Section 


Most problems in an AM radio design are associated with 
radiation of undesired signals to the loopstick. Depending 
on the source, this radiation can cause a variety of prob- 
lems includir]g tweet, poor signal-te-noise, and low fre- 
quency oscillation 
(motor boating). Although the level of 
radiation from the LM1868 is low, the overall radio per- 
formance can be degraded by improper PCB layout. Listed 
below are layout considerations associated with common 
problems. 


1. Tweet: Locate the loopstick 
as far as possible from 
detector components 
C6, C9, R4, and R5. Orient C6, 


C9, R4, and R5 parallel to the axis of the loopstick. 
Return R8, C6, C9, and C19 to a separate ground run 
(see Typical Application 
PCB). 


2. Poor 
Slgnal.to·Nolse/Low 
Frequency 
Oscillation: 


Twist speaker leads. Orient R10and C20 parallel to the 
axis of thE: loopstick. 
Locate C11 away from the 
loopstick. 
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Qu> 70 @ 10.7 MHz, L to resonate 


w/82 pF @ 
10.7 MHz 


TOKO KAC·K2318 
or equivalent 


au> 
14 @ 455 kHz, L to resonate 
w/l60 
pF @ 455 kHz 
TaKa 
159GC·A3785 
or equivalent 


51~lClT 
Apollo 
Electronics 
NS·107C 


~ 
e..:.:...- 
or equivalent 


In general, radiation 
results from current flowing 
in a 
loop. In case 1 this current loop results from decoupling 
detector harmonics at pin 17;while in case 2, the current 
loop results from decoupling 
noise at the output of the 
audio amplifier and the output of the regulator. The level 
of radiation picked up by the loopstick is approximately 
proportional 
to: 1) 1/r3; where r is the distance from the 
center of the loopstick to the center of the current loop; 
2) SIN 8, where 8 is the angle between the plane of the 
current loop and the axis of the loopstick; 3) I, the cur- 
rent flowing 
in the loop; and 4) A, the cross-sectional 
area of the current loop. 


Pickup is kept low by short leads (low A), proper orienta· 
tion (8",0 soSIN 8"'0), maximizing distance from sources 
to loopstick, and keeping current levels low. 


FM Section 


The pinout of the LM1868 has been chosen to minimize 
layout problems, however some care in layout is required 
to insure stability. The input source ground should return 
to C4 ground.Capacitors C13and C18 form the return path 
for signal currents flowing in the quadrature coil. They 
should connect directly to the proper pins with short PC 
traces (see Typical Application 
PCB).The quadrature coil 
and input circuitry should be separated from each other as 
far as possible. 


Audio Amplifier 


The standard layout considerations 
for audio amplifiers 
apply to the LM1868, that is: positive and negative inputs 
should be returned to the same ground point, and leads to 
the high frequency load should be kept short. In the case 
of the LM1868 this means returning the volume control 
ground (R6)to the same ground point as C17,and keeping 
the leads to C20 and R10 short. 
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oscillator, 
an IF gain 
block, 
an envelope 
detector, 
AGC 


circuits 
for 
controlling 
the 
IF and 
mixer 
gains, 
and 
a 


switching 
circuit 
which disables 
the AM section 
in the FM 


mode. 


Signals 
from 
the antenna 
are AC-coupled 
into pin 7, the 
mixer 
input. 
This 
stage 
consists 
of a common-emitter 


amplifier 
driving 
a differential 
amp which 
is switched 
by 


the local oscillator. 
With 
no mixer AGC, the current 
in the 
mixer 
is 330 /lA; as the AGC is applied, 
the mixer current 
drops, 
decreasing 
the 
gain, 
and 
also 
the 
input 
impedance 
drops, 
reducing 
the signal 
at the input. 
The 


differential 
amp 
connected 
to 
pin 
8 forms 
the 
locai 
oscillator. 
Bias 
resistors 
are 
arranged 
to 
present 
a 
negative 
impedance 
at pin 8. The frequency 
of oscillation 
is 
determined 
by 
the 
tank 
circuit, 
the 
peak-to-peak 
amplitude 
is approximately 
300 /lA times 
the impedance 
at pin 8 in parallel 
with 8k2. 


After 
passing 
through 
the ceramic 
filter, 
the IF signals 
are applied 
to the IF input. Signals 
at pin 11 are amplified 
by two AGC controlled 
common-emitter 
stages 
and then 
applied 
to the 
PNP output 
stage 
connected 
to pin 
13. 


Biasing 
is arranged 
so that 
the current 
in the first 
two 


stages 
is set by the difference 
between 
a 250 /lA current 


source 
and the Darlington 
device 
connected 
to pin 12. 


When 
the 
AGC 
threshold 
is exceeded, 
the 
Darlington 


device 
turns 
ON, steering 
current 
away from 
the IF into 


ground, 
reducing 
the IF gain. 
Current 
in the IF is moni- 
tored by the mixer AGC circuit. 
When the current 
in the IF 
has dropped 
to 30 /lA, corresponding 
to 30 dB gain reduc- 


This 
causes 
the mixer 
current 
and input 
impedance 
to 
drop, as previously 
described. 


The IF output 
is level shifted 
and then peak detected 
at 


detector 
cap C1. By loading 
C1 with only the base current 


of the following 
device, 
detector 
currents 
are kept 
low. 


Drive from 
the AGC is taken 
at pin 14, while 
the AM de- 


tector 
output 
is summed 
with the FM detector 
output 
at 


pin 17. 


FM Section 


The FM section 
is composed 
of a 6-stage 
limiting 
IF driv- 
ing a quadrature 
detector. 
The IF stages are identical 
with 


the exceptions 
of the input stage, 
which 
is run at higher 
current 
to 
reduce 
noise, 
and 
the 
last 
stage, 
which 
is 


switched 
OFF in the AM mode_ The quadrature 
detector 


collectors 
drive a level shift arrangement 
which allows 
the 
detector 
output 
load 
to be connected 
to the 
regulated 
supply. 


Audio 
Amplifier 


The audio 
amplifier 
has an internally 
set voltage 
gain of 


120. The bandwidth 
of the audio amplifier 
is reduced in the 


AM mode so as to reduce the output 
noise falling 
in the 


AM band. The bandwidth 
reduction 
is accomplished 
by 


reducing 
the current 
in the input stage. 


Regulator 


A series 
pass regulator 
provides 
biasing 
for the AM and 
FM sections. 
Use of a PNP pass device allows 
the supply 


to drop to within 
a few hundred 
millivolts 
of the regulator 
output 
and still 
be in regulation_ 


~National 
~ 
Semiconductor 


LM1870 Stereo Demodulator with Blend 


The LM1870 is a phase locked 
loop FM stereo 
demodulator 


with 
a DC control 
pin for reducing 
noise 
by decreasing 


separation 
during 
weak signal 
conditions. 


• 
Blend 
control 


• 
Large input 
overload 


• 
Low beat note distortion 


• 
Low THD diode 
switching 
outputs 
• vca stop function 


• 
Wide 
supply 
range, 7V to 15V 


• 
Mono override 
pin 


• 
Automobile 
radios 


• 
Hi Fi receivers 
and tuners 


• 
High 
performance 
portable 
radios 


Order 
Number 
LM1870N 
See NS Package 
N20A 


TO"N'3i 


LM3189 


20k 


BlENO 
INPUT 


VOLTAGE 


+ 


*,2"' 


+ 


Lj': 


COMPOSITE 


INPUT 


C2 


2pF 
+ 


C3 
O'"'J 


ClI 
C9 
0.33"'1000"T 


-= 
":'" 


1 Quick Mono 


2 PLL Input 
3 V+ 


4 Lamp Filter and vea Stop 


5 lamp Filter 


R'O'~l 


11 Lamp Driver 


12 Right Output 


13 Left Output 


14 Right Gain and Oeemphasis 


15 Left Gain and Deem ph as is 


16 Blend Resistor and 19 kHz Test Point 


17 Blend Filter 


18 Blend Filter 


19 Audio Input 


20 Blend Control Voltage 


6 Loop Filter 


7 Loop Filter 


8 vea Tuning 


9 vea Tuning 


10 Ground 


0 
Absolute 
Maximum 
Ratings 
••••• 
CO 
,.... 
Supply Voltage, Pin 3 
15V 
:E 
Lamp Driver Voltage, Pin 11 
18V 
..J 
Output 
Voltage, Pin 12, 13, Supply Off 
7V 


Quick Mono Input (Pin 1) 
V+ (Pin 3) 


Blend Input (Pin 20) 
15V 


Operating 
Temperature 
Range 
OOCto + 70:'C 


Power Dissipation 
(Note 1) 
1W 


Storage Temperature 
- 65'C to + 125'C 


Lead Temperature 
(Soldering, 
10 seconds) 
300'C 
Electrical Characteristics 
TA=25°C, 
v+ =8V, 
Figure 
1 


Parameter 
I 
Conditions 
Min 
I 
Typ 
Max 
I 
Units 


DC 


Operating Supply Voltage 
7 
8 
15 
V 


Supply Current 
26 
45 
mA 


Input DC Voltage 
Pin 19 
V 


Input DC Voltage 
Pin 2 
1.8 
V 


Supply Rejection 
15 
30 
dB 


Lamp Leakage Current 
Lamp Off, Pin 11= 16V 
0.1 
100 
~A 


Lamp Saturation Voltage 
Lamp On, Pin 11@75mA 
1.4 
2.0 
V 


VCO Stop Voltage 
Voltage at Pin 4 to Stop VCO 
0.2 
0.4 
V 


VCO Stop Current 
Pin 4 =0.2V 
-30 
-100 
~A 


Blend Input Bias Current 
Pin 20=OV 
-2 
-20 
~A 


Quick Mono Switch Voltage 
V 


Quick Mono Bias Current 
Pin1=8V 
2 
~A 


Output Leakage 
Pin 12 or 13= 6.5V, Pin 3 = OV 
0.1 
20 
~A 


Audio 


Mono Gain 
1 kHz 
-4 
-1 
+2 
dB 


Mono THD 
1 kHz@200 mVrms 
0.05 
0.25 
% 


Channel Balance 
±0.4 
± 1.5 
dB 


Gain Shift 
Mono to Stereo 
±0.1 
± 1.0 
dB 


Channel Separation 
Pin 20", 1.1V 
30 
45 
dB 


Output DC Shift 
Mono to Stereo 
±15 
± 100 
mV 


Input Resistance 
Pin 19 
20 
40 
klJ 


Output Resistance 
Pin 12,13 
65 
200 
lJ 


Ultrasonic Rejection 
19 kHz + 38 kHz 
30 
dB 


SCA Rejection 
(Note 2) 
70 
dB 


Signal To Noise 
1 kHz@200 mVrms Mono 
68 
dB 


PLL 


Lamp On Voltage 
19 kHz on Pin 2 
15 
20 
mV 


Lamp Off Voltage 
19 kHz on Pin 2 
2.5 
5 
mV 


Lamp Hysteresis 
10 
dB 


Capture Range 
25 mVrms on Pin 2 
±2 
±4 
±6 
% 


Hold In Range 
25 mVrms on Pin 2 
±12 
% 


Input Resistance 
Pin 2 
8 
14 
klJ 


Blend 
Pin 20 from 1.1V to 0.2V 


Stereo Gain Change 
1 kHz L= -R 
Input 
-25 
-35 
dB 


Mono Gain Change 
1 kHz L= R Input 
-1.5 
-0.5 
0.5 
dB 
10 kHz L = R Input 
-8 
-14 
-20 
dB 


Output DC Shift 
±40 
±100 
mV 


Nole1: 
For operation 
in ambient temperatures 
above 25-c, the device must be derated based on a 150"C maximum junction 
temperature 
and a thermal 
resistance 
of 125 "OfW 
junction 
to ambient. 


Note 2: Input is 10% SeA (74.5 kHz), 9% pilot and 1 kHz left or right. Rejection 
is ratio of 1 kHz output to 1.5 kHz output. 


Recommended 
Purpose 
Allect 
Remarks 
Part II 
Value 
Smaller 
Larger 


R1 
100k 
Pull Up lor 
OK 
Errors 
Due to 
Pin 1 Can Be 


Quick 
Mono 
Pin 1 Bias 
Shorted 
to Supply 
Current 
il Quick 
Mono 
is 
Not Used 


C2 
2 "F 
PLL Input 
Loading 
of 
For Source 
01 Less 
Coupling 
Source 
varies 
Than 100n, Can 


with 
Frequency 
Use 0.11'F 


C3 
0.11'F 
Supply 
Bypass 


C4 
0.22 "F 
Lamp 
Filter 
Shorter 
Time to 
Longer 
Time to 
High 
Dielectric 


Switch 
Mono to 
Switch 
Mono to 
Resistance 


Stereo 
Stereo 


R6 
3k 
High Stereo 
Narrower 
C6 
0.047 "F 
Loop Filter 
Distortion 
Capture 
Range 
C7 
0.33 "F 


R8 
33k 
High Stereo 
Loop not Lock 


Loop Filter 
Distortion 


C8 
0.0047 "F 
Narrower 
Capture 
Range 


C9 
1000 pF 
Set VCO 
High VCO Jitter 
Narrower 
NPO 5% 


R9 
8.2k 
Free Running 
Capture 
Range 


R10 
5k 
Frequency 
VCO Not Adjustable 
with 
C9 
Metallilm 


R11 
180n 
Sets 
Lamp 
Excess 
IC 
Dim Lamp 
Current 
Dissipation 


R14 
7.5k 
Load Resistors 
Low Output 
Output 
Clip 
R15 
7.5k 
Voltage 
Earlier 


C14 
0.01 "F 
Deemphasis 
C15 
0.01 "F 


R16 
3k 
Sets Blend 
Characteristic 
I 
See Curves 


C17 
0.0047 "F 
Filter 
lor 
Insufficient 
Reduced 
Blend 
C18 
0.0047 "F 
Blend 
Blend 
Bandwidth 


C19 
2 "F 
Audio 
Input 
Poor Low Fre- 
Turn On Delay 
Coupling 
quency 
Response 
and Separation 


R19 
15k 
Allows 
VCO 
Excess 
IC 
Reduces 
19 kHz 
Only Need During 
Monitoring 
Dissipation 
Output 
Voltage 
Set Up 


Supply 
Current 
vs 
Supply Voltage 
Lamp Driver Voltage 
vs 
Current 


4.0 


3.5 


? 
3.0 
~ 
2.5 
'"~ 


2.0 
0>:: 
1.5 
z 
1i: 
1.0 


0.5 
-- 
- 
./ ./ 


CURREN:J- 


LIMIT 
V 
/" 
/ 
/ 


'''ltHZ 
/ 
/ 


Al <7.5k 
/ 
NOT 


RECOMMENDED 
V 
" 
" 
Rl>9.1k 
" 
NOT 


RECOMMENDED 


FOR 
VS"'8V 


24 
1 
B 
9 
10 
11 
12 
13 
14 
15 


SUPPLY 
VOLTAGE 
(V) 


o 
o 
50 
100 
150 
200 
250 
300 


PIN 
11 
CURRENT 
(mAl 


Gain 
Change 
vs 


Temperature 


.•.... •.•.... 


.•.... •.•.... 


.....••.•.... 


.•.... •.•.... 


Lamp 
OnlOff 
vs 


Temperature 


20 


g 
15 
;; 
E 
,. 
10 


•... 
0 


;;:: 


ON 
I--- 
-- 


OFF 


25 
50 


TEMPERATURE 
(OCl 


60 


50 
~ 
z 
0 
>= 
'0 


~ 
30 


20 


~1l0~ 
lEVEl 
20mV 
tL , 


". 
[7 
"..•.••.•.... 


Total 
Harmonic 
Distortion 


vs Frequency 


0.5 


g 
0.' 
0w~ 
•... 
0.3 
~ 
0 
0 
0.2 
z 
0 
" 
0 
'" 
0.1 
•... 


VIN 
"'SOOmV 
OUTPUT 
(Ul TRASONICSI 
Fit 
HAEO 


.- 


a 
50 
100 
200 
500 
1k 
2k 
5k 
10k 15k 


FREQUENCY 
(Hz) 


r-.... 


> 
uz 
" 19.000 
~ 
0u,. 18.900 


18,800 
-1.0 


9 
10 
11 
12 
13 
14 
15 


SUPPl 
Y VOLTAGE 
IV) 


Lamp 
On/Off 
vs Resistance 
Pin 4 to 5 


80 


70 


60 
;; 
E 
50 
,. 
ON 
'0 
s~ 


•... 


30 
0 


;;:: 
20 f-- 


10~ 
~I-- 
10 
II 
a 
- 


10k 
lOOk 
1M 


EXTERNAL 
RESISTANCE 
PIN 4 TO 5 (m 


Capture 
Range 
vs Pilot 
Level 


80 


70 


;; 
60 
E 
50 
; 
.0 
•... 


30 
0 


;;:: 
20 


10 


1\ 
/ 


'fo· r- .... 


50 


'0 
~ 
z 
30 
0i 
20 


10 


..- 
.•.... 


1.0 
19)00 


g 
0.5 ~ '" 


19.100 


m 
> 
~ z 
~ 


w" 19,000 


n ~ 
'"§ 
0 
-0.5 
,. 18,900 
g 


VCO Temperature 
Stability 


1.0 


..•....r--. 
I--- 


25 
50 


TEMPERATURE 
re) 


60 


50 
-z 
0 
>= 
.0 
~ 
~ 
30 
-r--. 


Total 
Harmonic 
Distortion 


vs Input 
Level 


t.O 


g 
0~ 
I;;~ 
O.t 
0 
0z 
0 
" 
0 
'" 
•... 


- 
~10kHl 
~ 
- / 


1 kHz 


0.01 
o 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 


MONO 
INPUT 
lEVEl 
(Vrms) 


Power 
Supply 
Rejection 
Ratio 
vs Frequency 


g 


0.5 
%I 


~ 
n 
'"l; 


-0.5 ~ 


g 


L + R Frequency 
Response 
with 
Blend 
Control 
10 


I 
lPINJo;.la 


A16= 
Jk 


0 


V~'N2r00i'~ 
;;; 
'"z 
-10 
~ 
vPIN20oo.61 \~ 
'" 
-20 
JPIN~ooo~L~ 
r 
I 
I 
-30 
VplN 20; 
0.4 


-40 
I 
I 
I 


50 100200 500 1k 1k 
5k 
lDk1Sk 


FREQUENCY 
(Hz) 


L-R Gain 
vs Blend 
Control 
'0 


0 TI,J16J12k 


-10 
I 
//tA"" 
R1606k 
! -20 
1/ 
R+LI- 


z~ -30 


R16'Jk--I- 
'" 
-40 
.!. 
-~,I 
-50 


-60 


-70 
o 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


BLEND CONTROL 
VOLTAGE 
IVI 


Application Hints 


Blend-What 
& Why? 


Thesignal 
tonoiseof 
a weak FM stereo signal 
isworsethan 
that of an equally 
weak FM mono signal. 
Forthis 
reason 
FM 
mono 
radios 
often 
perform 
better 
than 
FM stereo 
radios, 


unless 
the latter 
is forced 
into mono. 


The typical 
quieting 
curves 
of an FM stereo 
radio 
look like 
this: 


Typical 
Radio 
Quieting 
Characteristic 


10 
'START o~~ll~ITtNG 


o 
f. 
"" 
V 
:~~~ciERED 
; 
-to 


~ 
-20 
\ 
lJ- 


~ 
-3D 
.---.: 
_ 
NOI~NOISE 
]IIT 


WITH'" 
MONO 
BLEND 
•.•• 
••••• 


-40 
NOliE 
--- 
•...••• 


-50 
1 
2 
3 
5 
10 
20 
30 
50 
100 


RF INPUT (pV) 


If an acceptable 
signal 
to noise 
is 40 dB, then 20 dB more 
signal 
is required 
in stereo compared 
to mono,30/,Vvs3/,V. 
The degradation 
in noise 
is due to the 
L·R or difference 


channel. 
If the gain 
of the L·R is reduced, 
then 
the noise 
associated 
with 
it will be reduced. 
However, 
there will also 
be a reduction 
in separation. 


To maintain 
a 40 dB signal 
to noise 
in the above example, 
the 
gain 
of the 
L-R signal 
should 
be reduced 
from 
0 dB 
gain@30 
/,V downward 
to 
- 20 dB at 3/'V. 
If this 
is done 
properly 
the dashed 
line will 
result. 
Below 
is a plot of L-R 
gain and resulting 
separation. 


L-R Gain 
and Separation 
vs 
RF Input 
Level with 
Blend 


10 
- 
111 
0_ 
L.u 


.,.( 
GAIN 


1\ 


-10 - 


-20 - 


-30 - 


-40 - 


-50 - 
1 
2 3 I"'" 


s 
10 
20]050 
100 


RF INPUT (~V) 


L·R Frequency 
Response 
with 
Blend 
Control 


VPIN2000.7 
I 
1 
; 
z 
-10 - 
- 
vPIN,~o o.~ 


~ 
-20 
VplN 20 " 0.5 


I VplN20',0.3 


-40 
50100200 
500 
lk 
2k 
5k 
tDk15k 


FREQUENCY 
(Hz) 


The LM1870 reduces 
the gain of the L-R channel 
before 
it is 


demodulated. 
This is done by a voltage 
controlled 
shelving 
filter. 
The Bode plot of this 
filter 
is shown 
below: 
Blend 
Filter 
Response 
10.-- 


0 ---- 
; -10 I- 


z 
-20 I- 
0 


'" 
-30 I- 


I III 
I 
III 


FREOUENCY 
1">1 


The full blend response 
is a two pole roll·off 
with each pole 


set by an internal 
6.8k resistor 
and the capacitance 
from 
pins 
17 and 
18 to 
ground. 
The 
standard 
value 
for 
both 


capacitors 
is 4.7 nF resulting 
in two 5 kHz poles. The blend 


input 
(pin 20) is derived 
from 
the meter 
drive output 
of the 


FM IF chip 
(LM3089 
or LM3189 
pin 13). To adjust 
for var· 


iations 
in RF gain 
and other 
IC parameters, 
it is recom· 
mended 
that an adjustment 
be made on each radio. 


Mono-Stereo 
Switching 


The LM1870 automatically 
switches 
from 
mono 
to stereo 
when the level of pilot 
at pin 2 is about 
15 mV or more. This 


value can be increased 
by putting 
a resistor 
between 
pins4 


and 5, as shown 
graphically 
in the Typical 
Performance 


curves. 


If it is desired 
to switch 
to mono 
without 
turning 
off 
the 
lamp driver, pin1 should 
betaken 
below4V. 
This isahigh 
im· 
pedance 
input 
that 
can 
be electronically 
switched 
by a 
transistor 
with 
a pull up resistor 
to the IC supply. 


Outputs 


The LM1870 has emitter·followeroutputs 
resulting 
in a low 


output 
impedance. 
The output 
wll sink or source 
one mA, 


therefore 
it will drive AC coupled 
loads 
greater 
than 2 kG. 


In AM-FM 
radios the switching 
can be cumbersome 
at best. 


To ease the problem 
the outputs 
of the LM1870 (pins 12 and 
13) are open 
circuit 
when 
the 
supply 
(pin 
3) is open 
or 


grounded. 
This 
reduces 
the 
numbered 
switch 
poles 
re- 


quired 
since the outputs 
can remain 
connected 
atall 
times. 


This technique 
is commonly 
called 
diode switching 
but the 


method 
used in the LM1870 results 
in substantially 
lower 


distortion 
than obtained 
with discrete 
diodes. 
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Application Hints (Continued) 


VCO 


The stereo 
performance 
of the LM1870 is very constant 
for 
small 
«2%) 
changes 
in the free running 
frequency 
of the 
vca. 
To insure 
that 
the frequency 
stays 
within 
2%, 
low 
temperature 
coefficient 
components 
should 
be used 
for 
the tuning 
capacitor 
(1000 pF) and resistor 
(8.2k). The inter- 
nal oscillator 
has a temperature 
coefficient 
of about 
50 
ppm/"C 
(see curve). With an NPa capacitor 
and a metalfilm 
resistor 
the total variation 
in the free running 
frequency 
will 
be less than 1% overthe 
full temperature 
range. Tuning the 
vca 
is done 
by adjusting 
the 5 kll potentiometer 
to get 19 
kHz ± 50 Hz with 
no input 
on pin 2. 


The vca 
frequency 
is monitored 
at pin 16 when 
current 
is 
supplied 
to the 
pin. 
During 
normal 
operation 
the 19 kHz 
square 
wave is not available 
and the resistor 
from pin 16 to 
ground 
programs 
the blend characteristics 
(see curves). 


The vca 
of the LM1870 can be stopped 
by taking 
pin 4 low. 
In addition 
to being 
useful 
for turning 
off 
the 
stereo 
in- 
dicator 
and forcing 
mono 
FM reception, 
this 
also 
allows 
other mono sources, 
such as AM, to be fed into the decoder 
and 
come 
out 
both 
channels. 
The signal 
will 
not 
be in- 
advertently 
decoded 
with 
the vca 
off and it will 
have the 
same gain and balance 
characteristics 
as the FM. The de- 
emphasis 
capacitors 
may need to be removed 
for proper 
frequency 
response. 
The voltage 
on pin 20 will also affect 
the frequency 
response. 


It should 
be noted 
that a stopped 
vca 
cannot 
radiate 
into 
the rest of the radio 
and cause 
interference. 
Pin 4 can be 
taken 
low with a mechanical 
switch 
or an N PN transistor. 
If 
a transistOr 
is used 
it must 
have 
low leakage, 
less 
than 
100 
nA 
at 
3 volts 
V CE> 
and 
low 
saturation, 
less 
than 
200 mV at 100 I-'A collector 
current. 


PLL 


To properly 
demodulate 
the L·R signal 
the decoder 
must 
generate 
a 38 kHz signal 
that is locked 
in phase with the 19 
kHz pilot 
signal 
at the 
input. 
This 
is done 
with 
a phase 
locked 
loop 
consisting 
of a phase 
detector, 
a loop 
filter 
(pins 6 and 7) and a vca 
(pins 8 and 9). 


The 
loop 
filter 
is 
similar 
to 
other 
standard 
decoders 
however 
the vca 
incorporates 
an additional 
low pass filter 
(4.7 nF and 33 kG) to reduce 
beat 
note distortion 
an addi- 
tional 
20 dB. 


Input 
Interface 


There are two inputs 
to the LM1870, one for the PLL (pin 2) 
and the normal 
audio input (pin 19). The input 
impedance 
of 
the audio 
input isabout40 
kll. The input coupling 
capacitor 
works with this input resistance 
and sets the low frequency 
response 
and separation. 


The PLL input (pin 2) locks onto the 19 kHz pilot 
and rejects 
the rest of the composite 
signal. 
For this 
reason 
it is only 
necessary 
to 
use a coupling 
capacitor 
large 
enough 
to 
insure there is no phase shift at 19 kHz. The input resistance 
of the PLL is 14 kG so acapacitorbetween 
0.011-'Fand 0.11-'F 
would 
be fine. However, 
the source 
driving 
this 
input 
must 
not 
be affected 
by this 
load. 
This 
is true 
only 
when 
the 
source 
is low impedance 
(less than 100ll). 


Typical 
FM IF circuits 
have detector 
output 
impedanceof5 
kG or 
more. 
This 
will 
cause 
very 
poor 
low 
frequency 
response 
and separation 
unless 
the loading 
is made con- 
stant 
over frequency. 
For this reason 
the typical 
input 
cou- 
pling 
capacitor 
is 21-'F. 


IF Correction 


The separation 
in most radios 
is limited 
by the response 
of 
the IF. The input 
lead network 
below 
can often 
be used to 
improve 
radio separation. 


2pF 


r-oTO 
PIN2 


1 pF 


r-oTO 
PIN19 


Power Supply 


The LM1870 is designed 
to work on supplies 
from 7V to 15V. 


For automotive 
applications 
a regulator 
is recommended 
to protect 
against 
transients; 
the LM2930-8V 
is the ideal 
choice. 


~National 
~ 
Semiconductor 


LM1877 Dual Power Audio Amplifier 


General 
Description 


The 
LM1877 
is 
a monolithic 
dual 
power 
amplifier 
designed 
to 
deliver 
2W/channel 
continuous 
into 
8n 


loads. The LM1877 
is designed to operate with 
a low 
number 
of 
external 
components, 
and 
still 
provide 
flexibility 
for use in stereo phonographs, tape recorders 
and AM-FM 
stereo receivers, etc. Each power amplifier 
is biased from 
a common 
internal 
regulator to provide 
high 
power supply 
rejection, 
and output 
Q point 
cen- 
tering. 
The 
LM1877 
is internally 
compensated for 
all 
gains greater than 10. 


• 
2W/channel 
• 
-65 
dB ripple rejection, output 
referred 


• 
-65 
dB channel separation, output 
referred 


• 
Wide supply range, 6-24 V 


• 
Very low cross-over distortion 


• 
Low audio band noise 


• 
AC short circuit 
protected 


• 
Internal thermal shutdown 


• 
Multi-channel 
audio systems 


• 
Stereo phonographs 


• 
Tape recorders and players 


• 
AM-FM 
radio receivers 


• 
Servo ampl ifiers 


• 
Intercom systems 


• 
Automotive 
products 


13 
OUTPUT 
2 


12 GNO 


Order 
Number 
LM1877N 
See NS Package 
N14A 


Operating 
Temperature 
OuC to +70 


QC 


Storage Temperature 
-65 


QC 
to +150 


QC 


Junction 
Temperature 
150°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Cha racteristics 
Vs = 20V, TA = 25°C, RL = sn, 
AV = 50 (34 dB) unless 
otherwise 
specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Total Supply CL:rrent 
Po = OW 
25 
50 
mA 


Output 
Power 
THD = 10% 


LM1877N 
Vs = 20V. RL = 8n 
2.0 
W 


Total 
Harmonic 
Distortion 


LM1877 
f= 
1 kHz, VS= 
14V 


Po = 50 mW/Channel 
0.075 
% 


Po = 500 mW/Channel 
0.045 
% 


Po = lW/Channel 
0.055 
% 


Output 
Swing 
RL=8n 
VS-6 
Vp·p 


Channel Separation 
CF=50~F.CIN=0.1~F,f= 
1 kHz, 


Output 
Referred 


Vs = 20V, Vo 
= 4 Vrms 
-50 
-70 
d8 


Vs = 7V, Vo = 0.5 Vrms 
-60 
d8 


PSRR Power Supply 
CF=50~F,CIN=0.1~F,f= 
120Hz, 


Rejection 
Ratio 
Output 
Referred 


Vs = 20V, VRIPPLE 
= 1 Vrms 
-50 
-65 
d8 


Vs = 7V, VRIPPLE 
= 0.5Vrms 
-40 
d8 


Noise 
Equivalent 
Input Noise 


RS = 0, CIN = 0.1 J-lF, 8W = 20 Hz-20 
kHz 
2.5 
J-lV 


Output 
Noise Wideband 


RS = O. CIN = 0.1 ~F, AV = 200 
0.80 
mV 


Open Loop Gain 
RS = O. f = 100 kHz, RL = 8n 
70 
dB 


Input Offset Voltage 
15 
mV 


Input Bias Current 
50 
nA 


Input 
Impedance 
Open Loop 
4 
Mn 


DC Output 
Level 
VS = 20V 
9 
10 
11 
V 


Slew Rate 
2.0 
V/~s 


Power Bandwidth 
65 
kHz 


Current 
Limit 
1.0 
A 


Note 
1: 
For operation 
at ambient 
temperature 
greater than 25°C. 
the LM1877 
must be derated 
based on a maximum 
150°C 
junction 
temperature 
using a thermal 
resistance which 
depends upon device mounting 
techniques. 


Typical Performance 
Characteristics 
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LM1894 Dynamic Noise Reduction System DNR™ 


The LM1894 is a stereo noise reduction 
circuit 
for use with 


audio 
playback 
systems. 
The 
DNR 
T 
'" 
system 
is 
non- 


complementary, 
meaning 
it does 
not 
require 
encoded 


source 
material. 
The system 
is compatible 
with 
virtually 


all prerecorded 
tapes 
and FM broadcasts. 
Psychoacous- 
tic masking, 
and an adaptive 
bandwidth 
scheme 
allow the 


DNRT'" 
to achieve 
10 dB of noise 
reduction. 
DNRT'" 
can 


save circuit 
board space and cost because 
of the few addi- 
tional 
components 
required. 


• 
Non-complementary 
noise reduction, 
"single 
ended" 


• 
Low cost external 
components, 
no critical 
matching 


• 
Compatible 
with all prerecorded 
tapes 
and FM 


• 
10dBeffectivetapenoise 
reductionCCIR/ARM 
weighted 


• 
Wide supply 
range, 4.5V to 18V 


• 
1 Vrms input overload 


• 
No license 
requirements 


• 
Automotive 
radio/tape 
players 


• 
Compact 
portable 
tape players 


• 
Quality 
HI-FI tape systems 


• 
VCR playback 
noise reduction 


• 
Video disc playback 
noise reduction 
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is a trademark 
of National 
Semiconductor 
Corp. 


The DNR™ 
system 
is licensed 
to National 
Semiconductor 
Corp. 
under U.S. paten I 3,678,416 
and 3,753,159. 
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Electrical Characteristics 


Vs= 
BV, TA= 25°C, VIN =300 
mV at 1 kHz, circuit 
shown 
in Figure 1 unless 
otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Operating 
Supply Range 
4.5 
8 
18 
V 


Supply Curr~nt 
Vs=8V 
17 
25 
mA 


MAIN SIGNAL PATH 


Voltage Gain 
DC Ground Pin 9, Note 2 
-0.9 
-1 
-1.1 
VIV 


DC Output Voltage 
3.7 
4.0 
4.3 
V 


Channel Balance 
DC Ground Pin 9 
-1.0 
1.0 
dB 


Minimum 
Bandwidth 
AC Ground Pin 9 with 0.1 ~F 
675 
965 
1400 
Hz 


Capacitor, 
Note 2 


Maximum 
Bandwidth 
DC Ground Pin 9, Note 2 
27 
34 
46 
kHz 


Effective 
Noise Reduction 
CCIR/ARM Weighted, 
Note 3 
-10 
-14 
dB 


Total Harmonic 
Distortion 
DC Ground Pin 9 
0.05 
0.1 
% 


Input Headroom 
Maximum V,N for 3% THO 
1.0 
Vrms 
AC Ground Pin 9 


Output Headroom 
Maximum 
VOUTfor 3% THO 
Vs-1.5 
Vp·p 
DC Ground Pin 9 


Signal to Noise 
BW = 20 Hz-20 kHz, re 300 mV 
AC Ground Pin 9 
79 
dB 
DC Ground Pin 9 
77 
dB 
CCIR/ARM Weighted re 300 mY, 
Note 4 
AC Ground Pin 9 
82 
88 
dB 
DC Ground Pin 9 
70 
76 
dB 
CCIR Peak, re 300 mY, Note 5 
AC Ground Pin 9 
77 
dB 
DC Ground Pin 9 
64 
dB 


Input Impedance 
Pin 2 and Pin 13 
14 
20 
26 
kO 


Channel Separation 
DC Ground Pin 9 
-50 
-70 
dB 


Power Supply Rejection 
C14 = 100 ~F, VRIPPLE= 500 
mVrms, 
-40 
-56 
dB 
f= 1 kHz 


Output DC Shift 
Reference DVM to Pin 14 and 
4.0 
20 
mV 
Measure Output DC Shift from 
Minimum to Maximum 
Band· 
width, Note 6. 


CONTROL SIGNAL PATH 


Summing 
Amplifier 
Voltage Gain 
Both Channels 
Driven 
0.9 
1 
1.1 
VIV 


Gain Amplifier 
Input Impedance 
Pin 6 
24 
30 
39 
kO 


Voitage Gain 
Pin 6 to Pin 8 
21.5 
24 
26.5 
VIV 


Peak Detector Input Impedance 
Pin 9 
560 
700 
840 
0 


Voltage Gain 
Pin 9 to Pin 10 
30 
33 
36 
VIV 


Attack Time 
Measured to 90% of Final Value 
300 
500 
700 
~s 


with 10 kHz Tone Burst 


Decay Time 
Measured to 90% of Final Value 
45 
60 
75 
ms 


with 10 kHz Tone Burst 


DC Voltage Range 
Minimum 
Bandwidth 
to Maximum 
1.1 
3.8 
V 


Bandwidth 


Note 
1: For operation 
in ambient 
temperature 
above 2S·C, the device 
must 
be derated 
based 
on a 1SO·C maximum 
junction 
temperature 
and a thermal 


resistance 
of so·cm junction 
to ambient. 


Note 2: To force 
the DNA™ 
system 
into 
maximum 
bandwidth, 
DC ground 
the input 
to the peak detector, 
pin 9. A negative 
temperature 
coefficient 
of 


_ O.S%'·C 
on the bandwidth, 
reduces 
the maximum 
bandwidth 
at increased 
ambient 
temperature 
or higher 
package 
dissipation. 
AC ground 
pin 9 or pin 6 to 
select 
minimum 
bandwidth. 
To change 
minimum 
and maximum 
bandwidth, 
see Application 
Hints. 


Note 3: The maximum 
noise reduction 
CCIAIARM 
weighted 
is about 
14 dB. This is accomplished 
by changing 
the bdndwidth 
from maximum 
to minimum. 
In 
actual 
operation, 
minimum 
bandwidth 
is not selected, 
a nominal 
minimum 
bandwidth 
of about 2 kHz gives 
-10 
dB of noise reduction. 
See Application 
Hints. 


Note 4: The CCIRIARM 
weighted 
noise is measured 
with 
a 40 dB gain amplifier 
between 
the DNR™ 
system 
and the CCIR weighting 
filter; 
it is then input 
referred. 


Note 5: Measured 
using the Rhode·Schwartz 
psophometer. 


Note 6: Pin 10 is DC forced half way between 
the maximum 
bandwidth 
DC level and minimum 
bandwidth 
DC level. An AC 1 kHz signal 
is then applied 
to pin 10. 
Its peak-ta-peak 
amplitude 
is VOC (max BW) - VOC (min BW). 


Supply Current vs Supply 
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- 3 dB Bandwidth vs 
Frequency and Control 
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Output) vs Frequency 
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Output Response 


External Component Guide (Figure 
1) 


Component 
Value 
Purpose 


C1 
0.1I'F-100 
I'F 
May be part of power 
supply, 
or may be added 
to suppress 
power 
supply 
oscillation. 


Blocks 
DC, pin 
2 and 
pin 
13 
are at DC potential 
of Vs/2. C2, 
C13 form a low frequency 
pole 
with 
20k R1N. 


1 
fL=---- 


27rC2 
R1N 


25I'F-100I'F 
Improves 
power 
supply 
rejection. 


Forms 
integrator 
with internal 
gm 
block 
and 
op 
amp. 
Sets 
bandwidth 
conversion 
gain of 
27 HZ/I'A of gm current. 


Output 
coupling 
capacitor. 
Output 
is at 
DC potential 
of 


Vs/2. 


Works 
with 
R1 and 
R2 to at· 
tenuate 
low 
frequency 
tran- 
sients 
which 
could 
disturb 
control 
path operation. 


f 
= 
1 
=1.6kHz 
5 
27rC5 
(R1 + R2) 


Works 
with 
input 
resistance 
of pin 6 to form 
part of control 
path 
frequency 
weighting. 


f6= 
1 
=5.3kHz 
27rC6 
RplN 6 


Combined 
with 
L8 
and 
CL 
forms 
19 
kHz 
filter 
for 
FM 
pilot. 
This 
is only 
required 
in 
FM applications 
(Note 
1). 


Forms 
19 kHz 
filter 
for 
FM 
pilot. 
L8 
is 
Toko 
coil 
CAN-1A185HM' 
(Note 
1). 


Works 
with 
input 
resistance 
of pin 9 to form 
part of control 
path 
frequency 
weighting. 


fg= 
1 
-4.8kHz 
27rC9 
RpIN9 
Sets attack 
and decay 
time of 
peak detector. 


Sensitivity 
resistors 
set 
the 
noise 
threshold. 
Reducing 
at- 


tenuation 
causes 
larger 
signals 
to 
be 
peak 
detected 
and larger 
bandwidth 
in main 
signal 
path. 
Total 
value 
of 
R1 + R2 should 
equal 
1 kit 


Forms 
RC 
roll-off 
with 
C8. 


This 
is 
only 
required 
in 
FM 
applications. 
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Note 1: When FM applications 
are not required, pin 8 and pin 9 hook-up 
as follows: 


4.7 mH, 


0.0151'F 


C9 
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'''7"F 


9 
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lM1894 
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The LM1894 has two signal 
paths, 
a main signal 
path and a 
bandwidth 
control 
path. 
The 
main 
path 
is an audio 
low 
pass filter 
comprised 
of a gm block 
with a variable 
current, 
and 
an op amp 
configured 
as an integrator. 
As seen 
in 
Figure 
2, DC feedback 
constrains 
the low frequency 
gain 
to Av= 
-1. 
Above 
the 
cutoff 
frequency 
of the 
filter, 
the 
output 
decreases 
at 
- 6 dB/oct 
due to the 
action 
of the 
0.0039 I'F capacitor. 


The purpose 
of the control 
path is to generate 
a bandwidth 
control 
signal 
which 
replicates 
the 
ear's 
sensitivity 
to 
noise 
in the 
presence 
of a tone. 
A single 
control 
path 
is 
used 
for 
both 
channels 
to 
keep 
the 
stereo 
image 
from 
wandering. 
This 
is done 
by adding 
the right 
and left chan- 
nels together 
in the summing 
amplifier 
of Figure 
2. The R1, 


R2 resistor 
divider 
adjusts 
the 
incoming 
noise 
level 
to 
open slightly 
the bandwidth 
of the low pass filter. 
Control 
path 
gain 
is about 
60 dB and 
is set by the gain 
amplifier 
and 
peak 
detector 
gain. 
This 
large 
gain 
is needed 
to en- 
sure the low pass 
filter 
bandwidth 
can be opened 
by very 
low 
noise 
floors. 
The capacitors 
between 
the 
summing 
amplifier 
output 
and 
the 
peak 
detector 
input 
determine 
the frequency 
weighting 
as shown 
in the typical 
perform- 
ance 
curves. 
The 1 I'F capacitor 
at pin 10, in conjunction 
with 
internal 
resistors, 
sets 
the attack 
and 
decay 
times. 


The voltage 
is converted 
into a proportional 
current 
which 
is fed into the gm blocks. 
The bandwidth 
sensitivity 
to gm 
current 
is 27 HzlI'A. 
In FM stereo 
applications 
a 19 kHz 
pilot 
filter 
is inserted 
between 
pin 8 and pin 9 as shown 
in 
Figure 
1. 


Figure 
3 is an interesting 
curve and deserves 
some discus- 


sion. Although 
the output 
of the DNR™ system 
is a linear 
function 
of input 
signal, 
the 
- 3 dB bandwidth 
is not. This 
is due 
to the 
non-linear 
nature 
of the 
control 
path. 
The 
DNR™ 
system 
has 
a uniform 
frequency 
response, 
but 
iooking 
at the 
- 3 dB bandwidth 
on a steady 
state 
basis 
with a single 
frequency 
input can be misleading. 
It must be 
remembered 
that 
a single 
input 
frequency 
can only give a 
single 
- 3 dB bandwidth 
and the 
roll-off 
from 
this 
point 
must 
be a smooth 
- 6 dB/oct. 


A more accurate 
evaluation 
of the frequency 
response 
can 
be seen 
in Figure 
4. In this 
case 
the 
main 
signal 
path 
is 
frequency 
swept, 
while 
the 
control 
path 
has a constant 
frequency 
applied. 
lt can 
be seen 
that 
different 
control 
path 
frequencies 
each 
give a distinctive 
gain 
roll-off. 


Psychoacoustic 
Basics 


The dynamic 
noise 
reduction 
system 
is a low 
pass 
filter 
that 
has a variable 
bandwidth 
of 1 kHz to 30 kHz, depend- 
ent on music 
spectrum. 
The DNR™ 
system 
operates 
on 
three 
principles 
of psychoacoustics. 


1. White 
noise 
can 
mask 
pure 
tones. 
The 
total 
noise 
energy 
required 
to mask a pure tone must equal the energy 
of the tone 
itself. 
Within 
certain 
limits, 
the wider 
the band 
of masking 
noise 
about 
the tone, the lower 
the noise 
amp- 
litude 
need be. As long as the totai 
energy 
of the noise 
is 
equal to or greater 
than the energy 
of the tone, the tone will 
be inaudible. 
This 
principle 
may be turned 
around; 
when 
music 
is present, 
it ·is capable 
of masking 
noise 
in the 
same 
bandwidth. 
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4. 
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YS Frequency 


and Control 
Signal 


3. Reducing 
the audio bandwidth 
reduces the audibility 
of 
noise. Audibility 
of noise is dependent 
on noise spectrum, 
or how 
the 
noise 
energy 
is distributed 
with 
frequency. 
Depending 
on the tape and the recorder 
equalization, 
tape 
noise spectrum 
may be slightly 
rolled 
off with 
frequency 
on a per octave 
basis. The ear sensitivity 
on the other hand 
greatly 
increases 
between 
2 kHz and 10 kHz. Noise in this 
region 
is extremely 
audible. 
The DNRT'" 
system 
low pass 
filters 
this noise. 
Low frequency 
music 
will 
not apprecia- 
bly open the DNRT'" 
bandwidth, 
thus 2 kHz t020 
kHz noise 
is not heard. 


Application Hints 


The DNRT'" 
system 
should 
always 
be placed 
before 
tone 
and volume 
controls 
as shown 
in Figure 
1.This is because 
any adjustment 
of these 
controls 
would 
alter 
the noise 
floor 
seen 
by the 
DNRT'" 
control 
path. 
The 
sensitivity 
resistors 
R1 and R2 may need to be switched 
with the in- 
put selector, 
depending 
on the 
noise 
floors 
of different 
sources, 
i.e., tape, FM, phono. To determine 
the value of R1 
and R2 in a tape system 
for instance; 
apply tape noise (no 
program 
material) 
and adjust 
the 
ratio 
of R1 and 
R2 to 
open slightly 
the bandwidth 
of the main signal 
path. This 
can easily 
be done by viewing 
the capacitor 
voltage 
of pin 
10 with an oscilloscope, 
or by using the circuit 
of Figure 
5. 
This circuit 
gives an LED display 
of the voltage 
on the peak 
detector 
capacitor. 
Adjust 
the values 
of R1 and R2 (their 
sum is always 
1 kO) to light the LEDs of pin 1 and pin 18. 
The 
LED bar graph 
does 
not 
indicate 
signal 
level, 
but 
rather 
instantaneous 
bandwidth 
of 
the 
two 
filters; 
it 
should 
not be used as a signal-level 
indicator. 
For greater 
flexibility 
in setting 
the bandwidth 
sensitivity, 
R1 and R2 
could 
be replaced 
by a 1 kO potentiometer. 


To change 
the 
minimum 
and 
maximum 
value 
of band- 
width, 
the 
integrating 
capacitors, 
C3 and 
C12, can 
be 
scaled 
up 
or 
down. 
Since 
the 
bandwidth 
is 
inversely 
proportional 
to the capacitance, 
changing 
this 0.0039 I'F 
capacitor 
to 0.00331'F 
will 
change 
the typical 
bandwidth 
from 965 Hz-34 
kHz to 1.1 kHz-40 
kHz. With 
C3 and C12 
set 
at 0.0039 
I'F, the 
maximum 
bandwidth 
is typically 
34 kHz. A double 
pole double 
throw 
switch 
can be used to 
completely 
bypass 
DNR. 


O.lI'FT 


The 
capacitor 
on 
pin 
10 in 
conjunction 
with 
internal 
resistors 
sets the attack 
and decay times. The attack 
time 
can be altered 
by changing 
the size of C10. Decay times 
can be decreased 
by paralleling 
a resistor 
with 
C10, and 
increased 
by increasing 
the value of C10. 


When 
measuring 
the 
amount 
of noise 
reduction 
of the 
DNRT'" 
system, 
the frequency 
response 
of the cassette 
should 
be flat to 10 kHz. The CCIR weighting 
network 
has 
substantial 
gain to 8 kHz and any additional 
roll-off 
in the 
cassette 
player 
will 
reduce 
the benefits 
of DNRT'" 
noise 
reduction. 
A typical 
signal-to-noise 
measurement 
circuit 
is 
shown 
in 
Figure 
6. The 
DNRT'" 
system 
should 
be 
switched 
from 
maximum 
bandwidth 
to 
nominal 
band- 
width 
with tape noise as a signal 
source. The reduction 
in 
measured 
noise is the signal-to-noise 
ratio improvement. 


Tape Noise Levels 


1. "A Wide 
Range 
Dynamic 
Noise 
Reduction 
System", 


Blackmer, 
'dB' 
Magazine, 
August-September 
1972, 


Volume 
6, #8. 


2. "Dolby 
B-Type Noise 
Reduction 
System", 
Berkowitz 
and Gundry, 
Serf Journal, 
May-June 
1974, Volume 
8. 


3. "Cassette 
vs Elcaset 
vs Open Reel", Toole, Audioscene 
Canada, 
April 
1978. 


4. "CCIRIARM: 
A Practical 
Noise Measurement 
Method", 


Dolby, 
Robinson, 
Gundry, 
JAES, 
1978. 


Noise 
Masking 


1. "Masking 
and Discrimination", 
Bos and De Boer, JAES, 


Volume 
39, #4, 1966. 


2. "The 
Masking 
of 
Pure 
Tones 
and 
Speech 
by White 
Noise", 
Hawkins 
and Stevens, 
JAES, 
Volume 
22, #1,1950. 


3. "Sound 
System 
Engineering", 
Davis, Howard 
W. Sams 
and Co. 


4. "High 
Quality 
Sound 
Reproduction", 
Moir, 
Chapman 
Hall,1960. 


5. "Speech 
and 
Hearing 
In Communication", 
Fletcher, 


Van Nostrand, 
1953. 
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AVERAGE 
RESPONDING 
METER 


FIGURE 
6. Technique 
for Measuring 
SIN Improvement 
of the DNR™ 
System 


~National 
~ 
Semiconductor 


LM1895/LM2895 Audio Power Amplifier 


The 
LM1895 
is a 6V audio 
power 
amplifier 
designed 
to 


deliver 
1W into 4IJ. Utilizing 
a unique 
patented 
compensa- 


tion scheme, 
the LM1895 is ideal for sensitive 
AM radio ap- 


plications. 
This 
new 
circuit 
technique 
exhibits 
lower 


noise, 
lower 
distortion, 
and 
less 
AM radiation 
than 
con- 
ventional 
designs. 
The amplifier's 
supply 
range (3V-9V) 
is 
ideal for battery 
operation. 
The LM1895 is packaged 
in an 


8-pin 
miniDlP 
for 
minimum 
PC board 
space. 
For 
higher 


supplies 
(Vs>9V) 
the 
LM2895 
is available 
in an 11-lead 


single-in-line 
package. 
The 
11-lead 
package 
has 
been 


redesigned, 
resulting 
in 
a 
slightly 
degraded 
thermal 


characteristic 
shown 
in the figure 
Device 
Dissipation 
vs 


Ambient 
Temperature. 


• 
Low noise 


• 
3V, 4IJ, Po = 250 mW 


• 
Wide 
supply 
operation 
3V-15V 
(LM2895) 


• 
Low distortion 


• 
No turn on "pop" 


• 
Smooth 
waveform 
clipping 


• 
8-pin miniDIP 
(LM1895) 


• 
12V, 4IJ, Po= 4W (LM2895) 


• 
Tested 
for low crossover 
distortion 


• 
Guaranteed 
low crossover 
distortion 


• 
Low AM radiation 


• 
Compact 
AM-FM 
radios 


• 
Battery 
operated 
tape player 
amplifiers 


• 
Line driver 


C5 
T 
l0~F 
Cl 
_ 
330 pF 


FIGURE 
1. LM1895 
with 
Av= 500, BW = 5 kHz, AM Radio 
Application 
(VIN = 4.2 mV for Full Power 
Output) 


Order 
Number 
LM1895N 
See NS Package 
N08A 


Order 
Number 
LM2895P 
See NS Package 
P11A 
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0) 
Storage 
Temperature 
-65·Cto 
+150·C 


CO 
Junction 
Temperature 
150·C 
or- 
:E 
Lead Temperature 
(Soldering, 
10 seconds) 
300·C 


..I 
Electrical Characteristics 
Unless 
otherwise 
specified, 
TA = 25·C, Av = 200(46 dB). For the LM1895, 
Vs = 6V and 


RL = 41l. For the LM2895, 
TTAs= 25·C, 
Vs = 12V and RL = 4fl. Test circuit 
shown 
in Figure 
2. 


Parameter 
Conditions 
LM1895 
LM2895 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


Supply 
Current 
Po=OW, 
8 
14 
12 
20 
mA 


Operating 
Supply 
Voltage 
3 
10 
3 
15 
V 


Output 
Power 
THD=10%, 
f=1 
kHz 


LM1895N 
Vs=6V, 
RL=41l}TA=25.C 
0.9 
1.1 
W 


Vs=9V, 
RL=8fl 
1.1 
W 


LM2895P 
Vs = 12V, RL = 4fl}TTAS = 25.C 
3.6 
4.3 
W 


Vs=12V, 
RL=8fl 
2.5 
W 


Distortion 
f= 
1 kHz 


Po=50 
mW 
0.27 
0.27 
% 


Po=0.5W 
0.20 
0.20 
% 


Po=1.0W 
0.15 
% 


f = 20 kHz, 
Po = 100 mW, Vs = 3.6V 
3.0 
3.0 
% 


Crossover 
Distortion 
f=20 
kHz, 
RL=4fl, 
Po=100 
mW, 
3 
3 
% 


Vcc= 
3.6V 


Power 
Supply 
Rejection 
CSy=100I'F, 
f=1 
kHz, CIN=0.1I'F 
40 
52 
40 
52 
dB 


Ratio 
(PSRR) 
Output 
Referred, 
V RIPPLE = 250 mV 


Noise 
Equivalent 
Input 
Noise 
Rs = 0, 


CIN=0.1I'F, 
BW=20-20 
kHz 
1.4 
1.4 
I'V 


CCIR/ARM 
1.4 
1.4 
I'V 


Wideband 
2.0 
2.0 
I'V 


DC Output 
Level 
2.8 
3.0 
3.2 
5.6 
6.0 
6.4 
V 


Input 
Impedance 
50 
150 
350 
50 
150 
350 
kfl 


Input 
Offset 
Voltage 
5 
5 
mV 


Input 
Bias 
Current 
120 
120 
nA 


Note 1: For operation 
at ambient 
temperature 
greater than 25OC,the LM1895/LM2895 must be derated based on a maximum 
junction 
temperature 
using a 
thermal resistance which depends upon mounting techniques. 


Typical Performance 
Characteristics 


LM1895 
Maximum 
Device 
Dissipation 
vs Ambient 
Temperature 


- 3 dB Bandwidth 
vs 


Voltage 
Gain 
for Stable 


Operation 
LM2895 
Device 
Dissipation 
vs Ambient 
Temperature 


10 


9 


8 


7 


6 


5 


4 


3 


Z 
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60 
70 
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100200300400500600 
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INJ'NITE~EATS!HK- 
ALUMINUM 
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Rl 
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20 
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T A - 
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TEMPERATURE 
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Typical Performance Characteristics 
(Continued) 


AM Recoyered 
Audio 
and Noise 


YS Field 
Strength 
for 
Different 
THD and Gain 
YS Frequency 
THD and Gain 
YS Frequency 
Speaker 
Lead 
Placement 
Ay= 
54 dB, BW = 30 kHz 
Ay= 
54 dB, BW = 5 kHz 
~. 


r- 
60 
60 
E 
111!~t 
~ 
01- 
•.. 
z 
50 
- 
50 
~ 
RECOVERED 
~ 
z 
.....•• 


0: 
40 
40 
~ 
-10 I- 


AUDIO 
AT 
~ 
0- 
I--ffiir~ 


1.4 
/ 
30 
z~ 
-20 
1.2 
1.2 
0- 
zC: 


~ 


Vs= 
6V 
..~ -30 
lM3820 
~ 
1.0 I-VS'6V 
1.0 
Po = O.5W 
5:?1:" 
RECOVERED t:: 
g 
k-:O 
= O.5W 
/ 
g 
Al =4n 
g'" 
-40 
NOISE 
AT 
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0.8 
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.. 
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~ 
Al =4!1 
0 
0.6 
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'" 
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FROM lOOPSTlCK 
0.4 
0.4 


> 
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0.2 
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0 


0.01 
0.1 
1 
10 
20 
50100200 
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5k 
10k20k 
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YS Frequency 
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YS Frequency 
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dB, BW= 
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34 dB, BW = 50 kHz 
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50 


'" 
- 
- 
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z 
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~ 
~ 
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30 


12 
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6V 
J 
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6V 
1.2 
VS=6V 


1.0 
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1.0 
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FREOUENCY 
(Hz) 


Power 
Supply 
Rejection 


Ratio 
(Referred 
to the 
Power 
Output 
YS Supply 
Total 
Harmonic 
Distortion 
Output) 
YS Frequency 
Voltage 
YS Output 
Power 


60~ 
~ 
10 
lM1895 
lM2895 
~ 


"'" 


4 
BW=30kHl 
- 
50 
CBVPASS 
= 100 pF. 
II 
z 
VS=6V 
z 
0 


0 
II 
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IIIII 
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I-- 
~ 
3 
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IIIII 
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~ 
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~ 
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50pF 
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=250mV 
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I 
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0.1 
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FREOUENCV 
(Hz) 
SUPPl V VOLTAGE 
(V) 
OUTPUT 
POWER 
(W) 


Power 
Dissipation 
YS 
Power 
Dissipation 
YS 
Output 
Power, 
RL = 81l 
Output 
Power, 
RL = 41l 


I.' 
2.25 
"~ 


~THD 


~fnVS=12V 


~ 
3%THO 
1.2 
Vs= 
12V 
2.0 
I>",~" 
~ 
/ 
10% THO 
~ 1.75 
z 
1.0 
V 
,/ 
z 
I 
/ 
/,~.,- 


0 
Ys= 
9Y 
c 
1.5 
~ 
0.8 Iv 
~ 
~ 1.25 
Vs= 
9V / 


ill 
ill 
vr 
;.." 
0 
0.6 
0 
1.0 
r-h 
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~ 
VS·7.5V 
0.75 
~1'~5V 
~ 
0.4 ,1-" 
1 I I 
~ 
.Y/ 
0.5 
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Vs= 
6V 
VS=6V 
I I 
j 
I 


0.25 


I 
0 
0 
0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
0 
1.0 
2.0 
3.0 
4.0 
5.0 


OUTPUT 
POWER (WI 
OUTPUT 
POWER {WI 


Lt)m 
Equivalent Schematic 
N 
:E 
..J- 
Lt) 
en 
co 
,.. 
10k 


:E 
..J 


Cs 
470,uF 


v+ 
-P 
Vs 
+ 


R2 
51 


Your 


+ 
Cc 
;~",.¥~' 


Pin 7 no connection 
on LM1895 


Pins 4,7,10,11 
no connection on LM2895 


( 
) indicates 
pin number for LM2895 


Components 


1. R1, R5 


2. 
R2 


3. 
Ro 
4. C4 


10. Co 


11. Cs 


Comments 


Sets voltage 
gain, Av = 1 + RlIR5 


Bootstrap 
resistor 
sets drive current 
for output 
stage and allows 
pin 
2 to go above Vs 


Works 
with Co to stabilize 
output 
stage 


Input coupling 
capacitor. 
Pin 4 is at a DC potential 
of Vs/2. Low fre- 
quency 
pole set by: 


Feedback 
capacitor. 
Ensure 
unity gain at DC. Aiso a low frequency 
pole at: 


1 


27r R5C5 


Bootstrap 
capacitor, 
used to increase 
drive to output 
stage. 
A low 
frequency 
pole is set by: 


1 


27r R2C2 


Compensation 
capacitor. 
This stabilizes 
the amplifier 
and adjusts 
the bandwidth. 
See curve of bandwidth 
vs allowable 
gain 


Improves 
powersupply 
rejection. 
(See Typical 
Performance 
Curves). 
Increasing 
C3 increases 
turn-on 
delay 


Output 
coupling 
capacitor. 
Isolates 
pin 1 from 
the load. 
Low fre- 
quency 
pole set by: 


Works with 
Ro to stabiiize 
output 
stage 


Provides 
power supply 
filtering 


AM Radios 


The LM1895/LM2895 
have been designed 
to fill a wide range 


of audio 
power 
applications. 
A common 
problem 
with 
IC 


audio 
power 
amplifiers 
has been poor signal·to-noise 
per· 
formance 
when used in AM radio applications. 
In a typical 
radio 
application, 
the loopstick 
antenna 
is in close 
prox· 


imity to the audio 
amplifier. 
Current 
flowing 
in the speaker 


and power 
supply 
leads 
can cause 
electromagnetic 
cou· 
piing tothe 
loopstick, 
resulting 
in system 
oscillation. 
In ad· 


dition, 
most 
audio 
power 
amplifiers 
are not optimized 
for 


lowest 
noise 
because 
of compensation 
requirements. 
If 


noise from the audio amplifier 
radiates 
intotheAM 
section, 
the sensitivity 
and signal·to-noise 
ratio will be degraded. 


The LM1895 exhibits 
extremely 
low wideband 
noise due in 


part to an external 
capacitor 
C1 which 
is used to tailor 
the 


bandwidth. 
The circuit 
shown 
in Figure 
2 is capable 
of a 


signal-to-noise 
ratio 
in excess 
of 60 dB referred 
to 50 mW. 
Capacitor 
C1 not only limits 
the closed 
loop bandwidth, 
it 


also provides 
overall 
loop compensation. 
Neglecting 
C5 in 


Figure 
2, the gain is: 


'" 


~ iii 
-20 
c:e 
':5 
-30 


o. 
~ rF -40 
<o 
-50 
'"~ 
-60 


0.01 


FIGURE 
3. Improved 
AM Sensitivity 


Over Conventional 
Design 


V. 


OUTPUT 


BOOTSTRAP 


NC 


BYPASS 


GNO 
lM2895 


NC 


"N 


-IN 


10 
NC 


11 


NC 


o 


o 


S+Avwo 


Av(S)=--- 
S+wo 


R1 + R5 
where 
Av=---, 


R5 


A curve 
of 
- 3 dB BW (wol vs Av is shown 
in the Typical 


Performance 
Curves. 


Figure 
3 shows 
a plot of recovered 
audio 
as a function 
of 


field strength 
in p.V/M. The receiver 
section 
in this example 


is an LM3820. 
The power 
amplifier 
is located 
about 
two 
inches 
from 
the 
loopstick 
antenna. 
Speaker 
leads 
run 


parallel 
to the loopstick 
and are 1/8 inch from it. Referenced 


to a 20 dB SIN ratio, the improvement 
in noise performance 


over conventional 
designs 
is about10dB. 
Thiscorresponds 


to an increase 
in usable 
sensitivity 
of about 
8.5 dB. 


FIGURE 
4. Printed 
Circuit 
Board 
Layout 
for LM1895 
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LM18961LM2896 Dual Power Audio Amplifier 


The 
LM1896 
is 
a 
high 
performance 
6V 
stereo 
power 


amplifier 
designed 
to deliver 
1 watt/channel 
into 41l or 2 


watts 
bridged 
monaural 
into 
81l. Utilizing 
a 
unique 


patented 
compensation 
scheme, 
the LM1896 is ideal for 


sensitive 
AM radio 
applications. 
This 
new circuit 
tech· 


nique exhibits 
lowerwideband 
noise, lower distortion, 
and 
less AM radiation 
than conventional 
designs. 
The amplifi- 


er's wide supply 
range (3V-9V) 
is ideal for battery 
opera· 


tlon. For higher supplies 
(Vs>9V) 
the LM2896 is available 
in an 11-lead single-in-line 
package. The LM2896 package 


has been redesigned, 
resulting 
in the slightly 
degraded 


thermal 
characteristics 
shown 
in the figure 
Device Dissi· 


pation 
vs Ambient 
Temperature. 


+ 


O.0033}.1F T 


• 
Low AM radiation 


• 
Low noise 


• 
3V. 41l. stereo Po= 250 mW 


• 
Wide supply operation 
3V·15V (LM2896) 


• 
Low distortion 


• 
No turn on "pop" 


• 
Adjustable 
voltage gain and bandwidth 


• 
Smooth 
waveform 
clipping 


• 
Po= 9W bridged, 
LM2896 


• 
Compact 
AM·FM radios 


• 
Stereo tape recorders 
and players 


• 
High power portable 
stereos 


0.1 
}.IF 
T( 


VOUT\ 


O.1}.1F 
T 


Order Number 
LM1896N 
See NS Package 
N14A 
Order Number 
LM2896P 
See NS Package 
P11A 


Supply 
Voltage 
LM1896 
LM2896 


Operating 
Temperature(Note 
1) 


Storage 
Temperature 


Junction 
Temperature 


Lead Temperature(Soldering, 
10 seconds) 


Vs= 
12V 
Vs= 
18V 


O'Cto 
+ 70'C 


-65'Cto 
+ 150'C 


150 'C 


300'C 


Electrical Characteristics 
Unless 
otherwise 
specified, 
TA= 25'C, Av = 200(46 dB). Forthe 
LM1896, 


Vs= 6V and RL = 40. 
For LM2896, 
TTAB= 25'C, 
Vs= 
12V and RL = 80. Test circuit 
shown 
in Figure 
2. 


Conditions 
LM1896 
LM2896 
Units 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 


Supply 
Current 
Po=OW, 
Dual Mode 
15 
25 
25 
40 
mA 


Operating 
Supply 
Voltage 
3 
10 
3 
15 
V 


Output 
Power 
THD=10%, 
f=l 
kHz 
LM1896N-l 
Vs = 6V, RL = 40 Dual Mode 
} 
0.9 
1.1 
W 


LM1896N-2 
Vs = 6V, RL = 80 Bridge 
Mode 
TA= 25'C 
1.8 
2.1 
W 


Vs = 9V, RL = 80 Dual Mode 
1.3 
W 


LM2896P-l 
V,.'"'. R,.an D", Mod. 
] 
2_0 
2.5 
W 


LM2896P-2 
Vs=12V, 
RL=80 
Bridge 
Mode 
TTAB=25'C 
7.2 
9.0 
W 


Vs=9V, 
RL=40 
Bridge 
Mode 
7.8 
W 


Vs=9V, 
RL=40 
Dual Mode 
2.5 
W 


Distortion 
f= 
1 kHz 


Po=50 
mW 
0.09 
0.09 
% 


Po=0.5W 
0.11 
0.11 
% 


Po=lW 
0.14 
% 


Power Supply 
Rejection 
CBY = 100 /LF,f = 1 kHz, C1N= 0.1 /LF 
-40 
-54 
-40 
-54 
dB 
Ratio (PSRR) 
Output 
Referred, 
VRiPPLE= 250 mV 


Channel 
Separation 
CBY = 100 /LF,f = 1 kHz, CIN = 0.1 /LF 
-50 
-64 
-50 
-64 
dB 


Output 
Referred 


Noise 
Equivalent 
Input 
Noise 
Rs = 0, 


C1N=0.1 /LF,BW=20-20 
kHz 
1.4 
1.4 
/LV 


CCIR/ARM 
1.4 
1.4 
/LV 


Wideband 
2.0 
2.0 
/LV 


DC Output 
Level 
2.8 
3 
3.2 
5.6 
6 
6.4 
V 


Input 
Impedance 
50 
100 
350 
50 
100 
350 
kO 


Input Offset 
Voltage 
5 
5 
mV 


Voltage 
Difference 
LM1896N-2, 
LM2896P-2 
10 
20 
10 
20 
mV 


Between 
Outputs 


Input 
Bias Current 
120 
120 
nA 


Typical Performance 
Curves 
LM1896 
Maximum 
Device 
LM2896 
Device 
Dissipation 
Dissipation 
vs Ambient 
- 3 dB Bandwidth 
vs Voltage 
vs Ambient 
Temperature 
Temperature 
Gain 
for Stable 
Operation 
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FIGURE 
2. Stereo 
Amplifier 
with Av = 200, BW = 30 kHz 


Components 


1. R2, R5, R10, R13 


2. 
R3, R12 


3. 
Ro 


4. C1,C14 


10. Co 
11. Cs 


Comments 


Sets 
voltage 
gain, 
Av = 1 + R5/R2 
for 
one 
channel 
and 
Av = 1+ R10/R13 for the other 
channel. 


Bootstrap 
resistor 
sets drive current 
for output 
stage 
and 
allows 
pins 3 and 12 to go above Vs. 


Works with Co to stabilize 
output 
stage. 


Input coupling 
capacitor. 
Pins 1 and 14 areat 
a DC potential 
of Vs/2. Low frequency 
pole set by; 


1 
fL=----- 
2n R1NC1 


Feedback 
capacitors. 
Ensure 
unity 
gain at DC. Also 
a low 
frequency 
pole at: 


1 


fL=----- 
2n R2C2 


Bootstrap 
capacitors, 
used 
to 
increase 
drive 
to output 
stage. 
A low frequency 
pole is set by: 


1 
fL=--- 
2n R3C3 


Compensation 
capacitor. 
These 
stabilize 
the 
amplifiers 
and 
adjust 
their 
bandwidth. 
See curve 
of 
bandwidth 
vs 
allowable 
gain. 


Improves 
power 
supply 
rejection 
(See Typical 
Perform· 
ance 
Curves). 
Increasing 
C7 increases 
turn-on 
delay. 


Output 
coupling 
capacitor. 
Isolates 
pins 5 and 10 from the 
load. Low frequency 
pole set by: 


1 


fL=--- 
2n CcRL 


Works 
with 
Ro to stabilize 
output 
stage. 


Provides 
power supply 
filtering. 


AM Radios 


The LM1896/LM2896 
have been designed 
to fill a wide range 
of audio 
power 
applications. 
A common 
problem 
with 
IC 
audio 
power 
amplifiers 
has been poor signal-to-noise 
per- 
formance 
when 
used in AM radio applications. 
In a typical 
radio 
application, 
the loopstick 
antenna 
is in close 
prox- 


Imity to the audio 
amplifier. 
Current 
flowing 
in the speaker 
and power 
supply 
leads 
can cause 
electromagnetic 
cou- 
pling tothe 
loopstick, 
resulting 
in system 
oscillation. 
In ad- 
dition, 
most 
audio 
power 
amplifiers 
are not optimized 
for 
lowest 
noise 
because 
of compensation 
requirements. 
If 
noise from the audio amplifier 
radiates 
into theAM 
section, 
the sensitivity 
and signal-to-noise 
ratio 
will be degraded. 


The LM1896 exhibits 
extremely 
low wideband 
noise due in 
part to an external 
capacitor 
C5 which 
is used to tailor 
the 
bandwidth. 
The circuit 
shown 
in Figure 
2 is capable 
of a 
signal-to-noise 
ratio 
in excess 
of 60 dB referred 
to 50 mW. 


Capacitor 
C5 not only limits 
the closed 
loop bandwidth, 
it 
also provides 
overall 
loop compensation. 
Neglecting 
C2 in 
Figure 
2, the gain is: 


S+Aywo 


Ay(S)=--- 
S+wo 


R2+ 
R5 
where 
Av = ---, 


R2 


A curve 
of 
- 3 dB BW (wo) vs Ay is shown 
in the Typical 
Performance 
Curves. 


Figure 
3 shows 
a plot of recovered 
audio 
as a function 
of 
field strength 
in f'V/M. The receiver 
section 
in this example 
is an LM3820. 
The power 
amplifier 
is located 
about 
two 
inches 
from 
the 
loopstick 
antenna. 
Speaker 
leads 
run 
parallel 
to the loopstick 
and are 1/8 inch from it. Referenced 
to a 20 dB SIN ratio, the improvement 
in noise performance 
over conventional 
designs 
is about 10 dB. Thiscorresponds 
to an increase 
in usable 
sensitivity 
of about 
8.5 dB. 


Bridge 
Amplifiers 


The LM1896/LM2896 
can be used in the bridge 
mode 
as a 
monaural 
power 
amplifier. 
In addition 
to 
much 
higher 
power 
output, 
the 
bridge 
configuration 
does 
not 
require 
output 
coupling 
capacitors. 
The load is connected 
directly 
between 
the amplifier 
outputs 
as shown 
in Figure 
4. 
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Amp 
1 has a voltage 
gain 
set by 1 + R5/R2. The output 
of 


amp 
1 drives 
amp 
2 which 
is configured 
as an inverting 


amplifier 
with 
unity 
gain. Because 
of this 
phase 
inversion 


in amp 2, there is a6 dB increase 
in voltage 
gain referenced 


to Vi' The voltage 
gain in bridge 
is: 


Va 
~ 
R5 
~ 
-=21+-- 
Vi 
R2 


CB is used to prevent 
DC voltage 
on the output 
of amp 1from 


causing 
offset 
in amp 
2. Low 
frequency 
response 
is in- 


fluenced 
by: 


1 


fL=--- 
2rrRBCB 


Several 
precautions 
should 
be observed 
when 
using 
the 


LM1896/LM2896 
in 
bridge 
configuration. 
Because 
the 


amplifiers 
are driving 
the load out of phase, 
an 80 speaker 


wi II appear 
as a 40 load, and a 40 speaker 
wi II appear 
as a20 


load. Power dissipation 
is twice 
as severe in this situation. 


For example, 
if Vs= 
6V and RL = 80 bridged, 
then the max- 
imum dissipation 
is: 


V~ 
62 


PD=--x2=--x2 
20RL 
20x4 


This amount 
of dissipation 
is equivalent 
to driving 
two 40 


loads 
in the stereo 
configuration. 


When adjusting 
the frequency 
response 
in the bridge 
con- 


figuration, 
R5C5 and R10C10 form a 2 pole cascade 
and the 


- 3 dB bandwidth 
is actually 
shifted 
to a lower frequency: 


0.707 
BW=-- 
2..-RC 


where 
R = feedback 
resistor 


C = feedback 
capacitor 


To measure 
the output 
voltage, 
a floating 
or differential 


meter 
should 
be used 
because 
a prolon.ged 
output 
short 


will 
over dissipate 
the package. 
Figure 
1 shows 
the com- 


plete bridge 
amplifier. 


FIGURE 
3. Improved 
AM Sensitivity 
Over Conventional 
Design 
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Printed Circuit Board Layout 


Figure 5 and Figure6show 
printed 
circuit 
board layouts 
for 


the LM1896 and LM2896. 
The circuits 
are wired 
as stereo 


amplifiers. 
The signal 
source 
ground 
should 
return 
to the 


input 
ground 
shown 
on the boards. 
Returning 
the loads to 


power supply 
ground 
through 
a separate 
wire will keep the 


THD at its lowest 
value. The inputs 
should 
be terminated 
in 


less than 50 kG to prevent 
an input-output 
oscillation. 
This 
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oscillation 
is dependent 
on the gain 
and the proximity 
of 


the bridge 
elements 
RBand CB to the ( + )input. 
If the bridge 


mode is not used, do not insert 
RB, CB into the PCB. 


To wire the amplifier 
into the bridge configuration, 
short the 


capacitor 
on pin 7 (pin 1 of the LM1896) to ground. 
Connect 


together 
the nodes labeled 
BRIDGE and drive the capacitor 


connected 
to pin 5 (pin 14 of the LM1896). 
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LM1897 Low Noise Preamplifier for Tape Playback Systems 


General Description 


The LM1897is a dual high gain preamplifier for applica- 
tions requiring optimum noise performance. It is an 
ideal choice for a tape playback amplifier 
when a 


combination of low noise, high gain, good power supply 
rejection, and no power up transients are desired. The 
application also provides transient-free muting with a 
single pole grounding switch. 


• 
Programmable turn-on delay 


• 
Transient-free power up - 
no pops 


• 
Transient-free muting 


• 
Low noise - 
0.6"V CCIR/ARM in a DIN circuit 


referenced to gain at 1kHz 


• 
Low Voltage Battery Operation 
4V 


• 
Wide gain bandwidth due to broadband 
two amplifier approach 
76dB @ 20kHz 


• 
High power supply rejection 
105dB 
• 
Lowdistortion 
0.03% 


• 
Fast slew rate 
6V1"s 


• 
Short circuit protection 
• 
Internal diodes for diode switching applications 


• 
Low cost external parts 
• 
Excellent low frequency response 
• 
Prevents"click" from being recorded onto the tape 
during power supply cycling in tape playback appli- 
cations 


RIGHT 
OUTPUT 


"6 
'Ok 


-= 
'Ok 


LEFT 
OUTPUT 


"7 
270k 
270k 
~T~ 
J OPTIONAL 
MUTE 


~ 
CIRCUIT 


Order Number LM1897N 
See NS Package N16E 


Storage 
Temperature 
-65'Cto 
+150'C 
Operating 
Temperature 
0'Cto+70'C 


Minimum 
Voltage 
On Any Pin 
-0.1 
Vac 


Lead Temperature 
(soldering, 
10 seconds) 
300'C 


Electrical Characteristics 
(TA = 25 'C, 
Vcc = 12V, See Test 
Circuit 
- 
Figure 
2) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Operating 
Supply 
Voltage 
Range 
Rs removed 
from 
circuit 
4 
18 
V 


Supply 
Current 
Vcc= 
12V 
6 
12 
mA 


Total 
Harmonic 
Distortion 
f = 1 kHz, V1N = 0.3 mY, 
Pins 
7 & 10, Figure 
2 
0.03 
% 


THO + Noise 
(Note 
2) 
f = 1 kHz, VOUT= 1V, Pins 
7 & 10, Figure 
2 
0.10 
0.25 
% 


Power 
Supply 
Rejection 
Input 
Ref. f = 1 kHz, 
1 YAMS 
85 
105 
dB 


Channel 
Separation 
f = 1 kHz, Output 
= 1 YAMS, Output 
to Output 
40 
60 
dB 


Signal 
to Noise 
(Note 
3) 
Unweighted 
32Hz-12.74kHz 
(Note 
2) 
58 
dB 
CCIR/ARM 
(Note 
4) 
62 
dB 
A Weighted 
64 
dB 
CCIR, 
Peak 
(Note 
5) 
52 
dB 


Noise 
Output 
Voltage 
CCIR/ARM 
(Note 
4) 
120 
200 
flY 


Input 
Amplifiers 


Input 
Bias 
Current 
0.5 
2.0 
flA 
Input 
Impedance 
f = 1 kHz 
50 
kQ 
A.C. Gain 
27 
28 
29 
dB 


A.C. Gain 
Imbalance 
±0.15 
±0.5 
dB 


D.C. Output 
Voltage 
1.8 
2.2 
2.6 
V 
D.C. Output 
Voltage 
Mismatch 
Pins 
3 and 
14 
-200 
±30 
+200 
mV 
Output 
Source 
Current 
Pins 
3 and 
14 
2 
10 
mA 
Output 
Sink 
Current 
Pins 
3 and 
14 
300 
600 
flA 


Output 
Amplifiers 


Closed 
Loop 
Gain 
Stable 
Operation 
5 
VIV 
Open 
Loop 
Voltage 
Gain 
D.C. 
110 
dB 


Gain 
Bandwidth 
Product 
5 
MHz 


Slew 
Rate 
6 
V/flsec 
Input 
Offset 
Voltage 
2 
5 
mV 
Input 
Offset 
Current 
20 
100 
nA 
Input 
Bias 
Current 
250 
500 
nA 


Output 
Source 
Current 
Pin 7 or 10 
2 
10 
mA 
Output 
Sink 
Current 
Pin 7 or 10 
400 
900 
flA 
Output 
Voltage 
Swing 
Pin 7 or 10 
11 
Vpp 


Output 
Diode 
Leakage 
Voltage 
on Pins 8 and 
9 = 18V 
0 
10 
flA 


Note 1: For operation 
in ambient 
temperatures 
above 25 'C, 
the device 
must 
be derated 
based on a 150'C 
maximum 
junction 


temperature 
and a thermal 
resistance 
of 175'C/Watl 
junction 
to ambient. 


Note 2: Measured 
with 
an average 
responding 
voltmeter 
using 
the filter 
circuit 
in 
Figure 
4. This simple 
filter 
is approximately 
equivaient 
to a "brick 
wall" 
filter with a passband 
of 20 Hz to 20 kHz(see "Application 
Hints" 
section). 
For 1kHz THD the 400 Hz high 
pass 
filter 
on the distortion 
analyzer 
is used. 


Note 3: The numbers are referred to an output 
level of 160mV at Pins 7 and 10 using the circuit 
of Figure 
2. This corresponds 
to an 
input ievel of 0.3 mV RMS at 333 Hz. 


Note 4: Measured with an average responding voltmeter using the Dolby lab's standard CCIR filter having a unity gain reference at 2kHz. 


Note 5: Measured using the Rhode-Schwarz 
psophometer, 
model UPGR. 


- 
------ 
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nent 


Components 
(Refer to 
Figure 
1) External 
Component 
Function 


Set turn-on 
delay and second 
amplifier's 
low frequency 
pole. 
Leakage 
current 
in C2 results 
in 
DC offset 
between 
the amplifier's 
inputs 
and therefore 
this current 
should 
be kept low. R, is set 
equal 
to R2 such that 
any input 
offset 
voltage 
due to bias current 
is effectively 
cancelled. 
An input 
offset 
voltage 
is generated 
by 
the input 
offset 
current 
multi- 
plied 
by the value of these 
resistors. 


Set the DC and low frequency 
gain of the output 
amplifier. 
The 


total 
input 
offset 
voltage 
will 
also be multiplied 
by the DC gain 


of this 
amplifier. 
It is therefore 
essential 
to keep the input 
offset 


voltage 
specification 
in mind 
when employing 
high DC gain 
in 
the output 
amplifier; 
I.e. 5mV x 
400 = 2V offset 
at the output. 


Set tape playback 
equalization 


characteristics 
in conjunction 
with 
R3 (calculations 
for the com- 


ponent 
values 
are included 
in the 
Applications 
Hints 
section). 


Biases 
the output 
diode 
when it 


is used in DC switching 
applica- 


tions. 
This resistor 
can be 


excluded 
if diode 
switching 
is 
not desired. 


Normal 
Range 
of Value 


2 kQ-40kQ 


0.1 "F-1O"F 


(Low 
Leakage) 


2 kQ-40kQ 


500kQ- 


10MQ 


10kQ·200kQ 


0.00047"F- 


0.01 "F 


Components 
(Refer to 
Figure 
1) External 
Component 
Function 


Often 
used to resonate 
with 
tape 
head in order to compensate 
for 


tape playback 
losses 
including 
tape head gap and eddy current. 
For a typical 
cassette 
tape head, 


the resonant 
frequency 
selected 
is 


usually 
between 
13 and 17 kHz. 


Normal 
Range 
of Value 


100pF- 
1000 pF 


External 
Compo- 
nent 
C3 


Increases 
the output 
DC bias 
voltage 
from the nominal 
2.2V 
value (See the Application 
Hints 


section). 


R7 
Optionally 
used for tape muting. 


The use of this 
resistor 
can also 
provide 
"No 
Pop" turn-off 
if 


desired. 


100kQ- 
10MQ 


Application 
Hints 


Distortion 
Measurement 
Method 


In order to clearly 
interpret 
and compare 
specifications 


and 
measurements 
for 
low 
noise 
preamplifiers, 
it 
is 


necessary 
to understand 
several basic concepts 
of noise. 


An obvious 
example 
is the measurement 
of total 
har- 


monic 
distortion 
at 
very 
low 
input 
signal 
levels. 


Distortion 
analyzers 
provide 
outputs 
which 
allow 
view- 


ing of the distortion 
products 
on an oscilloscope. 
The 


oscilloscope 
often 
reveals 
that 
the 
"distortion" 
being 


measured 
contains 
1) distortion, 
2) noise, and 3) 50 or 60 


cycle 
AC line hum. 


Line hum can be detected 
by using 
the "line 
sync" 
on 


the oscilloscope 
(horizontal 
sync selector). 
The trigger- 
ing of a constant 
waveform 
indicates 
that AC line pickup 
is present. This is usually 
the result of electro-magnetic 


coupling 
into 
the preamplifier's 
input 
or improper 
test 


equipment 
grounding, 
which 
simply 
must 
be eliminated 


before 
making 
further 
measurements! 


Input 
coupling 
problems 
can 
usually 
be corrected 
by 


anyone 
of 
the 
following 
solutions: 
1) shielding 
the 


source of the magnetic 
field (using mu metal or steel), 2) 
magnetically 
shielding 
the 
preamplifier, 
3) physically 


moving 
the preamplifier 
far enough 
away from the mag- 


netic 
field, 
or 4) using 
a high 
pass 
filter 
(fo = 200 Hz- 


1 kHz) at the output 
of the preamplifier 
to prevent 
any 


line signal 
from entering 
the distortion 
analyzer. 
Ground 


loop problems 
can be solved by rearranging 
ground con- 


nections 
of the circuit 
and test equipment. 


Separating 
noise from distortion 
products 
is necessary 


when 
it is desired 
to find the actual 
distortion 
and not 


the signal-to-noise 
ratio 
of an amplifier. 
The distortion 


produced 
by the LM1897 is predominately 
a second 
har- 


monic. 
It is for this 
reason 
that 
the third 
and higher 


order harmonics 
can be filtered 
without 
resulting 
in any 


appreciable 
error 
in the 
measurement. 
The filter 
also 
reduces 
the amount 
of noise in the measured 
data. An- 
other 
more tedious 
technique 
for measuring 
THD is to 
use a wave 
analyzer. 
Each harmonic 
is measured 
and 


then summed 
in an RMS calculation. 
A typical 
curve is 


plotted 
for distortion 
vs. frequency 
using this method. 
A 


typical 
curve is also included 
using a 20Hz to 20kHz 4th 


order filter. 


To specify 
the distortion 
of the LM1897 accurately 
and 


also 
not require 
unusual 
or tedious 
measurements 
the 
following 
method 
is used. The output 
level is set to one 
volt 
RMS at 1 kHz (approximately 
5 millivolts 
at the in- 
put). The output 
is filtered 
with the circuit 
of Figure 
4 to 


limit 
the bandwidth 
of the noise 
and measured 
with 
a 


standard 
distortion 
analyzer. 
The analyzer 
has a filter 


that 
is switched 
in to remove line hum and ground 
loop 
pick-up 
as well 
as unrelated 
low frequency 
noise. 
The 
resulting 
measurement 
is fast and accurate. 


Signal·To·Noise 
Ratio 


In the measurement 
of the signal·to·noise 
ratio, 
misin- 


terpretations 
of 
the 
numbers 
actually 
measured 
are 
common. 
One amplifier 
may sound 
much 
quieter 
than 


another, 
but due to improper 
testing 
techniques, 
they 


appear 
equal 
in measurements. 
This 
is often 
the case 


when comparing 
integrated 
circuit 
to discrete 
preampli- 


fier designs. 
Discrete 
transistor 
preamps 
often 
"run out 


of gain" 
at high 
frequencies 
and therefore 
have small 


bandwidths 
to noise as indicated 
below. 


~ 
z 


~ 
40 


Integrated 
circuits 
have additional 
open loop gain allow- 
ing additional 
feedback 
loop gain in order to lower har- 


monic 
distortion 
and improve 
frequency 
response. 
It is 


this 
additional 
bandwidth 
that 
can 
lead 
to erroneous 


signal 
to noise measurements 
if not considered 
during 


the 
measurement 
process. 
In 
the 
typical 
example 


above, the difference 
in bandwidth 
appears 
small 
on a 


log scale 
but the factor 
of 10 in bandwidth, 
(200kHz 
to 


2 MHz) can result 
in a 10dB theoretical 
difference 
in the 


signal-to-noise 
ratio 
(white 
noise 
is proportional 
to the 


square 
root of the bandwidth 
in a system). 


In comparing 
audio amplifiers 
it is necessary 
to measure 


the 
magnitude 
of 
noise 
in the 
audible 
bandwidth 
by 


using 
a "weighting" 
filter.1 
A "weighting" 
filter 
alters 


the frequency 
response 
in order to compensate 
for the 


average 
human 
ear's 
sensitivity 
to certain 
undesirable 


frequency 
spectra. 
The weighting 
filters 
at the 
same 


time provide the bandwidth 
limiting 
as discussed 
in the 


previous 
paragraph. 


The 32 Hz to 12740 Hz filter 
shown 
in Figure 
4 is a simple 
two 
pole, one zero filter, 
approximately 
equivalent 
to a 
"brick 
wall" 
filter 
of 20 Hz to 20 kHz. This approximation 


is absolutely 
valid if the noise has a flat energy spectrum 


over the frequencies 
involved. 
In other words a measure· 


ment 
of a noise source 
with 
constant 
spectral 
density 


through 
either of the two filters 
would result 
in the same 


reading. 
The 
output 
frequency 
response 
of 
the 
two 


filters 
is shown 
in Figure 
7. 


Typical 
signal-to·noise 
figures 
are 
listed 
for 
several 


weighting 
filters 
which 
are commonly 
used in the mea- 


surement 
of noise. The shape of all weighting 
filters 
is 


similar, 
with 
the peak of the curve 
usually 
occuring 
in 


the 3-7 kHz region 
as shown 
below. 


In addition 
to noise filtering, 
differing 
meter types 
give 


different 
noise 
readings. 
Meter 
responses 
include: 
1) 


RMS reading, 
2) average 
responding, 
3) peak reading, 


and 4) quasi 
peak reading. 
Although 
theoretical 
noise 


analysis 
is derived 
using 
true 
RMS (root mean square) 


based calculations, 
most actual 
measurement 
is taken 


with 
ARM (Average 
Responding 
Meter) test equipment. 


The 
LM1897 
IC incorporates 
a two 
stage 
broadband 
design 
which 
minimizes 
noise, attains 
overall 
DC stabi- 
lity and prevents 
audible 
transients 
during 
turn-on. 


The first stage is a direct coupled 
amplifier 
with an inter- 
nal gain 
of 25VIV 
(28dB). 
Direct 
coupling 
to the tape 
head 
reduces 
input 
source 
impedance 
and 
external 


component 
cost by removing 
the input coupling 
capaci- 


tor. A typical 
input coupling 
capacitor 
of 1flF has a reac- 


tance 
of 1.5 kQ at 100 Hz. The resulting 
noise due to the 


amplifier's 
input 
noise 
current 
can dominate 
the noise 


voltage 
at the output 
of the playback 
system. 
The input 


of the amplifier 
is biased 
from a reference 
voltage 
that 


is temperature 
compensated 
to produce 
a quiescent 
DC 


voltage 
of 2.2V at the output 
of the first 
stage. The input 


stage 
bias 
current 
that 
flows 
through 
the tape 
head is 


kept below 
2f1A in order to prevent 
any erasure 
of tape 


moving 
past 
the 
head. 
An 
added 
advantage 
of 
DC 


biasing 
is the 
prevention 
of 
large 
current 
transients 


during 
the 
charging 
of coupling 
capacitors 
at turn-on 


and turn-off. 


The second 
stage 
provides 
additional 
gain 
and proper 


equalization 
while preventing 
audible 
turn-on 
transients 


or 
"pops". 
The 
output 
(Pin 
10) is kept 
low 
until 
C2 


charges 
through 
Rl. When the voltage 
on C2 gets close 


to the DC voltage 
on Pin 14, the output 
rises exponen- 
tially 
to its final 
DC value. The result 
is a transient·free 


turn-on 
characteristic. 


Internal 
diodes 
are 
provided 
to 
facilitate 
electronic 


diode 
switching 
popular 
in automotive 
applications. 


The general 
test circuit 
illustrates 
the topography 
of the 


system. 
The 
components 
determining 
the 
overall 
fre- 
quency 
response 
are external 
due to the extreme 
sensi- 
tivity 
when 
matching 
a DIN equalization 
curve. 


Mute Circuit 


The LM1897 can be muted with the addition 
of two resis· 
tors and a grounding 
switch, 
as shown in Figure 
1. When 


the circuit 
is not muted the additional 
resistors 
have no 


effect 
on the AC performance. 
They do have an effect 
on 


the DC Q point 
however. 


The difference 
in the 
DC output 
voltages 
of the 
input 


amplifiers 
is applied 
across 
the mute resistors 
(R7) and 


the positive 
input 
resistors 
(Rl). This results 
in an addi- 


tional 
offset 
at the input of the output 
amplifiers. 
To keep 


this offset 
to a minimum 
R7 should 
be as large as pos- 


sible to achieve 
effective 
muting. 
In all cases 
R7 should 


be at least ten times 
Rl. A typical 
value of R7 is 25 to 50 


times 
Rl. 


Capacitor·Coupled 
Input 


The LM1897 is intended 
to be coupled 
directly 
to the sig· 
nal source. 
Direct 
coupling 
permits 
faster 
turn-on 
and 


less low-frequency 
noise than would 
be possible 
with a 


capacitor-eoupled 
input. 
However, there are some appli- 


cations 
which 
require 
that the signal 
source 
be referred 


to ground 
and coupled 
to the input through 
a capacitor. 
Figure 
9 is an example 
of an LM1897 with 
a capacitor- 


coupled 
input. As shown, the circuit 
has a flat frequency 


response and is suitable 
for use as a microphone 
preamp. 


pops, the inverting 
input 
of the second 
amplifier 
must 


be at a higher voltage 
than the non-inverting 
input when 


Vcc is applied. 
R,o, R'l, 
R12, and D, ensure that this con- 


dition 
will be met. If later stages 
in the playback 
system 
employ turn-on muting 
circuitry, 
these extra components 


may not be needed. The value of RlO depends 
on Vcc as 
defined 
by the following 
relationship: 


R,o=(Vcc-1)xlk 


Figure 
9. 
Microphone 
Preamplifier 
with 


Capacitor 
Coupled 
Input 


Design Equations 


The overall 
gain of the circuit 
is given 
by: 


fs+_1) 
Av=25 
[ 
-R4R3 J 
\: 
R4C, 
(1) 


~2(R3 + R42](S+ 
1 
:'\ 
\; 
(R3 + R4)C1) 


Standard 
cassette 
tapes 
require 
equalization 
of 


3180flsec 
(50Hz) apd 120flsec 
(1.3kHz). These time con· 


stants 
result 
in an AC gain at 1 kHz given by: 


~ 


R R 
V 
{3180flsor50Hz 
} 


Av(l kHz) = 25 
-(R 4 ~ 1 1.663 
and 
(2) 


23+ 
4 
120flsor1326Hz 


Using the pole and zero locations 
of the transfer 
func- 


tion, 
the two 
other 
equations 
needed 
to solve 
for the 


component 
values 
are: 


1 
R4= 2nC1 (1326 Hz) 


1 
1 
1 
R3= 2nC1 (50 Hz) 
2nC1 (1326 Hz) 
2nC, (51.96) 


We can now solve for C, as a function 
of R2, or: 


Av(1kHz)= 
-25 
{[2nC'~1326~ 
[~nCl(~1.96JI(1'663) 
(5) 
r2 2nCl(50~ 


-4.80 
X 10-3 


C1 = R2[Av(1 kHz)] 
(6) 


When chromium 
dioxide 
tape is used, the defined 
time 
constants 
are 
3180"sec 
and 
70"sec. 
This 
changes 
equation 
(3) to: 


1 
A. = 2"C, (2274Hz) 
(7) 


The value of A3 is normally 
not changed. 
This results 
in 
an error of less than 0.2dB in the low frequency 
response. 


The output 
voltage 
of the 
LM1897 
is set 
by the 
input 
amplifier 
DC voltage 
at pin 3 or 14, and by A3 and As. 


. 
~ 
A3) 
Nominal 
VOUT (pin 7 or 10) = 2.2 ~ + As 


Pins 8 and 9 are biased 0.7 volts less than VOUT (pin 7 or 
10). When these diodes 
are used the output 
(pin 7 or 10) 
should 
be biased 
at one 
half 
the 
minimum 
operating 
supply 
voltage. 
Equation 
(8) can be rewritten 
to solve for 
As· 


The output 
voltage 
of the 
LM1897 
will 
vary 
from 
that 
given 
in 
equation 
(8) due 
to 
variations 
in 
the 
input 
amplifier 
DC voltage 
as well 
as the 
output 
amplifier 
input 
bias current, 
input 
offset 
current 
and input offset 
voltage. 
The following 
equation 
gives 
the worst 
case 
variation 
in the output 
voltage. 


(11) 


The turn-on 
delay 
is set 
by A, and 
Cz; delay 
can 
be 
approximated 
by: 


Delay Time t = A, Czln (v~:~)(::) 


Example 


If we desire 
a tape 
preamp 
with 
100mV 
output 
signal 
from 
a tape 
head with 
a nominal 
output 
of 0.5mV 
at 
1 kHz 
for 
standard 
ferric 
casselle 
tape, 
the 
external 
components 
are determined 
as follows. 
The value of Az 
is arbitrarily 
set to 10kQ. 


This 
minimizes 
errors 
due to the output 
amplifier 
bias 
currents. 


-4.80 
X 10-3 
C, = 
[-100mv= 
2400pF 
- 
0.0022"F 


10kQ L 0.5mV 


Use 0.0022"F 
and determine: 


1 
A. = 2"C, (1326) = 54.6 kQ - 
54.9 kQ 1% 


1 
A3= 
2"C,(51.96) 
=1.39MQ-1.4MQ 
1% 


To bias 
the output 
amplifier 
output 
voltage 
at 6 volts 
(half supply): 


A _2.2(1.4MQ)=811kQ_820kQ 
s 
6 -2.2 


The maximum 
variation 
in the output 
voltage 
is found 
using 
equation 
(11): 


The 
low 
frequency 
response 
and 
turn-on 
delay 
deter- 
mine the value of Cz. For A, = 10k and Cz = lO"F 
the low 
frequency 
3dB 
point 
is 1.6Hz and the turn-on 
delay 
is 
0.4 seconds, 
from equation 
(12). 


The complete 
circuit 
is shown 
in Figure 2. A circuit 
with 
5% components 
and biased for a minimum 
supply 
of 10 
volts 
is shown 
in Figure 
1. If additional 
gain 
is needed 
A, 
and 
Az 
can 
be 
reduced 
without 
changing 
the 
frequency 
response 
of the circuit. 
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LM2002/LM2002A 8 Watt Audio Power Amplifier 


The 
LM2002 
is a cost 
effective, 
high 
power 
amplifier 
suited for automotive 
applications. 
High current 
capabili· 


ty (3.5A) enables 
the device to drive low impedance 
loads 


with 
low distortion. 
The LM2002 
is current 
limited 
and 
thermally 
protected. 
High voltage 
protection 
is available 


(LM2002A) which 
enables 
the amplifier 
to withstand 
40V 


transients 
on its supply. 
The LM2002 comes 
in a 5·pin 
TO·220 package. 


• 
Externally 
programmable 
gain 


• 
Wide supply 
voltage 
range (5V·20V) 


• 
Few external 
parts required 


• 
Low distortion 


• 
High input 
impedance 


• 
No turn·on 
transients 


• 
High voltage 
protection 
available 
(LM2002A) 


• 
Low noise 


• 
AC short circuit 
protected 


• 
Pin for pin compatible 
with TDA2002 
• 
High peak current 
capability 
(3.5A) 


• 
Large output 
voltage 
swing 


5 SUPPl Y VOL TAGE 


: 


4 OUTPUT 


3 GROUND 


2 INVERTING 
INPUT 


1 NON·INVERTING 
INPUT 


O.lIJF8 


Order Number 
LM2002T 
or LM2002AT 
See NS Package 
TOSA 


2000j./F+) 


1.0 
(NOTE 1) 


4!l 


TO".' 


Peak Supply 
Voltage 
(50 ms) 
LM2002A(Note2) 
LM2002 


Operati 
ng Supply 
Voltage 


Output 
Current 
Repetitive 
Non-repetitive 


Input Voltage 


Power Dissi pation (Note3) 


Operating 
Temperature 


Storage 
Temperature 


Lead Temperature(Soldering, 
10seconds) 


3.5A 
4.5A 


±0.5V 


15W 


O·Cto + 70·C 


- 60·C to + 150·C 


300·C 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


DC Output 
Level 
6.4 
7.2 
8 
V 


Quiescent 
Supply 
Current 
Excludes 
Current 
in Feedback 
Resistors 
45 
80 
mA 


Supply 
Voltage 
Range 
5 
20 
V 


Input 
Resistance 
150 
kO 


Bandwidth 
Gain=40 
dB 
100 
kHz 


Output 
Power 
Vs=13.2V, 
1=1 
kHz 


RL = 40, THD = 10% 
4.3 
W 


RL = 20, THD = 10% 
6.5 
W 


Vs = 13.8V, 1= 1 kHz 


RL=40, 
THD= 
10% 
4.8 
W 


RL = 20, THD = 10% 
7.4 
W 


Vs=14.4V, 
1=1 
kHz 


RL=40, 
THD= 
10% 
4.8 
5.2 
W 


RL=20, 
THD= 
10% 
7 
8 
W 


RL=1.60, 
THD=10% 
9 
W 


Vs=16V, 
1=1 
kHz 


RL = 40, THD = 10% 
6.5 
W 


RL = 20, THD = 10% 
10 
W 


RL=1.60, 
THD=10% 
10.5 
W 


THD 
Po=2W, 
RL=40, 
1=1 
kHz 
0.1 
% 


Po = 4W, RL=20, 
1=1 
kHz 
0.1 
% 


Rippie 
Rejection 
Rs=500, 
1=100 
Hz 
30 
40 
dB 


Rs = 500, 1= 1 kHz 
44 
dB 


Input 
Noise 
Voltage 
Rs=O, 
15 kHz Bandwidth 
2 
IN 


Input 
Noise 
Current 
Rs= 
100 kO, 15 kHz Bandwidth 
40 
pA 


Note 1: A 1.0 resistor and 0.1 p.F capacitor 
should be placed as close as possible to pins 3 and 4 for stability. 


Note 2: The LM2002 shuts down above 25V. 


Note 3: For operating at elevated temperatures, 
the device must be derated based on a 150·C maximum junction temperature and a thermal resistance 
of 


4°C/W junction 
to case. 


Typical Performance Characteristics 
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I Applications 
(Continued) 
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General 
Description 


The 
LM2877 
is a 
monolithic 
dual 
power 
amplifier 
designed 
to 
deliver 
4W/channel 
continuous 
into 
8.11 


loads. The LM2877 
is designed to operate with 
a low 


number 
of 
external 
components, 
and 
still 
provide 
flexibility 
for use in stereo phonographs, tape recorders 


and AM-FM 
stereo receivers, etc. Each power amplifier 


is biased from 
a common 
internal 
regulator to provide 


high 
power 
supply 
rejection 
and output 0 point 
cen- 
tering. 
The 
LM2877 
is internally 
compensated 
for 
all 


gains greater than 10, and comes in an 11-1eadsingle-in- 
line 
package. The package has been redesigned, result- 
ing in a slightly degraded thermal characteristic 
shown in 


the figure Device Dissipation vs Ambient 
Temperature. 


Features 


• 
4W/channel 
• 
--£8 dB ripple rejection, output 
referred 


• 
-70 
dB channel separation, output 
referred 


• 
Wide supply range, 6-24 V 


• 
Very low cross-over distortion 


• 
Low audio band noise 


• 
AC short circuit 
protected 


• 
Internal thermal shutdown 


Applications 


• 
Multi-channel 
audio systems 


• 
Stereo phonographs 


• 
Tape recorders and players 


• 
AM-FM 
radio receivers 


• 
Servo amplifiers 


• 
Intercom systems 


• 
Automotive 
products 


o 


Order Number 
LM2877P 
See NS Package 
P11A 


o 


*Pin 6 can be connected 
to pin 3 or pin 9. 


if not, pin 6 must be left with NO connection. 


Supply 
Voltage 


Input Voltage 
Operating 
Temperature 


Storage 
Temperature 


Junction 
Temperature 


Lead Temperature 
(Soldering, 
10 seconds) 


26V 


±O.7V 


O°C to +70°C 


-{;5°C to +150°C 
150°C 
300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Total Supply Current 
Po = OW 
25 
50 
mA 


Operating Supply Voltage 
6 
24 
V 


Output 
Power/Channel 
f = 1 kHz, THD = 10%, TTAB = 25°C 


Vs = 20V 
4.0 
4.5 
W 


Vs = 18V 
3.6 
W 


VS=12V,RL=4.11 
1.5 
1.9 
W 


Distortion, 
THD 
f = 1 kHz, Vs = 20V 


Po = 50 mW/Channel 
0.1 
% 


Po = 1W/Channel 
0.07 
% 


Po = 2W/Channel 
0.07 
1 
% 


f = 1 kHz, Vs = 12V, RL = 4.11 


Po = 50 mW/Channel 
0.25 
% 


Po = 500 mW/Channel 
0.20 
% 


Po = 1W/Channel 
0.15 
1 
% 


Output 
Swing 
RL = 8.11 
VS-4 
Vp-p 


Channel Separation 
CF = 50llF, 
CIN = 0.11lF, 
f= 
1 kHz, 


Output 
Referred 


Vs = 20V, Vo = 4 Vrms 
-50 
-70 
dB 


Vs = 7V, Vo = 0.5 Vrms 
-60 
dB 


PSRR Power Supply 
CF = 50llF, 
CIN = 0.11lF, 
f= 
120 Hz, 


Rejection 
Ratio 
Output 
Referred 


Vs = 20V, VRIPPLE 
= 1 Vrms 
-50 
-68 
dB 


Vs = 7V, VRIPPLE 
= 0.5 Vrms 
-40 
dB 


Noise 
Equivalent 
Input Noise 


RS = 0, CIN = 0.11lF, 
BW = 20 Hz-20 
kHz 
2.5 
IlV 


Output 
Noise Wideband 


RS = 0, CIN = 0.11lF, 
AV = 200 
0.80 
mV 


Open Loop Gain 
RS = 0, f = 1 kHz, RL = 8.11 
70 
dB 


Input Offset Voltage 
15 
mV 


Input Bias Current 
50 
nA 


Input 
Impedance 
Open Loop 
4 
M.I1 


DC Output 
Level 
Vs = 20V 
9 
10 
11 
V 


Slew Rate 
2.0 
V/IlS 


Power Bandwidth 
65 
kHz 


Current 
Limit 
1.0 
A 


Typical Performance 
Characteristics 
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Ratio 
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Frequency 
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VIN 
High 
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< 1/4 V+ 
Off 
On 
1/4 V+ to 3/4 V+ 
Off 
Off 


> 3/4 V+ 
On 
Off 


The LM2877 is an improved LM377 in typical audio ap· 
plications. 
In the LM2877, the internal voltage regulator 


for the input stage is generated from the voltage on pin 1. 
Normally 
the inputs cannot 
common·mode 
more than 


O.7V above this pin 1 voltage. Nevertheless the common· 
mode range can be increased by externally 
forcing the 
voltage on pin 1. One way to do this is to short pin 1 to 
the positive supply, pin 11. 
. 


The only special care required 
with the LM2877 is to 


limit the maximum input differential 
voltage to ±7V. If 


this differential 
voltage is exceeded, the input character· 
istics may alter. 


Figure 1 shows a power op amp application with AV = 1. 
The 100k and 10k resistors set a noise gain of 10 and are 
dictated 
by amplifier stability. 
The 10k resistor is boot· 


strapped by the feedback so the input resistance is dom· 
inated by the 1 Mrl resistor. 
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LM2878 Dual 5 Watt Power Audio Amplifier 


General Description 


The 
LM2878 
is a high 
voltage 
stereo 
power 
amplifier 


designed 
to deliver 5 W Ichannel 
continuous 
into 8{lloads. 


The amplifier 
is ideal for use with 
low regulation 
power 


supplies 
due to the absolute 
maximum 
rating of 35V and 


its superior 
power 
supply 
rejection. 
The LM2878 
is de- 


signed 
to operate 
with 
a low number 
of external 
com- 
ponents, 
and 
still 
provide 
fleXibility 
for 
use 
in stereo 


phonographs, 
tape recorders, 
and AM-FM 
stereo 
receiv- 
ers. The fleXibility 
of the LM2878 allows 
it to be used as a 


power operational 
amplifier, 
power 
comparator 
or servo 


amplifier. 
The LM2878 is internally 
compensated 
for all 


gains 
greater 
than 
10, and comes 
in an 11-lead single- 
in-line package 
(SIP). The package 
has been redesigned, 
resulting 
in 
the 
slightly 
degraded 
thermal 
character- 


istics 
shown 
in the figure 
Device Dissipation 
vs Ambient 


Temperature. 


• 
Wide operating 
range 6V-32V 


• 
5 W/channel 
output 


• 
60 dB ripple rejection, 
output 
referred 


• 
70 dB channel 
separation, 
output 
referred 


• 
Low crossover 
distortion 


• 
AC short circuit 
protected 


• 
Internal 
thermal 
shutdown 


• 
Stereo phonographs 


• 
AM-FM radio receivers 


• 
Power op amp, power comparator 


• 
Servo amplifiers 
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Frequency 
Response 
of Bass Tone Control 


Absolute Maximum Ratings 


Supply 
Voltage 
35V 


Input Voltage(Note 
1) 
±0.7V 


Operating 
Temperature 
(Note 2) 
0·Ct070·C 


Storage 
Temperature 
- 65·C to 150·C 


Junction 
Temperature 
150·C 


Lead Temperature(Soldering, 
10 seconds) 
300·C 


Electrical Characteristics 
Vs = 22V, TTAB= 25·C, 
RL = 81l, Ay = 50 (34 dB) unless 
otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Total Supply 
Current 
Po=OW 
10 
50 
mA 


Operating 
Supply 
Voltage 
6 
32 
V 


Output 
Power/Channel 
f = 1 kHz, THD = 10%, TTAB= 25·C 
5 
5.5 
W 


Distortion 
f= 1 kHz, RL=81l 
Po=50 
mW 
0.20 
% 


Po=0.5W 
0.15 
% 


Po=2W 
0.14 
% 


Output 
Swing 
RL =80 
Vs - 6V 
Vp-p 


Channel 
Separation 
CSYPAss=50!'F, 
C1N=0.1!,F 
-50 
-70 
dB 
f = 1 kHz, Output 
Referred 
Vo=4 
Vrms 


PSRR Power Supply 
CBYPASS=50!'F, 
C1N=0.1!,F 
-50 
-60 
dB 
Rejection 
Ratio 
f = 120 Hz, Output 
Referred 


V ripple = 1 Vrms 


PSRR Negative 
Supply 
Measured 
at DC, Input Referred 
-60 
dB 


Common· 
Mode Range 
Split 
Supplies 
± 15V, Pin 1 
± 13.5 
V 
Tied to Pin 11 


Input Offset 
Voltage 
10 
mV 


Noise 
Equivalent 
Input 
Noise 


Rs=O, 
CIN=0.1!,F 


BW = 20 - 20 kHz 
2.5 
!'V 
CCIR·ARM 
3.0 
!'V 


Output 
Noise Wideband 
0.8 
mV 


Rs = 0, CIN = 0.1 !,F, Ay = 200 


Open Loop Gain 
Rs= 510, f = 1 kHz, RL =80 
70 
dB 


Input 
Bias Current 
100 
nA 


Input 
Impedance 
Open Loop 
4 
MO 


DC Output 
Voltage 
Vs= 22V 
10 
11 
12 
V 


Slew Rate 
2 
VII's 


Power Bandwidth 
3 dB Bandwidth 
at 2.5W 
65 
kHz 


Current 
Limit 
1.5 
A 


Note 1: 
::t O.7Vapplies to audio applications; 
for extended range, see Application 
Hints. 


Note 2: For operation at ambient temperature greater than 25°C, the LM2878 must be derated based on a maximum 
1S0·C junction 
temperature 
using a ther- 
mal resistance 
which depends upon device mounting 
techniques. 
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POWER OUTPUT fW/CHANNHI 


Order Number 
LM2878P 
See NS Package 
P11A 


o 


o 


The LM2878 
is an improved 
LM378 
in typical 
audio 
ap- 


plications.ln 
the LM2878, the internal 
voltage 
regulatorfor 


the input stage is generated 
from the voltage on pin 1. Nor· 


mally 
the 
inputs 
cannot 
common-mode 
more than 
0.7V 


above this pin 1 voltage. 
Nevertheless 
the common-mode 


range can be increased 
by externally 
forcing 
the voltage 


on pin 1. One way to do this is to short pin 1 to the positive 
supply, 
pin 11. 


The only special 
care required 
with the LM2878 is to limit 


the maximum 
input differential 
voltage 
to ± 7V.lf this dif- 
ferential 
voltage 
is exceeded, 
the input 
characteristics 


may alter. 


Figure 
2 shows 
a power 
op amp application 
with Av = 1. 


The 100k and 10k resistors 
set a noise gain of 10 and are 


dictated 
by 
amplifier 
stability. 
The 
10k 
resistor 
is 


bootstrapped 
by the feedback 
so the input 
resistance 
is 


dominated 
by the 1 Mll resistor. 


D.lI1F 


"* 


1. R2,R5,R7,R10 
SetsvoltagegainAv= 
1 + R2IR5forone 
channel 
and 
Av= 
1 + R10/R7 
for 
the 
other 
channel. 


Resistors 
set input 
impedance 
and sup- 


ply bias 
current 
for the 
positive 
input. 


Improves 
power 
supply 
rejection 
(see 


Typical 
Performance 
Characteristics). 
8. Co 


9. C2,C10 


Stabilizes 
amplifier, 
may 
need 
to 
be larger 
depending 
on power 
supply 
filtering. 


Cll 
-r-a.'IJ.F 
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Ro 
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Input 
coupling 
capacitor. 
Pins 4 and 8 


are at a DC potential 
of Vs/2. Low 
fre- 


quency 
pole set by: 


f 
_ 
1 
L- 
21rR4C4 


Feedback 
capacitors. 
Ensure 
unity 


gain at DC. Also 
low frequency 
pole at: 


f 
_ 
1 
L- 
21rR5C5 


Works 
with 
Ro to stabi Iize output 
stage. 


Output 
coupling 
capacitor. 
Low 
fre- 


quency 
pole given 
by: 


f 
_ 
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L- 
21rRLC2 
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D.l~ 


~ 


1"D.l"F 
~ 
D.'"F 


FIGURE 
4. 
LM2878 Servo Amplifier 
in Bridge Configuration 


VIN 
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On 
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The LM3011 
is a monolithic 
wide band amplifier 


circuit 
that 
requires 
a 
minimum 
of 
external 


components for operation. 
It includes three stages 
of limiting. 


• 
A direct replacement for CA3011 


• 
High amplifier 
gain 


• 
Excellent limiting 
characteristics 


• 
Wide frequency capability 


If] 
INPUT 


Order Number 
LM3011H 
See NS Package 
H10C 


Supply 
Voltage 


Input 
Signal 
(Pin 
1) 


Power 
Dissipation 
(Note 
11 


15V 
t3V 
715mW 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 see) 


-55°C 
to +7SoC 


-6SoC to +l50°C 


3OO·C 


lotal 
Device 
Dissipation 
(PT) 


Total 
Device 
Dissipation 
(PT) 


Vcc 
:::6V 
(Figure 
1) 


Vcc 
:::7.5V 
(Figure 
1) 


Voltage 
Gain 
(A) 


Voltage 
Gain 
(A) 


Voltage 
Gain 
(AI 


Parallel 
Input 
Resistance 
(R1N) 


Parallel 
Input 
Capacitance 
(C,N) 


Parallel 
Output 
Resistance 
(ROUTl 


Parallel 
Output 
Capacitance 
(COUT) 


Noise 
Figure 
(NFl 


Vcc 
:::6V, 
f::: 
1 MHz 
(Figure 
2) 


Vcc::: 
7.5V. 
f::: 
1 MHz 
(Figure 
2) 


Vcc::: 
7.5V, 
f::: 
10.7 
MHz 
(Figure 
2) 


UNITS 


mW 


mW 


60 
66 
dB 


65 
70 
dB 


55 
61 
dB 


Hl 


pF 


31.5 
kn 


4.2 
pF 


B.7 
dB 


300 
400 
"V 


~National 
~ 
Semiconductor 


LM3075 FM Detector/Limiter and Audio Preamplifier 


The 
LM3075 
is a monolithic 
integrated 
circuit 
FM detector/limiter 
and audio 
preamplifier 
that 


requires a minimum 
of external components 
for 


operation. 
It includes three stages of 
IF limiting 


and a differential·peak·detection 
circuit. 


• 
Sensitivity: 
3 dB limiting voltage 250 IlV typical 


at 10.7 MHz 


Order Number 
LM3075N 
See NS Package 
N14A 


Order Number 
LM3075N·01 
See NS Package 
N14C 


Power Supply Current (Pin 5) 
Supply Voltage (Pin 5) 


Power Dissipation (Note 1) 


Operating Temperature 
Range 
-40°C 
to +85°C 
Storage Temperature 
Range 
~5°C 
to +150°C 


Lead Temperature 
(Soldering, 10 seconds) 
300°C 


30mA 
12.5V 
715mW 


Supply 
Current 


" 


Vcc"'8.5V 
8.5 
15 
mA 
Vcc= 
11.2V 
17.5 
mA 


Vcc'" 12.SV 
19 
29 
mA 


Detector Output 
Level (High) 
V, 
6.1 
V 


Detector Output 
Level (Low) 
V. 
Vcc=11.2V 
5.' 
V 


Audio 
Amplifier 
Output 
Le'Jel 
V" 
5.2 
V 


Input 
Limiting 
Threshold 
VINILlMI 
1 
250 
600 
.V 


AM 
Rejection 
AMR 
1 
AM: 
1 kHz@30% 
55 
dB 
V,N" 
lOOmV 


Recovered 
AF Voltage 
Vo (AF) 
1 
1.5 
V 
(At Terminal 
12) 


Total Harmonic Distortion 
THO 
1 
1 
2 
" 


Audio 
PreamplIfier 


Voltage 
Gain 
Avt~1f 
2 
V,N'" 
100 mV, 
f = 400 Hz 
21 
dB 


Total Harmonic Distortion 
THO 
2 
VOUT = 2V, 
f = 400 Hz 
1.5 
5 
" 


°l,MILLER45050AEQUIIIALENT 
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General Description 


The LM3089 
has been designed to provide all the major 


functions 
required 
for 
modern 
FM IF designs of auto- 
motive, high-fidelity 
and communications 
receivers. 


• 
Three stage I F amplifier/limiter 
provides 12/lV 
(typ) 
-3 
dB limiting 
sensitivity 


• 
Balanced product 
detector 
and audio amplifier 
pro- 
vide 400 mV (typ) of recovered audio with distortion 
as low as 0.1% with proper external coil designs 


10.7 
MHz 


INPUTl 


D.Dl#lF 


• 
Four 
internal 
carrier 
level detectors 
provide delayed 


AGC signal to tuner, 
IF level meter drive current and 


interchannel 
mute control 


• 
AFC amplifier 
provides AFC current for tuner and/or 
center tuning meters 


• 
Improved 
operating 
and temperature 
performance, 


especially 
when 
using 
high 
Q 
quadrature 
coils 
in 
narrow band FM communications 
receivers 


• 
No mute circuit 
latchup problems 


• 
A direct replacement for CA3089E 


r-----.., 
I-I 
I 
100pF 
I 
I 
I 
I 
I 
L 
.J 


Dual-In-Line 
Package 


TUNE 
MUTE 


GNO 
METER 
lOGIC 


Order 
Number 
LM3089N 
See NS Package 
N16E 


If 
IN 
DECOUPLE 
IF 
BIAS 
If 
GND 
MUTE 
AUDIO 
AFC 
IF 
INPUT 
OUT 
OUT 
OUT 


TOP 
VIEW 


Supply 
Voltage 
Between 
Pin 
11 and 
Pins 4, 
14 


DC 
Current 
Out 
of 
Pin 
12 


DC 
Current 
Out 
of 
Pin 
13 


DC 
Current 
Out 
of 
Pm 
15 


1390 mW 


-40°C 
to +8SoC 


-65°C 
to +150°C 
300·C 


+16V 
SmA 
SmA 
2mA 


Power 
Dissipation 
(Note 
2) 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Lead 
Temperature 
(Soldering, 
10 secondsl 


PARAMETER 


DC CHARACTERISTICS 
(VIN 
= 0, NOT MUTED) 


111 
Supply Current 
16 
23 
30 
mA 


Vl, 
2, 3 
IF Input and Bias 
1.2 
1.9 
2.4 
V 


V6 
Audio 
Output 
5.0 
5.6 
6.0 
V 


V7 
AFC Output 
5.0 
5.6 
6.0 
V 


Vl0 
Reference Bias 
5.0 
5.6 
6.0 
V 


V12 
Mute Control 
5.0 
5.4 
6.0 
V 


V13 
IF Level 
0 
0.5 
V 


V15 
Delayed AGC 
4.2 
4.7 
5.3 
V 


VIN(L1M) 
Input 
Limiting 
-3 dB 
12 
25 
I1V 


AMR 
AM Rejection 
VIN = 100 mV, AM: 30% 
45 
55 
-dB 


VO(AF) 
Recovered Audio 
VIN = 10 mV 
300 
400 
500 
mVrms 


THD 
Total 
Harmonic 
Distortion 


Single Tuned (Note 1) 
VIN = 100 mV 
0.5 
1.0 
% 


Double Tuned (Note 1) 
VIN = 100 mV 
01 
0.3 
% 


S+N/N 
Signal to Noise Ratio 
VIN = 100 mV 
60 
70 
dB 


V12 
Mute Control 
VIN = 100 mV 
0 
0.5 
V 


V13 
IF Level 
VIN = 100 mV 
4.0 
50 
6.0 
V 


V13 
IF Level 
VIN = 500l1V 
1.0 
1.5 
2.0 
V 


V15 
Delayed AGC 
VIN = 100 mV 
01 
0.5 
V 


V15 
Delayed AGC 
VIN=30mV 
2.5 
V 


VO(AF) 
Audio 
Muted 
VIN = 100 mV, V5 = +2.5V 
60 
-dB 


Note 1: Distortion 
is a function 
of quadrature coil used. 


Note 2: 
For operation 
in ambient 
temperatures 
above 25°C. 
the device must be derated based on a 150°C maximum junction 
temperature 
and a 


thermal resistance of 90°CfW 
junction to ambient. 
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AGC (Pin 151 and 
Meter Output 
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MUTE 
IF 
MUTE 
CONTROL 
LEVEl 
INPUT 
AFC, 
Audio and Mute Control 
Amplifiers 
OUTPUT 
METER 
OUTPUT 


SUpply Current 
(111) VI 


Supply 
Voltage 
IVll) 
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SUPPl Y VOL TAGE 
(V) 


Typical 
Audio 
Attenuation 


IPin 61 vs Mute Input 
Voltage 
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MUTE 
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·For 
single tuned 
detector 
coil: 


La tunes with 
100 pF at 10.7 MHz 
QUL 
(unloaded) 
•• 75 


QL (loaded) '" 13 for V9 '" 150 mVrms 


·-For 
double 
tuned 
detector 
coil: 


QULPR I = QULSEC 
•• 75 
kQ'" 
0.7 for V9 •• 150 mVrms 


, 


2 
J 
5 
10 
20 
30 
50 
100 


If INPUT VOLTAGE -jJV 


Note: 


The recovered 
audio 
output 
voltage 
will be approximately 
0.5 dB 
less when using the double tuned detector 
coil. 


For proper operation of the mute circuit. 
the A F voltage at pin 9 
should be 150 mVrms 
±30 mV. 


:E 
~ 
semiconductor 
...J 


The LM3189N 
is a monolithic 
integrated 
circuit 
that 
pro- 
vides all the functions 
of a comprehensive 
FM IF system. 
The block diagram 
of the LM3189N includes 
a three stage 
FM IF amplifierllimiter 
configuration 
with 
level detectors 
for each stage, a doubly 
balanced 
quadrature 
FM detector 
and an audio amplifier 
that features 
the optional 
use of a 
muting 
(squelch) 
circuit. 


The advanced 
circuit 
design 
of the 
IF system 
includes 
desirable 
deluxe features 
such as programmable 
delayed 
AGC for the RF tuner, an AFC drive circuit, 
and an output 
signal to drive a tuning 
meter and/or provide stereo switch- 
ing 
logic. 
In addition, 
internal 
power 
suppiy 
regulators 
maintain 
a nearly constant 
current 
drain over the voltage 
supply 
range of + 8.5V to + 16V. 


The LM3189N is ideal for high fidelity 
operation. 
Distortion 
in an LM3189N FM IF system 
is primarily 
a function 
of the 
phase linearity 
characteristic 
of the outboard 
detectorcoi 
I. 


The LM3189N 
has all the features 
of the LM3039N 
plus 
additions. 


The 
LM3189N 
utilizes 
the 
16-lead 
dual-in-line 
plastic 
package 
and can operate 
over the ambient 
temperature 
range of - 40"C to + 85 'C. 


• 
Exceptional 
limiting 
sensitivity: 
12,Ntypat 
- 3dBpoint 


• 
Low distortion: 
0.1% typ (with double-tuned 
coil) 


• 
Single-coil 
tuning 
capability 


• 
Improved 
(S + N)/N ratio 


• 
Externally 
programmable 
recovered 
audio level 


• 
Provides 
specific 
signal 
for control 
of inter-channel 
muting 
(squelch) 


• 
Provides specific 
signal fordirectdriveof 
a tuning meter 


• 
On channel 
step for search control 


• 
Provides 
programmable 
AGC voltage 
for RF amplifier 


• 
Provides a specific 
circuit 
for flexible 
audio output 


• 
Internal 
supply voltage 
regulators 


• 
Externally 
programmable 
ON channel 
step width, 
and 
deviation 
at which 
muting 
occurs 


r7F::P~E;------ 
-- 
--, 
I 
I 
I 
I 
I 
IL_ 


All resistance 
values are in ohms 


• L tunes with 100 pF (C) at 10.7 MHz, 00=75 
(Toko No. KACS K566HM or equivalent) 


1J 


TUNING 
METER 


OUTPUT 
U 
ON CHANNEL 
INDICATOR 


16V 


5mA 


5mA 


2mA 


1390mW 


- 40 "Cto 
+ 85 "C 


- 65 "C to + 150 "C 


300"C 


Supply 
Voltage 
Between 
Pin11 and Pins4,14 


DCCurrentOutof 
Pin12 


DCCurrentOutofPin13 


DC Current 
Out of Pin 15 


Power Dissi pation (Note 2) 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Lead Temperature(Soldering, 
10 seconds) 
Electrical Characteristics 
TA=25"C, 
v+ 
=12V 


Conditions 


(see single-tuned 
test circuit) 


I" 
Quiescent 
Circuit 
Current 
20 
31 
44 
mA 


DC Voltages: 


V1 
Terminal 
1 (IF Input) 
1.2 
2.0 
2.4 
V 


V2 
Terminal 
2 (AC Return 
to Input) 
No Signal 
Input, 
Non 
Muted 
1.2 
2.0 
2.4 
V 


V3 
Terminal 
3 (DC Bias 
to Input) 
1.2 
2.0 
2.4 
V 


V15 
Terminal 
15 (RF AGC) 
7.5 
9.5 
11 
V 


V10 
Terminal 
10 (DC Reference) 
5 
5.75 
6 
V 


V,(lim) 
Input 
Limiting 
Voltage 
( - 3 dB Point) 
12 
25 
flY 


AMR 
AM 
Rejection 
(Term. 6) 
V'N=0.1V 
45 
55 
dB 


Vo(AF) 
Recovered 
AF Voltage 
(Term. 6) 
AM 
Mod.=30% 
fo= 
10.7 MHz, 
325 
500 
650 
mV 


THD 
Total 
Harmonic 
Distortion 
(Note 
1) 
fmod=400 
Hz, 
Single 
Tuned 
(Term. 6) 
Deviation 
± 75 kHz 
0.5 
1 
% 


Double 
Tuned 
(Term. 6) 
0.1 
% 


S+N/N 
Signal 
plus 
Noise 
to Noise 
Ratio 
V'N=0.1V 


(Term. 6) 
65 
80 
dB 


fOEV 
Deviation 
Mute 
Frequency 
fmod=O 
±40 
kHz 


V16 
RF AGC Threshold 
1.25 
V 


V12 
On Channel 
Step 
V'N=0.1V 
fOEV< 
± 40 kHz 
0 
V 
fOEV> 
± 40 kHz 
5.6 


Note 1: THO characteristics 
are essentially 
a function 
of the phase characteristics 
of the network connected 
between terminals 
8, 9, and 10. 


Note 2: For operation 
in ambient 
temperatures 
above 25°C, the device 
must 
be derated 
based on a 150"C 
maximum 
junction 
temperature 
and a thermal 
resistance 
ot90"CfW 
junction 
to ambient. 


Dual-ln-L1ne 
Package 


TUNE 
MUTE 
GNO 
METER 
lOGIC 
Vec 


IF IN 
DECOUPLE 
IF 
IF 
GND 
MUTE 
AUDIO 
AFe 
IF 
BIAS 
INPUT 
OUT 
OUT 
OUT 


TOP 
VIEW 


Order 
Number 
LM3189N 
See NS Package 
N16E 


10-225 


Test Circuit 
for LM3189N 
Using a Double-Tuned 
Detector 
Coli 
,----, 
I 
3k 
I 
Igg' I 
I 
'OOpF 
I 
I 
I 
I 
I 
I _T*_ 
I 
I 
I 
I 
C2 
I 
I 
'OOpF 
I 


All resistance 
values are In ohms 


• L tunes with 
100 pF (C) at 10.7 MHz, Oo(un- 
loaded)=75 
(Toko 
No. 
KACS 
K586HM 
or 
equivalent) 


'* • C = 0.01 IiF for 50 JlS de-emphasis (Europe) 
= 0.015 .F for 75.s 
de-emphasis (USA) 


0.01 
#-IF 
S'GNAllH 
INPUT 


VOLTAGE 
~ 


• T:PRI-Oo(unloaded)=75 
(tunes with 
100 pF 
(Cl)) 20t of 34e on 7/32" dia form 
SEC-0olunloaded)=75 
(tunes 
with 
100 pF 


(C2)) 20t of 34e on 7/32" dia form 
kO(percent 
of 
critical 
coupling)=700/0 
(adjusted for coli voltage Vel = 150 mV 


Above values permit proper operation 
of mute 


(squelch) circuit "E" type slugs, spacing 4mm 


'* '* C = 0.01 JolF for 50 pS de-emphasis (Europe) 
= 0.015.F 
for 75.s 
de-emphasis (USA) 


O.Ol1JF 
S'GNAllH 
INPUT 


VOLTAGE 
-= 


,----, 
I 
l* 
I 
I 
C 
I 
I 
'00 pF 
I 


~'O.F 


AUDIO 
OUTPUT 
l'C** 
470.1 


='Ok t 
o 
. 
33 
• 
F 


TUNING METER 
150j.lA 


FUll·SCALE 


0.05.F~ 


~10.F 


AUDIO 
OUTPUT 


O.OlJ&F"1' 
= 
O:O'.F~ 


TUNING 
METER 
150pA 
FUll· 
SCALE 


Complete 
FM IF System for High Quality Tuners 


The circuit provides a complete FM IF system for a high 
quality receiver. Either one or two stages of amplification 
and bandpass filtering may be desired. depending on the 


receiver requirements. See graph for Typical Limiting and 
Noise Characteristics for each circuit configuration which 
can be compared to the LM3189N alone. 


r-;::- -1 
I 
100.' 
I 
I 
I 
L 
.J 


1" 


~ 


10.7MHl 
FROM 
TUNER 


All resistance 
values are in ohms 


CF: Ceramic 
filters, Toko CSFE or equivalent 
* L tunes with 100 pF (C) at 10.7 MHz 0o{un. 
loadedl=75 
(Toko 
No. 
KACS 
K586 HM 
or 


equivalent) 


Typical Audio Attenuation 
AM Rejection (30% Mod) vs 
Mute Control Output 
(Pin 6) vs Mute Input 


IF Input Signal 
(Pin 12) vs IF Input Signal 
Voltage (Pin 5) 
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IF INPUT VOL lAGE 
ViV) 
IF INPUT VOLTAGE <-VI 
MUTE INPUT VOL lAGE 
(PIN 5) (VI 


Muting Action, Tuner AGC, 
AFC Characteristics 
and Tuning Meter Output 
(Current at Term 7 as a 
as a Function of Input 
Function of Change in 
Signal Voltage 
Frequency) 
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CHANGE 
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Deviation Mute Threshold 
as a Function of Load 
Resistance (Between Term 
Typical Limiting and Noise 
7 and Term 10) 
Characteristics 
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~National 
~ 
Semiconductor 


The LM3820 is a 3-stage AM radio IC consisting of an RF 
amplifier, oscillator, mixer, IF amplifier, AGC detector, and 
zener regulator. 


The device was originally designed for use in slug-tuned 
auto radio applications, but is also suitable for capacitor- 
tuned portable radios. 


The LM3820 is an improved replacement for the LM1820. 


• 
Input protection diodes 
• 
Good control on sensitivity 
• 
Improved SIN and tweet 
• 
Versatile bUilding-block approach 
• 
Gain-controlled RF stage 
• 
Cascode IF amplifier 
• 
Regulated supply 
• 
Pin compatible with LM1820 


RF CROUND 


8 
SUBSTRATE 
AND 
IF AMPl GROUND 


Order Number LM3820N 
See NS Package N14A 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Supply 
Current 
(Is) 
No RF Input 
12 
18 
24 
mA 


Internal 
Zener Voltage 
(Vz) 
7.0 
7.5 
8.0 
V 


Input Sensitivity 
1=1 
MHz, 30% 
Mod 400 Hz 
15 
35 
70 
I'V 


Measure 
RF Input 
Level lor 
10 mV Audio 
Output 
with 


Tuning 
Peaked 


Signal 
to Noise 
Ratio 
1=1 MHz, 30% 
Mod 1 kHz 
22 
28 
- 
dB 


(S + N)/N at Audio 
Output 
with 
100 I'V RF Input 


Overload 
Distortion 
1=1 MHz, 90% 
Mod 1 kHz 
- 
6 
10 
% 


THD at Audio 
Output 
with 
30 mV RF Input 


1) 


20P' 
l2 


CB 
II 
II 
L__ 
II 


SIMULATES 
lOOPSTlCK 
ANTENNA" 
R'~ 
INPUT 
~ 


150pF 
TlLVT2 
II 
II 
II 
II 
II 
II 


---.., 
I 
I 
I 
I 
B.05.' 
I 
I 
I 
l 
~ 
RAGe 
'.".2110: 


"I 
.) 
I 
I 
I 
I 
I 


'J'0.05~F 


The circuit 
shown 
in Figure 
1 is recommended 
as a start- 
ing 
point 
for 
portable 
radio 
designs. 
Loopstick 
antenna 
L1 is used 
in place 
of 
LO, and 
the 
RF amplifier 
is used 
with 
a resistor 
load to drive the mixer. A double 
tuned 
cir- 
cuit 
at the output 
of the mixer 
provides 
selectivity, 
while 
the 
remainder 
of the 
gain 
is provided 
by the 
IF section, 
which 
is matched 
to the diode 
through 
a unity 
turns 
ratio 
transformer. 
RAGC may 
be 
used 
in 
place 
of 
CAGC to 
bypass 
the 
internal 
AGC 
detector 
and 
provide 
more 
recovered 
aud io. 


An 
AM 
automobile 
radio 
design 
is shown 
in Figure 
2. 


Tuning 
of 
both 
the 
input 
and 
the 
output 
of 
the 
RF 
amplifier 
and the mixer 
is accomplished 
with 
variable 
in- 


ductors. 
Better 
selectivity 
is obtained 
through 
the use of 
double 
tuned 
interstage 
transformers. 
Input 
circuits 
are 
inductively 
tuned 
to prevent 
microphonics 
and provide 
a 
linear 
tuning 
motion 
to facilitate 
push-button 
operation_ 


AM pvc 
AM ANT 
AM oSC 
vc 
L1 
LO,L2 
525kHz-1650kHz 
980 kHz·2105kHz 
e·fle. 
lie: J::[ 


II 
l10T 


10hlmm II 
"0 
CA=140 
pF 
II 
CB",,60 pF 
L=360I'H 
L=650"H 
Qu= 110 
Qu=250 


AM 1st IF 
AM 2nd IF 
AM 3,d IF 
T1 
T2 
T3 
455kHz 
455 kHz 
455 kHz 


150"FEXT 
jj[-1~-][ ,~,,[ 


lIT 
II 
II 
II 
21 
1421 
II 
7T 
II 
351 


l1T 
II 
II 
lIT 
II 


c= 180 pF 
C=47 pF 
C=l80pF 


Qu:l040 
Qu= 120 
Qu= 
140 


-10 


••:s 


-20 
>~ -30 
~ 
~ -40 
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0.003.' 
/\ 
..L 
II 
.". 
II 


*O.05JlF 


9 
____ J 


~O.l.uF 


TRANSFORMERS 
T1: C = 130 pF primary & secondary 
primary to secondary tap ratio-30:1 
0=60 
coupling-critical 


T2: C = 130 pF primary & secondary 


primary tap ratio-8.5:1 
secondary tap ratio-B.5:1 
0=60 
coupling-critical 


IJi.L 


100 


AUDIO 
OUTPUT 


150k 


*O'OOS"F 


~National 
~ 
Semiconductor 


LM4500A High Fidelity FM Stereo Demodulator with Blend 


The lM4500A 
is an improved 
stereo 
demodulator 
IC of- 
fering very low audio distortion. 
A new demodulator 
tech- 
nique minimizes 
adjacent 
station 
interference 
caused 
by 
subcarrier 
harmonics 
and 
prevents 
lock-up 
problems 
from pilot carrier 
frequency 
harmonics. 
The IC features 
a 
blend 
circuit 
which 
optimizes 
the 
signal-to-noise 
ratio 
under weak signal 
conditions 
by gradually 
combining 
left 
and right channel 
information. 


• 
low 
distortion-O.1% 
typ 


• 
High subcarrier 
harmonic 
rejection 


• 
large 
input dynamic 
range-2.5 
Vp-p 


• 
Voltage 
controlled 
blend 


• 
High separation-fixed 
or adjustable 


• 
Adjustable 
gain 


• 
Reduced 
stereo-mono 
DC shift-5 
mV typ 


• 
55 dB supply 
ripple 
rejection 


• 
low 
output 
impedance 


• 
Requires 
no external 
inductors 


• 
Wide supply 
range 8V-16V 


• 
Excellent 
rejection 
of 57 kHz ARI subcarrier 


C3 
220 pF 
N220 


PI 
5k 
VCO 
ADJUST 


STEREO 
INDICATOR 
lED 
R 


OUTPUTS 


Order Number 
lM4500AN 
See NS Package 
N16A 


.-ower Ulsslpallon 
(l-'acKage Limitation) 
1800mW 
Derate above TA = + 25 "C 
15mWt"C 


Operating 
Temperature 
Range(Ambient) 
- 40 "Cto + 85 "C 


Storage Temperature 
Range 
- 65 "C to + 150 "C 


Lamp Drive Voltage 
Max Voltage at Pin 7 with Lamp "Off" 
30V 


LampCurrent 
100mA 


Blend Control 
Input Voltage(Pin 
11) 
10V 


Electrical Characteristics 
Unless otherwise 
noted: Vcc= 
12 Voc, TA = 25°C, Vp-p standard 
multiplex 
composite 
signal 
with 
Lor 
R channel 
only modulated 
at 1.0 kHz and with 10% pilot 
level, using 
circuit 
of Figure 
1 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Stereo 
Channel 
Separation 
Unadjusted 
30 
dB 
Optimized 
on Other 
Channel 
(Note 
1) 
40 
dB 


Measured 
Voltage 
Gain (Note 
1) 
0.8 
1 
1.2 


THO 
2.5 Vp-p Composite 
Input 
Signal 
0.15 
0.3 
% 


1.5 Vp-p Composite 
Input 
Signal 
0.08 
% 


Signal-to-Noise 
Ratio 
DIN45405 
Quasi 
Peak Reading 
83 
dB 


rms 20 Hz·15 kHz 
88 
dB 


Ultrasonic 
Frequency 
Rejection 
19 kHz 
31 
dB 
38 kHz 
45 
dB 


Stereo 
Switch 
Level 
19 kHz Input 
Level for Lamp 
"On" 
12 
16 
20 
mVrms 
Hysteresis 
8 
dB 


Output 
Voltage 
Change 
With 
Mono/Stereo 
Switching 
(Note 
3) 
3 
20 
mVoc 


Stereo 
Blend 
Control 
Voltage 
(Pin 11) 
3 dB Separation 
0.7 
V 
(See Figure 
8) 
30 dB Separation 
1.7 
V 


Minimum 
Separation 
Pin 11 at OV 
1 
dB 


Monaural 
Channel 
Imbalance 
Pilot 
Tone Off 
0.03 
0.3 
dB 


ARI 57 kHz Pilot 
Tone Influence 
on THO 
Note 2 
0.5 
% 


Sub-Carrier 
Harmonic 
Rejection 
76 kHz 
80 
dB 
114 kHz 
70 
dB 
152 kHz 
83 
dB 


Supply 
Ripple 
Rejection 
f= 
1 kHz 
57 
dB 


Input 
Impedance 
50 
klJ 


Output 
Impedance 
100 
lJ 


Blend 
Control 
Current 
(Note 
1) 
-100 
-300 
p.A 


Capture 
Range 
±4 
% 


Operating 
Supply 
Voltage 
8 
16 
V 


Current 
Drain 
Lamp 
Disconnected 
35 
mA 


Note 1: See Applications 
Information 
and Circuit Description. 


Note 2: ARI Test-input 
signal: 1.5 Vp·p standard composite 
signal, 1 kHz modulation 
added to a CW 50 mVrms signal at 57.3 kHz. 


Note 3: This test is done with the stereo indicator lamp disconnected 
in order to remove DC shift due to thermal changes. These shifts have long time con· 


stants (100 ms) and therefore do not produce audible transients. 


Typical Performance Characteristics 
VCO Free Running 
Supply Current vs 
Power Supply Rejection vs 
Frequency vs 
Supply Voltage 
Supply Voltage 
Supply Voltage 
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SUPPLYVOLTAGEIV) 
SUPPLY VOLTAGE IV) 
SUPPl 
Y VOL TAGE 
(V) 


Channel Separation vs 
Total Harmonic Distortion 
Lamp Pin Saturation 
Supply Voltage 
vs Composite Input Level 
Voltage vs Current 
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SUPPLYVOLTAGEIV) 
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VCO Free Running 
Stereo Separation vs 
Frequency Drift vs 
Input Impedance vs 
Temperature 
Temperature 
Temperature 
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Lamp Pin Saturation 
Stereo Switch Threshold 
Voltage vs 
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Typical Performance Characteristics 
(Continued) 


Total Harmonic Distortion 
Separation vs 
Power Supply Rejection 
vs Frequency 
Frequency 
vs Frequency 
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The LM4500A 
is a phase-lock-loop 
stereo decoder 
which 
incorporates 
a variable 
separation 
control, 
and in which 
sensitivity 
to the third harmonics 
of both the pi lot and sub- 


carrier 
frequencies 
has been eliminated 
by the use of ap- 
propriate, 
digitally 
generated, 
waveforms 
in the phase- 


lock-loop 
and decoder 
sections. 


The variable 
separation 
control 
may be operated 
manual- 


ly, or by a receiver's 
AGC or S meter 
signals, 
to provide 
smooth 
transitions 
between 
monaural 
and stereo 
recep- 


tion. 
It operates 
only during 
stereo 
reception: 
the circuit 
switches 
automatically 
to monaurai 
if the 19 kHz pilot 
tone is absent. 


The elimination 
of sensitivity 
to the third harmonic 
of the 
sub-carrier 
(114 kHz) excludes 
interference 
from the side- 
bands 
of adjacent 
transmitters, 
while 
the elimination 
of 
sensitivity 
to the third harmonic 
of the pilot tone (57 kHz) 


excludes 
interference 
from 
the 
ARI* 
system 
which 


employs 
this frequency. 


Circuit 
Operation 


The block 
diagram 
of the circuit, 
shown 
in Figure 
2, con- 


sists of three sections, 
the phase-lock-loop, 
including 
the 
digital 
waveform 
generator, 
the stereo 
switch, 
and the 
decoder, 
in 
which 
the 
composite 
stereo 
signal 
is 
demodulated 
and matrixed 
to separate 
Land R channels. 


In the phase-lock-loop 
the internal 
RC oscillator, 
operating 
at 228 kHz, feeds a 3-stage Johnson 
counter, 
via a binary 
divider, to generate a series of 19 kHz square waves. By the 
use of 
suitably 
connected 
NAND 
and 
EXCLUSIVE 
OR 
gates, the waveforms 
shown in Figure 3, which are used to 
drive the various 
modulators 
in the circuit, 
are developed. 


__I 
L 


The use of such drive waveforms 
produces 
the modulating 


functions 
also 
shown 
in 
Figure 
3. The 
usual 
square 


waveforms 
have been replaced in the PLL and decoder sec- 


tions by 3-level forms which contain 
no third harmonic 
(ac- 


tually 
no harmonics 
which are multiples 
of 2 or 3 are pres- 


ent). 
This 
eliminates 
the 
frequency 
translation 
of 
in- 


terference 
from these bands into the low frequency 
region. 


Such translation 
may produce 
audible 
components 
in the 


decoder 
section 
from the sidebands 
of adjacent 
channel 


FM signals, 
and may produce phase jitter, and consequent 


intermodulation 
distortion, 
in the PLL, from the modulated 


57 kHz tones of the ARI system. The LM4500A is inherently 
free from these effects. 


The stereo 
switch 
section 
is of conventional 
form 
(e.g. 


LM1310). 


The decoder 
section 
consists 
of a modulator 
(driven 
by 


the waveforms 
shown 
in Figure 
3) whose outputs 
are the 


inverted 
and 
non-inverted 
channel 
difference 
signals. 


These 
signals 
pass 
to 
the 
output 
amplifiers 
via 
the 


variable 
blend 
circuit 
in which 
they 
are partially 
com· 


bined, 
and hence mutually 
attenuated, 
according 
to the 
control 
voltage 
applied. 


Matrixing 
occurs 
at the inputs 
of the output 
amplifiers, 


where the unmodified 
composite 
signal 
is added to the 
blended 
channel 
difference 
signals. 
The stereo 
separa· 


tion maybe progressively 
reduced from maximum 
tozero; 


dependent 
on the 
blending. 
The control 
law has been 


made 
non-linear, 
as the 
major 
redistribution 
of sound 


energy occurs at very low separation 
levels. For monaural, 


or very weak stereo signals, 
the modulator 
in the decoder 


section 
is deactivated 
by the stereo 
switch 
circuit. 
The 
variable 
separation 
control 
is thus, 
also, 
automatically 


disabled. 


defined 
by shunt 
feedback 
via the external 
RC networks 


(R3, C6, R4, C7 of Figure l)aroundtheoutput 
amplifiers. 
The 
gain is unity when resistors 
of 5.1 kfl are used. Highergains 
may be obtained 
by using networks 
of the form shown 
in 
Figure 
4. 


The resistors 
R6, R7 are added to correct the output 
quies- 


cent voltage 
levels which are optimised 
for R3,R4 = 5.1 kfl 


and which 
would, 
if uncorrected, 
become 
too 
low with 
higher 
value 
resistors. 
Suitable 
network 
values 
are as 


follows: 


Gain (dB) 
R3,R4 
C6,C7 
R6,R7 
50/,s 
75/'s 


0 
5.1 kfl 
10 nF 
15 nF 


3 
6.8 kfl 
6.8 nF 
10 nF 
47k± 
10% 


6 
10k 
4.7 nF 
6.8 nF 
27k± 
10% 


The maximum 
output 
level is 1Vrms; consequently 
the max 


input is limited 
to 1.4 Vp-p if the gain is set to 6 dB. 


-----, 
BLEND 
CIRCUIT 
_____ 
.J 


4V 
19 kHz 


2.5V =t..JL 


Figure 
5, 
to 
compensate 
for 
the 
receiver's 
IF 
characteristics. 


This 
network 
reduces 
the amplification 
of the channel 
sum signal 
In the decoder, 
to compensate 
the attenua- 


tion of the channel 
difference 
signal 
In the receiver's 
IF 
section. 
The network 
shown 
will compensate 
for up to 2 
dB attenuation 
at 38 kHz. The decoder 
gain is, obviously, 


reduced 
by an amount 
equal 
to the 
compensation 
re- 
quired_ When used as described, 
the adjustment 
also cor· 


rects the inherent 
separation 
of the decoder, 
which 
may 
be optimised 
on one channel. 
Optimization 
of both chan· 
nels is possible 
if separate 
potentiometers 
are used to 
feed each output 
amplifier_ 


PIN 2 


56k I 
PIN3:::J---.5 
% 


10k 


PIN6 
56k 
5% 
_ 


Variable 
Separation 
(Blend) Control 
and 19 kHz Output 


To retain 
the 16·pin package 
the blend control 
has been 
combined 
with 
the 19 kHz output 
on pin 11_The internal 
circuit 
providing 
this combination 
is shown 
in Figure 
6. 


If pin 11 is left open·circuit 
the 19 kHz signal 
appears 
at a 
mean 
DC level of 4V. The blend 
circuit 
is inoperative 
at 
this level and the decoder 
provides 
full separation. 
The 19 


kHz signal 
can be used to tune the internal 
oscillator. 


To reduce the separation 
the voltage 
on pin 11 is reduced. 


At 3.2V T2 ceases 
conduction 
and 
the 
19 kHz signal 
disappears. 


At 2.0V the blend 
circuit 
comes 
into operation 
and the 
separation 
decreases 
according 
to the curve 
shown 
in 
Figure 
8. 


IT 


"'N'O 


10k 
220 pF 
2" 
,,, 


TEST 
POINT 


~ 
220 
kHz 
MON'TOR 


.k 
1'.. 
-=- 
-=- 


v, 
, 


- 
'" 
-~,.- - 
I- 
- 
- 
I- 
. 
0.4 
0.8 
0.8 
1.0 
1.2 
1A 
'.8 t.. 
2.0 


DC 
VOLTAGE 
APPLIED 
TO PIN 
1'1 (Voe) 


FIGURE 
8 


OecU'ator 
Tuning 


If 
the 
varlabl. 
"epa,.atlon 
facility 
Ie 
not 
required 
pin 
'1'1 
Ie 


'eU 
open-circuit 
and 
the 
19 
kH% 
81gnal 
""'hlch 
then 
ap- 


pears 
may 
be 
used 
to 
Indicate 
the 
oscillator 
frequency. 
It 


the 
variable 
sop.ratlon 
Is 
used. 
and 
the 
drive 
clroult 
prevents 
IIICO ••• 
to 
the 
19 
kHz 
signa'. 
thon 
the 
oscillator 
frequenoy 
mua. 
be 
measured 
directly. 
A tost 
point 
should 


be 
obtained 
by 
modifying 
the 
oBclllator 
RC 
net\Nork 
as 
In 


Figure 
7. 


Ext.,.n.' 
Mono--St.reo S_ltChlng 
and 
Oaeillator 
KillinG 


If 
required 
the 
LM4S00A 
oan 
be 
forced 
Into 
mono 
mode 
.Imply 
by 
oroundlng 
pin 
9 
(.e. 
Flgvre 
'1). 
Tho 
228 
kHz 


osoillator 
"",III 
be 
automatloally 
etopped. 


The 
oondltlone 
governing 
mono/stereo 
s"",ltohlng 
on 
pin 
9 
ere 
the 
follo"",lng: 


Qulesoent 
Voltage: 
+ 2.3 
VOc 


Current 
required 
to 
ensure 
mono 
operation 
("",lth 
100 


mVrms 
pilot 
level): 
10 ~A 
(from 
pin 
9 to 
ground) 


Hyateresls: 
0.7 
#LA 


Stereo/mono 
."",Itohlng 
& 
o.olilator 
killing: 
les. 
than 
+500 
mV 
Maximum 
stray 
oapaoltanoe 
bet""'een 
pin 
9 
and 


ground: 
100 
pF 


The 
output 
Is 
a 
pul.e 
treln 
of 
approximately 
1.5V 


amplitude. 
Conneotlng 
frequency 
counters 
of 
up 
to 
300 
pF 
Input 
oapaoltanoe 
produoes 
less 
than 
0.30/0 
change 
of 
the 
osoillator 
frequenoy. 
"",hlch 
should 
be 
eet 
to 
228 
kHz. 


High 
Loop 
O.ln 
Component. 


For 
applications 
demanding 
operation 
under 
10"'" 
pilot 
level 
(e.g. 
car 
radio) 
the 
follo"",lng 
component 
ohange. 
to 
FIgure" 
are 
reoommended. 


External 
Component 
Functlone 
P1 
19 
kHz 
frequenoy 
adJuetment 
P2 
Channel 
aeparatlon 
adJuatment 
and 
oompen 
•• 
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tlon 
for 
IF 
rOll-Off. 


R3. 
ReGain 
fixing 
resletor 
•. 
The 
values 
sho"",n 
In 
the 


sohematlo 
are 
for 
unity 
gain. 
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capacitors. 
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nF 
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nF 


~National 
~ 
Semiconductor 


LM13600/LM13600A/LM11600A 
Dual Operational 


Transconductance Amplifiers With Linearizing Diodes 
and Buffers 


General Description 
The 
LM13600 series 
consists 
of two 
current 


controlled 
transconductance 
amplifiers 
each 


with differential 
inputs and a push pull output. 


The two amplifiers 
share common supplies 
but 


otherwise 
operate 
independently. 
Linearizing 


diodes 
are provided 
at the 
inputs 
to reduce 


distortion 
and allow 
higher 
input 
levels. 
The 


results 
is a 10 dB signal-to-noise 
improvement 


referenced 
to 0.5 percent 
THD. Controlled 
im- 


pedance 
buffers 
are provided 
which 
are espe- 


cially 
designed 
to 
complement 
the 
dynamic 


range of the amplifiers. 


Features 
• gm adjustable 
over 6 decades 


• Excellent 
gm linearity 
• Excellent 
matching 
between amplifiers 


• Linearizing 
diodes 
• Controlled 
impedance 
buffers 
• 
High output 
signal to noise ratio 
• Wide supply range ± 2V to ± 22V. 


Applications 
• Current controlled 
amplifiers 
• Current controlled 
impedances 
• Current controlled 
filters 
• Current controlled 
oscillators 
• Multiplexers 
• Timers 
• Sample and hold circuits 


Order 
Number 
LM13600J 
or LM11600AJ 
See NS Package 
J16A 


Order 
Number 
LM13600N 
or LM13600AN 
See NS Package 
N16A 


r- 


LM '.)OVUN, 
LM I.,jOUUAN 
570mW 
I 


LM13600J,LM11600AJ 
600mW 
s: 
Differential Input Voltage 
±5V 
~ 


Diode Bias Current (10) 
2mA 
CA) 


Amplifier Bias Current (IABC) 
2mA 
0)0 
Output Short Circuit Duration 
Indefinite 
0 


Buffer Output Current (Note 3) 
20mA 
:t> 
Operating Temperature Range 
- 
LM13600N, LM13600AN 
O· Cto + 70· C 
r- 


LM13600J, LM11600AJ 
-55· C to + 125· C 
s: 


DC Input Voltage 
+ Vs to-VS 
~ 


Storage Temperature Range 
-65· C to + 150· C 
~0) 
Lead Temperature (Soldering, 10 seconds) 
300· C 
00 


Electrical 
Characteristics 
(Note 4) 
:t> 


Parameters 
Conditions 
LM13600 
;LM13600ALM11600A 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Input Offset Voltage (Vas) 
0.4 
4 
0.4 
1 
mV 
Over Specified Temperature Range 
2 
mV 


IABC 5 ~A 
0.3 
4 
0.3 
1 
mV 
Vas Including Diodes 
Diode Bias Current (10) = 500 ~A 
0.5 
5 
0.5 
2 
mV 
Input Offset Change 
5 ~A S IABC S 500 ~A 
0.1 
3 
0.1 
1 
mV 
Input Offset Current 
0.1 
0.6 
0.1 
0.6 
~A 
Input Bias Current 
0.4 
5 
0.4 
5 
~A 
Over Specified Temperature Range 
1 
8 
1 
7 
~A 
Forward 
Transconductance(gm) 
6700 
9600 
13000 
7700 
9600 
12000 
~mho 


Over specified Temp Range 
5400 
4000 
~mho 
gm Tracking 
0.3 
0.3 
dB 
Peak Output Current 
RL= 0, IABC = 5~A 
5 
3 
5 
7 
~A 


RL= 0, IABC = 500 ~A 
350 
500 
650 
350 
500 
650 
~A 


RL = 0, Over Specified Temp Range 
300 
300 
~A 
Peak Output Voltage 


Positive 
RL=oo, 5 ~A S IABCs 
500 ~A 
+12 
+ 14.2 
+12 
+ 14.2 
V 
Negative 
RL=oo, 5 ~A S IABCs 
500 ~A 
-12 
-14.4 
-12 
-14.4 
V 


Supply Current 
IABC=500~A,Both Channels 
2.6 
2.6 
mA 
Vas Sensitivity 


Positive 
L VasiL 
V+ 
20 
150 
20 
150 
~VIV 
Negative 
6. VasiL 
V- 
20 
150 
20 
150 
~VIV 
CMRR 
80 
110 
80 
110 
dB 
Common Mode Range 
± 12 
± 13.5 
±12 
± 13.5 
V mJI 


Crosstalk 
Referred to Input (Note 5) 
20 Hz < f < 20 KHz 
100 
100 
dB 
Diff.lnput Current 
IABC = 0, Input = 
±4V 
0.02 
100 
0.02 
10 
nA 
Leakage Current 
IABC = 0 (Refer To Test Circuit) 
0.2 
100 
0.2 
5 
nA 
Input Resistance 
10 
26 
10 
26 
KG 


Open Loop Bandwith 
2 
2 
MHz 
Slew Rate 
Unity Gain Compensated 
50 
50 
V/~Sec 
Buff. Input Current 
(Note 5, Except IABC = 0 ~A) 
0.2 
0.4 
0.2 
0.4 
~A 
Peak Buffer Output Voltage 
(Note 5) 
10 
10 
V 


Note 1. For selections to a supply voltage above ± 22V, contact factory. 
Note 2. For operating at high temperatures, the device must be derated based on a 150· C maximum junction temperature and a thermal 
resistance of 175· C/W which applies for the device soldered in a printed circuit board, operating in still air. 
Note 3. Buffer output current should be limited so as to not exceed package dissipation. 
Note 4. These speclflcationslapply 
for Vs = ± 15 V, TA = 25· C, amplifier bias current (IABC) = 500~A, pins 2 and 15 open unless 
otherwise specified. 
The inputs to the buffers are grounded and outputs are open. 
Note 5. These specifications 
apply for Vs = ± 15V, IABC = 500 ~A, ROUT = 5 Kn connected from the buffer output to - Vs and the 
input 
of the buffer is connected to the transconductance amplifier output. 
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Circuit Description 


The differential 
transistor 
pair 04 and 05 form a 


transconductance 
stage in that the ratio of their 


collector 
currents 
is defined 
by the differential 


input 
voltage 
according 
to the 
transfer 
func- 
tion: 


where VIN is the differential 
input voltage. KT/q 


is approximately 
26 mV at 25° C and 15and 14 


are the collector 
currents 
of transistors 
05 and 


04 respectively. 
With the 
exception 
of 03 and 


013. all transistors 
and diodes 
are identical 
in 


size. Transistors 
01 and 02 with Diode D1 form 


a current 
mirror 
which 
forces 
the sum of cur- 
rents 14and 15to equallABC; 


where IABC is the amplifier 
bias current applied 


to the gain pin. 


For small differential 
input voltages 
th~ ratio of 


14and 15approaches 
unity and the Taylor series 


of the In function 
can be approximated 
as: 


KT 
'5 
KT 
~ 
q 
In14 ""'q 
14 


[IABC q] 


2KT 


Collector 
currents 
14and 15are not very useful 


by themselves 
and it is necessary 
to subtract 


one current 
from the other. The remaining 
tran- 
sistors 
and diodes 
form 
three 
current 
mirrors 


that produce an output current equal to 15minus 
14thus: 


The term in brackets 
is then the transconduc- 
tance 
of the amplifier 
and is proportional 
to 


IABC· 


Linearizing 
Diodes 


For differential 
voltages 
greater 
than 
a few 


millivolts, 
Equation 
3 becomes 
less valid and 


the 
transconductance 
becomes 
increasingly 


nonlinear. 
Figure 1 demonstrates 
how the inter- 


nal diodes can linearize the transfer 
function 
of 


the 
amplifier. 
For 
convenience 
assume 
the 


diodes are biased with current 
sources and the 


input 
signal 
is in the form of current 
IS. Since 


the sum of 14and 15is IABC and the difference 
is lOUT, currents 
14 and 15 can be written 
as 


follows: 


lOUT 


2 


lOUT 
+ 
-- 2 


Since the diodes and the input transistors 
have 


identical 
geometries 
and are subject 
to similar 


voltages 
and 
temperatures, 
the 
following 
is 


true: 


ID 
IABC 
lout 


2 + IS 
2 
+ 
2 
KT 
___ 
KT In 
q In ID _ IS 
q 
IABC 
lout 


2' 
-2- 
- -2- 


:. 
'out = IS el~~C) 


Notice 
that 
in 
deriving 
Equation 
6 
no 


approximations 
have been made and there are 


no temperature 
dependent 
terms. 
The limita- 


tions are that the signal current 
not exceed ID/2 


and that the diodes 
be biased with currents. 
In 


practice, 
replacing 
the 
current 
sources 
with 


resistors 
will generate 
insignificant 
errors. 


Controlled Impedance 
Buffers 


The upper limit of transconductance 
is defined 


by the 
maximum 
value 
of 
IABC (2 mAl. The 


lowest value of IABC for which the amplifier 
will 
function 
therefore 
determines 
the 
overall 


dynamic 
range. At very low values of IABC. a 


buffer which 
has very low input bias current 
is 


desirable. 
A FET follower 
satisfies 
the low input 


current 
requirement, 
but 
is 
somewhat 
non- 


linear 
for large voltage 
swing. 
The controlled 


impedance 
buffer 
is 
a 
Darlington 
which 


modifies 
its input bias current to suit the need. 


For 
low 
values 
of 
IABC, 
the 
buffer's 
input 


current 
is minimal. 
At higher 
levels 
of IABC, 


transistor 
03 biases up 012 with a current 
pro- 


portional 
to IABC for fast slew rate. 


ApplicationslVoltage 
Controlled 
Amplifiers 


Figure 2 shows how the linearizing 
diodes can 


be used in a voltage 
controlled 
amplifier. 
To 


understand 
the 
input 
biasing, 
it 
is 
best 
to 


consider 
the 13 KO resistor as a current source 
and use a Thevenin equivalent 
circuit 
as shown 


in Figure 3. This circuit 
is similar 
to Figure 1 
and operates 
the same. The potentiometer 
in 
Figure 2 is adjusted 
to minimize 
the effects 
of 


the control 
signal at the output. 


For 
optimum 
signal-to-noise 
performance, 


IABC should be as large as possible 
as shown 
by the Output Voltage vs. Amplifier 
Bias Current 
graph. 
Larger amplitudes 
of input signal also 


improve 
the SIN ratio. 
The linearizing 
diodes 


help here by allowing 
larger input 
signals 
for 


the same output 
distortion 
as shown 
by the 


Distortion 
vs. Differential 
Input Voltage graph. 


SIN 
may 
be 
optimized 
by 
adjusting 
the 
magnitude 
of the input signal 
via RIN (Figure 


2)until 
the 
output 
distortion 
is 
below 
some 


desired 
level. The output 
voltage 
swing 
can 
then be set at any level by selecting 
RL. 


Although 
the noise contribution 
of the lineariz- 


ing diodes is negligible 
relative to the contribu- 


tion 
of the amplifier's 
internal 
transistors, 
ID 
should be as large as possible. 
This minimizes 


the dynamic 
junction 
resistance 
of the diodes 
(re) and maximizes their linearizing action when 
balanced against RIN. A value of 1 mA is recom- 
mended for ID unless the specific 
application 


demands otherwise. 


JOUT = IS ell;BC) 
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vide 
a Stereo 
Volume 
Control 
with 
a typical 


channel-to-channel 
gain tracking 
of 0.3 dB. Rp 


is 
provided 
to 
minimize 
the 
output 
offset 


voltage 
and may be replaced 
with 
two 
5100 


resistors 
in AC-coupled 
applications. 
For the 


component 
values given, amplifier 
gain is deriv- 


ed from Figure 2 as being: 


va 


= 940 x IASC 
VIN 


21S 
(V"+1.4 
V) 


'0 
RC 


The constant 
term 
in the above equation 
may 


be cancelled 
by feeding 
IS x IORcJ2(V-+1.4V) in- 


to la.The circuit 
of Figure 6 adds RM to provide 


this 
current, 
resulting 
in a four-quadrant 


multiplier 
where 
RC is trimmed 
such 
that 


Vo = OV for VIN2 = OV. RM also serves as the 
load resistor 
for 10. 


voltage 
applied 
at RX generates 
a VIN to the 


LM13600 which 
is then multiplied 
by the gm of 


the amplifier 
to produce an output current, thus: 


Noting that the gain of the LM13600 amplifier 
of 


Figure 
3 
may 
be 
controlled 
by 
varying 
the 


linearizing 
diode current 10 as well as by varying 


IABC, Figure 7 shows 
an AGC Amplifier 
using 


this 
approach. 
As Vo 
reaches 
a high enough 


amplitude 
(3VBE) to turn on the Darlington 
tran- 


sistors and the linearizing 
diodes, the increase in 


10 reduces the amplifier 
gain so as to hold Vo at 


that level. 
where 
gm ~ 19.21ABC at 25°C. 
Note 
that 
the 


attenuation 
of Vo by Rand 
RA is necessary 
to 


maintain 
VIN 
within 
the 
linear 
range 
of 
the 


LM13600 input. 
Voltage Controlled Resistors 


An Operational 
Transconductance 
Amplifier 


(OTA) may be used to implement 
a Voltage Con- 


trolled 
Resistor 
as shown 
in Figure 8. A signal 


Figure 9 shows a similar 
VCR where the 
linear- 


izing diodes are added, essentially 
improving 
the 


noise performance 
of the resistor. A floating VCR 


is shown 
in Figure 10, where each "end" 
of the 


"resistor" 
may be at any voltage 
within 
the out- 
put voltage 
range of the LM13600. 


having the advantage 
that the required 
buffers 
are included 
on the I.C. The VC Lo-Pass Filter of 
Figure 11 performs 
as a unity-gain 
buffer ampli- 
fier at frequencies 
below cut-off, 
with the cut-off 
frequency 
being the point at which Xc/gm 
equals 
the closed-loop 
gain of (R/RA). At frequencies 
above cut-off the circuit 
provides a single RC roll- 
off (6 dB per octave) of the input signal amplitude 
with a -3 dB point defined 
by the given equation, 
OTA's are extremely 
useful 
for 
implementing 


voltage 
controlled 
filters, 
with 
the 
LM13600 


2R 
RX =-- 
gm RA 


vo 


fo=RAgm 
(R+RA)21TC 


where gm is again 19.2 x IABC at room tempera· 
ture. 
Figure 
12 shows 
a VC High-Pass 
Filter 


which 
operates 
in much the same manner, pro- 


viding a single RC roll-off 
below the defined cut· 
off frequency. 


Additional 
amplifiers 
may be used to implement 


higher order filters 
as demonstrated 
by the two- 


pole Butterworth 
Lo-Pass Filter of Figure 13 and 


the state variable filter 
of Figure 14. Due to the 


excellent 
gm tracking 
of the two amplifiers 
and 


the varied bias of the buffer 
Darlingtons, 
these 


filters 
perform 
well 
over 
several 
decades 
of 


frequency. 


Vo 


fo:RA'm 


IRtRA121TC 


Oscillators 
which 
may 
be 
built 
utilizing 
the 
LM13600. With 
the component 
values 
shown, 
this oscillator 
provides 
signals 
from 200 kHz to 
below 2 Hz as Ie is varied from 1mA to 10nA. The 
output 
amplitudes 
are set by IA x RA- Note that 


the peak differential 
input voltage 
must be less 
than 5 volts to prevent zenering the inputs. 


The ve Lo-Pass Filterof 
Figure 11maybe used to 
produce 
a high-quality 
sinusoidal 
veo. 
The 
circuit 
of 
Figure 
16 employs 
two 
LM13600 
packages, with three of the amplifiers 
configured 
as lo-pass 
filters 
and the fourth 
as a limiter/- 
inverter. The circuit oscillates 
at the frequency 
at 
which the loop phase-shift 
is 360· or 180· forthe 
inverter 
and 60· 
per filter 
stage. 
This 
veo 
operates 
from 5 Hz to 50 kHz with less than 1% 


THO. 
A few modifications 
to this circuit 
produce 
the 
ramp/pulse 
veo 
of Figure 16. When V02 is high, 
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Figure 18. Single Amplifier veo 


Figure 18 shows how to build a veo 
using one 


amplifier 
when the other amplifier 
is needed for 


another function. 


Figure 19 presents an interesting 
one-shot which 
draws no power supply 
current 
until 
it is trig- 
gered. A positive-going 
trigger 
pulse of at least 
2V amplitude 
turns on the amplifier 
through 
RB 
and 
pulls 
the 
non-inverting 
input 
high. 
The 
amplifier 
regenerates and latches its output high 
until capacitor 
e charges to the voltage level on 
the 
non-inverting 
input. 
The 
output 
then 


switches 
low, 
turning 
off 
the amplifier 
and 
discharging 
the 
capacitor. 
The 
capacitor 
discharge 
rate is speeded 
up by shorting 
the 
diode bias pin to the inverting 
input so that an 
additional 
discharge 
current 
flows 
through 
DI 


when 
the amplifier 
output 
switches 
low. 
A 
special 
feature 
of this timer 
is that the other 
amplifier, 
when 
biased 
from 
Va, 
can perform 
another function 
and draw zero stand-by power 


as well. 


The operation 
of the multiplexer 
of Figure 20 is 


very straightforward. 
When A1 is turned 
on it 
holds 
Va 
equal 
to 
VIN1 
and 
when 
A2 
is 


supplied 
with bias current 
then it controls 
Va. 
ee 
and 
Re 
serve 
to stabilize 
the 
unity-gain 


~TRIGGER 


O.Ol~F 
1 K 


"1150PI 


RC 
Joon 


configuration 
of amplifiers 
A1 and A2. The max- 


imum clock rate is limited 
to about 200 KHz by 


the LM13600 slew 
rate into 
150 pF when 
the 
(VIN1-VIN2) 
differential 
is 
at 
its 
maximum 
allowable 
value of 5 volts. 


The Phase-Locked 
Loop of Figure 21 uses the 
four-quadrant 
multiplier 
of 
Figure 
6 and 
the 
Veo of Figure 18 to produce a PLL with a ± 5% 
hold-in 
range and an input sensitivity 
of about 


300 mY. 


Vo 
le=! 
KHz 


±5% 


HOLOIN 
RANGE 


The 
Schmitt 
Trigger 
of 
Figure 
22 
uses 
the 
amplifier 
output 
current 
into 
R to 
set 
the 
hysteresis 
of the comparator; 
thus VH = 2 x Rx 


lB. Varying 
IB will 
produce 
a Schmitt 
Trigger 
with variable hysteresis. 


Figure 23 shows a Tachometer 
or Frequency-to- 
Voltage converter. 
Whenever A1 is toggled 
by a 
positive-going 
input, an amount of charge equal 
to (VH-VLl Ct is sourced 
into Cf and Rt. This 
once per cycle charge is then balanced 
by the 
current 
of VO/Rt. The maximum 
FIN is limited 
by the amount 
of time 
required 
to charge 
Ct 
from VL to VH with 
a current 
of IB, where VL 
and VH represent 
the maximum 
low and max- 
imum 
high 
output 
voltage 
swing 
of 
the 
LM13600. D1 is added 
to provide 
a discharge 
path for Ct when A1 switches 
low. 


The Peak Detector 
of Figure 24 uses A2 to turn 
on A1 when~ver 
VIN 
becomes 
more 
positive 
than Va. A1 then charges storage capacitor 
C to 
hold 
Va 
equal 
to VIN PK. One precaution 
to 
observe when using this circuit: 
the Darlington 
transistor 
used must be on the same side of the 
package 
as A2 since the A1 Darlington 
will 
be 
turned on and off with A1. Pulling 
the output 
of 
A2 low through 
D1 serves to turn off A1 so that 
Va remains constant. 


+ 15:.sLV 
PEAK 
DETECT 
01 
-15 
V 
HOLD 


The 
Sample-Hold 
circuit 
of 
Figure 
25 
also 


requires that the Darlington 
buffer used be from 
the other (A2) half of the package and that the cor- 
responding 
amplifier 
be biased on continuously. 


"1'000'1 
RC 
loon 


The 
Ramp-and-Hold 
of 
Figure 
26 sources 
IB 
into 
capacitor 
C whenever 
the input 
to A1 is 
brought 
high, giving a ramp-rate of about IV/ms 
for the component 
values shown. 


The true RMS converter 
of Figure 27 is essen- 
tially an automatic 
gain control 
amplifier 
which 
adjusts 
its gain such that the AC power at the 
output 
of amplifier 
A1 is constant. 
The output 
power of amplifier 
A1 is monitored 
by squaring 
amplifier 
A2 and 
the average 
compared 
to a 
reference 
voltage with amplifier 
A3. The output 
of A3 provides 
bias current 
to the diodes of A1 
to attenuate 
the input signal. 
Because the out- 


put power of A1 is held constant, 
the RMS value 
is constant 
ana the attentuation 
is directly 
pro- 
portional 
to the RMS value of the input voltage. 


The attenuation 
is also proportional 
to the diode 
bias current. 
Amplifier 
A4 adjusts 
the ratio of 
currents 
through 
the diodes 
to be equal 
and 
therefore 
the voltage at the output 
of A4 is pro- 
portional 
to the RMS value of the input voltage. 


The calibration 
potentiometer 
is set such that 
Va reads directly 
in RMS volts. 
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about 1.2 volts and negative TC below 1.2 volts. 
This 
is accomplished 
by balancing 
the TC of 
the 
A2 
transfer 
function 
against 
the 
com- 


plementary 
TC of D1. 


The log amplifier 
of Figure 29 responds 
to the 
ratio 
of current 
through 
buffer 
transistors 
03 
and 04. Zero temperature 
dependence 
for VOUT 


is ensured in that the TC of the A2 transfer func- 
tion is equal and opposite 
to the TC of the log- 
ging transistors 
03 and 04. 


The wide dynamic 
range of the LM13600 allows 
easy control 
of the output 
pulse width 
in the 
Pulse Width 
Modulator 
of Figure 30. 


For generating 
IABC 
over a range 
of 4 to 6 
decades of current, the system of Figure 31 pro- 
vides 
a logarithmic 
current 
out 
for 
a linear 


voltage 
in. 


Since 
the 
closed-loop 
configuration 
ensures 


that the input to A2 is held equal to OV, the out- 
put current 
of A1 is equal to 13 = 
- VC/RC. 


-2KT13 
2KTVC 
VIN1 
= ---;;12 = 
ql2RC 


The voltage 
on the base of 01 is then 


(R1+R2) 
vIN1 


VB1 
= 
----- 


R1 


The ratio of the 01 to 02 collector 
currents 
is 
defined 
by: 


KT 
IC2 
KT 
IABC 
VB1 = q In IC1 ""q In -1-1- 


Combining 
and solving 
for IABC yields: 


2(R1+R21 
Vc 


IABC 
= 
11e 
R112RC 


This logarithmic 
current can be used to bias the 
circuit 
of Figure 
4 to provide 
temperature 
in- 
dependent 
stereo attenuation 
characteristic. 


Figure 29. 
Log Amplifier 
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LM13700/LM13700A/LM11700A 
Dual Operational 
Transconductance 
Amplifiers With Linearizing Diodes 
and Buffers 


General 
Description 


The 
LM13700 series 
consists 
of two 
current 


controlled 
transconductance 
amplifiers 
each 


with differential 
inputs and a push pull output. 


The two amplifiers 
share common 
supplies 
but 


otherwise 
operate 
independently. 
Linearizing 


diodes 
are provided 
at the 
inputs 
to 
reduce 


distortion 
and allow 
higher 
input 
levels. 
The 


results 
is a 10 dB signal-to-noise 
improvement 


referenced 
to 0.5 percent THO. High impedance 


buffers 
are 
provided 
which 
are 
especially 


designed 
to complement 
the dynamic 
range of 


the amplifiers. 


• 
Excellent 
gm linearity 
• Excellent 
matching 
between amplifiers 


• 
Linearizing 
diodes 
• 
High impedance 
buffers 
• 
High output 
signal to noise ratio 
• Wide supply 
range ± 2V to ± 22V. 


Applications 
• Current controlled 
amplifiers 
• Current controlled 
impedances 
• Current controlled 
filters 
• Current controlled 
oscillators 
• Multiplexers 
• Timers 
• Sample and hold circuits 


Features 
• gm adjustable 
over 6 decades 


Order 
Number 
LM13700J 


or LM11700AJ 
See NS Package 
J16A 


Order 
Number 
LM13700N 
or LM13700AN 
See NS Package 
N16A 


r- 


Absolute 
Maximum 
Ratings 
3: 
..•. 


Supply Voltage (Note 1) 
(,,) 


LM13700 
36VDcor 
±18V 
••••••• 


LM13700A, LM11700A 
44VDcor 
±22V 
0 


Power Dissipation (Note 2) TA= 25·C 
0- 
LM13700N, LM13700AN 
570mW 
r- 


LM13700J, LM11700AJ 
600mW 
3: 
Differential Input Voltage 
±5V 
..•. 


Diode Bias Current (10) 
2mA 
(,,) 


Amplifier Bias Current (lABC) 
2mA 
••••••• 


Output Short Circuit Duration 
Indefinite 
0 


Buffer Output Current (Note 3) 
20mA 
0 


Operating Temperature Range 
»- 
LM13700N, LM13700AN 
O· Cto + 70· C 
r- 


LM13700J, LM11700AJ 
·55· C to + 125· C 
s: 
DC Input Voltage 
+Vsto-VS 
..•. 


Storage Temperature Range 
·65· C to + 150· C 
..•. 


Lead Temperature (Soidering, 10Seconds) 
300· C 
••••••• 
00 


Electrical 
Characteristics 
(Note 4) 
» 


Parameters 
Conditions 
LM13700 
LM13700A LM11700A 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Input Offset Voltage (VOS) 
0.4 
4 
0.4 
1 
mV 
Over Specified Temperature Range 
2 
mV 


IABC 5"A 
0.3 
4 
0.3 
1 
mV 


VOS Including Diodes 
Diode Bias Current (10) = 5OO"A 
0.5 
5 
0.5 
2 
mV 
Input Offset Change 
5 "A " 
IABC " 
500 I,A 
0.1 
3 
0.1 
1 
mV 
Input Offset Current 
0.1 
0.6 
0.1 
0.6 
"A 
Input Bias Current 
0.4 
5 
0.4 
5 
"A 
Over Specified Temperature Range 
1 
8 
1 
7 
"A 
Forward 
Transconductance(gm) 
6700 
9600 
13000 
7700 
9600 
12000 
Jlmho 
Over specified Temp Range 
5400 
4000 
Itmho 


gm Tracking 
0.3 
0.3 
dB 
Peak Output Current 
Rl.= 
O.IABC = 5"A 
5 
3 
5 
7 
"A 


RL= 0, IABC = 500 I,A 
350 
500 
650 
350 
500 
650 
"A 


RL= O. Over Specified Temp Range 
300 
300 
"A 
Peak Output Voltage 


Positive 
RL = 00,5 I,A " IABC" 
500"A 
+12 
+ 14.2 
+ 12 
+ 14.2 
V 
Negative 
RL=oo, 5"A 
" 
IABC" 
5OO"A 
-12 
-14.4 
-12 
-14.4 
V 
Supply Current 
IABC=500"A,Both 
Channels 
2.6 
2.6 
mA 
VOS Sensitivity 


Positive 
VOSI 
V+ 
20 
150 
20 
150 
"VIV 
Negative 
VOs'· 
V- 
20 
150 
20 
150 
"VIV 
CMRR 
80 
110 
80 
110 
dB 
Common Mode Range 
±12 
± 13.5 
±12 
± 13.5 
V 
mJI 


Crosstalk 
Referred to Input (Note 5) 
20 Hz < f < 20 KHz 
100 
100 
dB 
Diff.lnput Current 
IABC = 0, Input = 
±4V 
0.02 
100 
0.02 
10 
nA 
Leakage Current 
IABC = 0 (Refer To Test Circuit) 
0.2 
100 
0.2 
5 
nA 
Input Resistance 
10 
26 
10 
26 
KG 


Open Loop Bandwith 
2 
2 
MHz 
Slew Rate 
Unity Gain Compensated 
50 
50 
V/"Sec 
Buff. Input Current 
(Note 5) 
0.5 
2 
0.5 
2 
"A 
Peak Buffer Output Voltage 
(Note 5) 
10 
10 
V 


Note 1. For selections to a supply voltage above ± 22V. contact factory. 
Note 2. For operating at high temperatures, the device must be derated based on a 150· C maximum junction temperature and a thermal 
resistance of 175· C/W which applies for the device soldered in a printed circuit board, operating in still air. 
Note 3. Buffer output current should be limited so as to not exceed package dissipation. 
Note 4. These specltlcations\apply 
for Vs = ± 15 V, TA = 25· C, amplifier bias current (IABC) = 500"A, pins 2 and 15 open unless 
otherwise specified. 
The inputs to the buffers are grounded and outputs are open. 
Note 5. These specifications 
apply for Vs = ± 15V, IABC = 500 "A, 
ROUT = 5 Kn connected from the buffer output to - Vs and the 
input 
of the buffer is connected to the transconductance 
amplifier output. 
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Circuit Description 


The differential 
transistor 
pair 04 and 05 form a 
transconductance 
stage in that the ratio of their 
collector 
currents 
is defined 
by the differential 
input 
voltage 
according 
to the transfer 
func- 
tion: 


where VIN is the differential 
input voltage, KT/q 
is approximately 
26 mV at 25° C and 15and 14 
are the collector 
currents 
of transistors 
05 and 
04 respectively. 
With the exception 
of 03 and 
013, all transistors 
and diodes are identical 
in 
size. Transistors 
01 and 02 with Diode 01 form 
a current 
mirror which 
forces 
the sum of cur- 
rents 14and 15to equallABC; 


where IABC is the amplifier 
bias current applied 
to the gain pin. 


For small differential 
input voltages th~ ratio of 
14and 15approaches 
unity and the Taylor series 


of the In function 
can be approximated 
as: 


14 ~ 
I 
~ 
IABC 
~5~-2- 


[IABC q] 
2KT 


Collector 
currents 
14and 15are not very useful 
by themselves 
and it is necessary 
to subtract 
one current 
from the other. The remaining 
tran- 
sistors 
and diodes 
form 
three current 
mirrors 
that produce an output current equal to 15minus 
14thus: 


The term in brackets 
is then the transconduc- 
tance 
of the amplifier 
and is proportional 
to 
IABC· 


Linearizing 
Diodes 
For differential 
voltages 
greater 
than 
a few 
millivolts, 
Equation 
3 becomes 
less valid and 
the 
transconductance 
becomes 
increasingly 


nonlinear. 
Figure 1 demonstrates 
how the inter- 
nal diodes can linearize the transfer function 
of 
the 
amplifier. 
For 
convenience 
assume 
the 
diodes are biased with current sources and the 
input signal 
is in the form of current 
IS. Since 


the sum of 14and 15is IABC and the difference 
is lOUT, currents 
14 and 15 can be written 
as 
follows: 


lOUT 


2 


IABC 
15=-2- 
+ 


lOUT 


2 


Since the diodes and the input transistors 
have 
identical 
geometries 
and are subject 
to similar 
voltages 
and 
temperatures, 
the 
following 
is 
true: 


10 
IABC 
lout 


2 
+ IS 
2 
+ 
KT 
___ 
KT In 
2 
q In 10 _ 
IS 
q 
IABC 
lout 


2"" 
-2- 
2 


for 
liS I 
< 
10 
(6) 


2 


Notice 
that 
in 
deriving 
Equation 
6 
no 
approximations 
have been made and there are 
no temperature 
dependent 
terms. 
The limita- 


tions are that the signal current not exceed 10/2 
and that the diodes be biased with currents. 
In 
practice, 
replacing 
the 
current 
sources 
with 
resistors 
will generate insignificant 
errors. 


Applications/Voltage 
Controlled 
Amplifiers 


Figure 2 shows how the linearizing 
diodes can 
be used in a voltage 
controlled 
amplifier. 
To 
understand 
the 
input 
biasing, 
it 
is best 
to 
consider 
the 13 Kfl resistor as a current source 
and use a Thevenin equivalent 
circuit 
as shown 
in Figure 3. This circuit 
is similar 
to Figure 1 
and operates 
the same. The potentiometer 
in 
Figure 2 is adjusted 
to minimize 
the effects 
of 
the control 
signal at the output. 


For 
optimum 
signal-to-noise 
performance, 
IABC should 
be as large as possible 
as shown 
by the Output Voltage vs. Amplifier 
Bias Current 
graph. 
Larger amplitudes 
of input signal also 
improve 
the SIN ratio. 
The linearizing 
diodes 


help here by allowing 
larger input 
signals 
for 
the same output 
distortion 
as shown 
by the 
Distortion 
vs. Differential 
Input Voltage graph. 
SIN 
may 
be 
optimized 
by 
adjusting 
the 
magnitude 
of the input 
signal 
via RIN (Figure 
2)until 
the 
output 
distortion 
is 
below 
some 
desired 
level. The output 
voltage 
swing 
can 
then be set at any level by selecting 
RL. 


Although 
the noise contribution 
of the lineariz- 
ing diodes is negligible 
relative to the contribu- 
tion 
of the amplifier's 
internal 
transistors, 
ID 
should be as large as possible. 
This minimizes 
the dynamic 
junction 
resistance 
of the diodes 
(re) and maximizes their linearizing action when 
balanced against RIN. A value of 1 mA is recom- 
mended for ID unless the specific 
application 
demands otherwise. 


* 


10 


..•. 


lOUT = IS el~BC) 
..•. 
lOUT = 15-14 
D 
10-IS 
10+IS 
2" 
2" 
0] 


Stereo Volume Control 
The 
circuit 
of 
Figure 
4 
uses 
the 
excellent 
matching 
of the two LM13700 amplifiers 
to pro- 
vide 
a Stereo 
Volume 
Control 
with 
a typical 
channel-to-channel 
gain tracking 
of 0.3 dB. Rp 
is 
provided 
to 
minimize 
the 
output 
offset 
voltage 
and may be replaced 
with 
two 5100 
resistors 
in AC·coupled 
applications. 
For the 
component 
values given, amplifier 
gain is deriv- 
ed from Figure 2 as being: 


va 


V1N 


If VC is derived 
from a second 
signal 
source 
then 
the 
circuit 
becomes 
an 
amplitude 
modulator 
or two-quadrant 
multiplier 
as shown 
in Figure 5, where: 


21S 
(V-+l.4V) 


'D 
RC 


The constant 
term in the above equation 
may 
be cancelled 
by feeding IS x IDRC/2(V-+1.4V) in- 


to la.The circuit 
of Figure 6 adds RM to provide 


'OK 
Vc 
RC 


'" 
V,NZ 


'IN 


VIN2 
3D K 


MODULATION 
~O-----'VV'v 


RC 


this 
current, 
resulting 
in a four-quadrant 


multiplier 
where 
RC is trimmed 
such 
that 


Vo = OV for VlN2 = OV. RM also serves as the 
load resistor 
for 10. 


voltage 
applied 
at RX generates 
a VIN to the 


LM13700 which 
is then multiplied 
by the gm of 


the amplifier 
to produce an output current, thus: 


Noting that the gain of the LM13700 amplifier 
of 
Figure 
3 may 
be 
controlled 
by varying 
the 


linearizing 
diode current 10 as well as by varying 


IABC, Figure 7 shows an AGC Amplifier 
using 


this 
approach. 
As Vo 
reaches 
a high enough 


amplitude 
(3VBE) to turn on the Oarlington 
tran- 


sistors and the linearizing 
diodes, the increase in 


10 reduces the amplifier 
gain so as to hold Vo at 


that level. 
where 
gm ~ 19.21ABC at 25°C. 
Note 
that 
the 


attenuation 
of Vo by Rand 
RA is necessary 
to 


maintain 
VIN 
within 
the 
linear 
range 
of the 


LM13700 input. 
Voltage 
Controlled Resistors 


An Operational 
Transconductance 
Ampl ifier 


(OTA) may be used to implement 
a Voltage Con- 
trolled 
Resistor 
as shown 
in Figure 8. A signal 


Figure 9 shows a similar 
VCR where the 
linear- 
izing diodes are added, essentially 
improving the 


noise performance 
of the resistor. A floating VCR 


rtyure 
I I penorms 
as a unity-gain 
buffer ampli- 
fier at frequencies 
below cut-off, with the cut-off 
frequency 
being the point at which Xc/gm 
equals 
the closed-loop 
gain of (R/RA). At frequencies 
above cut-off the circuit 
provides a single RC roll- 


off (6 dB per octave) of the input signal amplitude 
with a -3 dB point defined 
by the given equation, 


OTA's are extremely 
useful 
for 
implementing 
voltage 
controlled 
filters, 
with 
the 
LM13700 


ZR 
RX =-- 
gm RA 


Va 


fo=RA9m 
(R+RA)217C 


where gm is again 19.2 x IABC at room tempera- 
ture. 
Figure 
12 shows 
a VC High-Pass 
Filter 


which 
operates 
in much the same manner, pro- 
viding a single RC roll-off 
below the defined cut- 
off frequency. 


Additional 
amplifiers 
may be used to implement 


higher order filters 
as demonstrated 
by the two- 


pole Butterworth 
Lo-Pass Filter of Figure 13 and 


the state variable filter 
of Figure 14. Due to the 


excellent 
gm 
tracking 
of the 
two 
amplifiers, 


these filters 
perform 
well over several decades 


of frequency. 


Vo 


fo:RAgm 


IR+RAI21l'C 


IF is added 
to IC to increase 
amplifier 
A1's bias 


current 
and thus to increase 
the charging 
rate of 


capacitorC. 
When V02 is 10w,IFgoestOzeroand 


the capacitor 
discharge 
current 
is set by IC. 
The 
classic 
Triangular/Square 
Wave 
VCO 
of 


Figure 
15 is one of a variety of Voltage 
Controlled 


Oscillators 
which 
may 
be 
built 
utilizing 
the 


LM13700. 
With 
the 
component 
values 
shown, 
this 
oscillator 
provides 
signals 
from 200 kHz to 


below 
2 Hzas 
IC is varied from 1mA to 10nA. The 


output 
amplitudes 
are set by IA x RA. Note that 


the peak differential 
input 
voltage 
must 
be less 


than 5 volts to prevent 
zenering 
the inputs. 


The VC Lo·Pass Filterof 
Figure 
11 may be used to 


produce 
a 
high-quality 
sinusoidal 
VCO. 
The 


circuit 
of 
Figure 
16 
employs 
two 
LM13700 


packages, 
with three of the amplifiers 
configured 


as lo-pass 
filters 
and 
the 
fourth 
as a limiter/- 


inverter. 
The circuit 
oscillates 
at the frequency 
at 


which 
the loop phase-shift 
is 360· or 180· forthe 
inverter 
and 
60· 
per 
filter 
stage. 
This 
VCO 


operates 
from 5 Hz to 50 kHz with 
less than 1% 


THD. 


A few 
modifications 
to this 
circuit 
produce 
the 


ramp/pulse 
VCO of Figure 
16. When V02 is high, 


VPK.IV+- .• VIRl 
A,+RZ 


IH ~2VPKC 


" 
Il·2VPKC 
'e 


lo"!f. 
'0' Ie 
IF 
2VPKC 


Figure 18. Single Amplifier 
vea 


Figure 18 shows how to build a vea 
using one 


amplifier 
when the other amplifier 
is needed for 


another function. 


. 


Additional 
Applications 


Figure19 presents an interesting 
one-shot which 


draws 
no power supply 
current 
until 
it is trig- 
gered. A positive-going 
trigger 
pulse of at least 


2V amplitude 
turns on the amplifier 
through 
RS 


and 
pulls 
the 
non-inverting 
input 
high. 
The 


amplifier 
regenerates and latches its output high 


until capacitor 
e charges to the voltage level on 


the 
non-inverting 
input. 
The 
output 
then 


switches 
low, 
turning 
off 
the 
amplifier 
and 


discharging 
the 
capacitor. 
The 
capacitor 


discharge 
rate is speeded 
up by shorting 
the 


diode bias pin to the inverting 
input so that an 


addition'al 
discharge 
current 
flows 
through 
DI 


when 
the 
amplifier 
output 
switches 
low. 
A 


special 
feature 
of this 
timer 
is that the other 


amplifier, 
when 
biased 
from 
Va, 
can perform 


another 
function 
and draw zero stand-by power 


as well. 


The operation 
of the multiplexer 
of Figure 20 is 


very straightforward. 
When A1 is turned 
on it 


holds 
Va 
equal 
to 
VIN1 
and 
when 
A2 
is 


supplied 
with 
bias current 
then it controls 
Va. 
ee 
and 
Re 
serve 
to 
stabilize 
the 
unity-gain 


Il.0~ 


- 
-15 V 


"1'56" 
RC 
Joon 


configuration 
of amplifiers 
A1 and A2. The max- 


imum clock 
rate is limited 
to about 200 KHz by 


the 
LM13700 slew 
rate into 
150 pF when 
the 
(VIN1-VIN2) 
differential 
is 
at 
its 
maximum 


allowable 
value of 5 volts. 


The Phase-Locked 
Loop of Figure 21 uses the 


four-quadrant 
multiplier 
of 
Figure 
6 and 
the 


Vea 
of Figure 18 to produce a PLL with a ± 5% 


hold-in 
range and an input 
sensitivity 
of about 


300 mY. 


vo 
le=l 
KHz 


±5% 
HOlDIN 
RANGE 


The 
Schmitt 
Trigger 
of 
Figure 
22 
uses 
the 
amplifier 
output 
current 
into 
R to 
set 
the 
hysteresis 
of the comparator; 
thus VH = 2 x R x 


lB. Varying 
IB will 
produce 
a Schmitt 
Trigger 
with variable 
hysteresis. 


Figure 23 shows a Tachometer 
or Frequency-to- 
Voltage 
converter. 
Whenever 
A1 is toggled 
by a 
positive-going 
input, an amount of charge equal 
to (VH-VU 
Ct is sourced 
into 
Cf and Rt. This 
once per cycle 
charge 
is then balanced 
by the 
current 
of VO/Rt. The maximum 
FIN is limited 
by the amount 
of time 
required 
to charge 
Ct 
from VL to VH with 
a current 
of IB, where VL 
and VH represent 
the maximum 
low and max- 
imum 
high 
output 
voltage 
swing 
of 
the 
LM13700. D1 is added 
to provide 
a discharge 
path for Ct when A1 switches 
low. 


The Peak Detector 
of Figure 24 uses A2 to turn 
on A1 whenever 
VIN 
becomes 
more 
positive 
than YO. A1 then charges storage capacitor 
C to 
hold VO equal to VIN PK. Pulling the output of A2 
low through 
D1 serves to turn off A1 so that Vo 
remains 
constant. 


+ 15:..:..rL:V 
PEAK DETECT 
01 
-15 
V 
HOLD 


The 
Ramp-and-Hold 
of 
Figure 
26 sources 
IB 
into 
capacitor 
C whenever 
the 
input 
to A1 is 
brought 
high, giving a ramp-rate of about IV/ms 


for the component 
values shown. 


of A3 provides 
bias current 
to the diodes of A1 
to attenuate 
the input signal. 
Because the out- 


put power of A1 is held constant, 
the RMS value 
is constant 
and the attentuation 
is directly 
pro- 


portional 
to the RMS value of the input voltage. 


The attenuation 
is also proportional 
to the diode 
bias current. 
Amplifier 
A4 adjusts 
the ratio of 


currents 
through 
the diodes 
to be equal 
and 
therefore 
the voltage at the output 
of A4 is pro- 


portional 
to the RMS value of the input voltage. 


The calibration 
potentiometer 
is set such that 


Va reads directly 
in RMS volts. 


The true RMS converter 
of Figure 27 is essen- 
tially an automatic 
gain control 
amplifier 
which 


adjusts 
its gain such that the AC power at the 
output 
of amplifier 
A1 is constant. 
The output 
power of amplifier 
A1 is monitored 
by squaring 


amplifier 
A2 and 
the average 
compared 
to a 


reference 
voltage 
with amplifier 
A3. The output 


Sl"-" 
RAMP 
ENABLE 


CCI'OOOPf 


RC 
loon 
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This 
is accomplished 
by balancing 
the TC of 
the 
A2 
transfer 
function 
against 
the 
com· 
plementary 
TC of 01. 


The wide dynamic 
range of the LM13700 allows 
easy control 
of the output 
pulse width 
in the 
Pulse Width 
Modulator 
of Figure 29. 


For generating 
IABC 
over 
a range 
of 4 to 6 


decades of current, the system of Figure 30 pro- 
vides 
a logarithmic 
current 
out 
for 
a linear 


voltage 
in. 


Since 
the 
closed-loop 
configuration 
ensures 
that the input to A2 is held equal to OV, the out- 
put current 
of A1 is equal to 13 = 
- VC/RC. 


The differential 
voltage 
between 
01 and 02 is 
attenuated 
by the R1,R2 network 
so that A 1 may 


ql2 
ql2RC 


The voltage 
on the base of 01 is then 


(R1+R2) 
V'N1 
VB1= ---R-,-- 


The ratio of the 01 to 02 collector 
currents 
is 


defined 
by: 
KT 
'C2 
KT 
'ABC 
VBl 
= q 
In IC1 ""q 'n -'-1- 


Combining 
and solving 
for 'ABC yields: 


2(R1+R2J 
Vc 


'ABC 
= 
'le 
R1'2RC 


This logarithmic 
current can be used to bias the 
circuit 
of Figure 
4 to provide 
temperature 
in- 


dependent 
stereo attenuation 
characteristic. 


~National 
~ 
Semiconductor 


The TBA 120S is a monolithic 
integrated circuit 
specific- 


ally designed for 
audio detection 
in TV 
and FM radio 


receivers. It incorporates an 8-stage limiting 
IF amplifier 


and balanced detector plus a de operated volume control. 


• 
Electronic attenuator: 
replaces conventional ac volume 


control 


• 
Volume reduction 
range 
85 dB typ 


• 
Sensitivity: 
3 dB limiting 
voltage 30/lV typ 


• 
Excellent AM rejection 68 dB typ at 10 mV 


• 
Audio output 
voltage 
1V typ 


• 
Wide supply voltage range (6-18V) 


• 
Internal zener diode regulator 


• 
Very low external component requirement 


• 
Simple detector alignment: one coil 


The TBA 120S is suppl ied in four groups depending on 
the 
resistance required 
between 
pin 
5 and ground to 


attenuate the audio output 
by 30 dB. The group number 


asdefined below is marked on the package. 


GROUP 
II 
III 
IV 
V 


R5-Gnd 
1.9-2.2 
2.1-2.5 
2.4-2.9 
2.8-3.3 
Hl 


Pins 3 and 4 are connected to the collector and base of a 
transistor 
which 
may be used as an AF-preamplifier 
or 


as a switch. 


At pin 12 a zener-diode is accessible which can be used 
to stabilize the supply voltage of this integrated circuit 
or the voltage of other circuit 
elements in the set. 


Order Number 
TBA120S 
II, TBA120S 
III, 
TBA120S 
IV or TBA120S 
V 
See NS Package N 14A 


Order Number 
TBA120SQ 
II, TBA120SQ 
III, 


TBA120SQ 
IV, TBA120SQ 
V 
See NS Package N14C 


Supply Voltage, 
Vll 


Volume 
Control 
Voltage, V5 


Zener Current, 
112 


Transistor 
Collector 
Current, 
13 


18V 
4V 
20mA 


5 mA 


Transistor 
Base Current, 
14 


Bias Resistance (Max). R13-14 
Operating Temperature 
Range 


Storage Temperature 
Range 


2mA 
lkn 
-15°C 
to +70°C 


-65°C 
to +150°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ICC 
Supply Current 
R5 = 00 
10 
14 
18 
mA 


R5 = 0 
11 
20 
mA 


GV 
IF Voltage Gain 
f = 5.5 MHz 
68 
dB 


Vo 
IF Output 
Voltage, 
Each 
170 
250 
mVp-p 


Output, 
at Limiting 


Vaf 
AF Output 
Voltage 
f = 5.5 MHz, M = ±50 kHz, 
0.7 
1.0 
V 


fMOD = 1 kHz, VI = 10 mV, 


Q= 45 


Distortion 
(5.5 MHz) 
f = 5.5 MHz, L',f = 25 kHz, 
1.5 
% 


fMOD = 1 kHz, VI = 10 mV, 


Q = 45 


Distortion 
(10.7 MHz) 
f = 10.7 MHz, L',f= ±50 kHz, 
0.2 
% 


fMOD = 1 kHz, VI = 10 mV, 


Q = 20 


VLlM 
Input Voltage Before Limiting 
f = 5.5 MHz, L',f = ±50 kHz, 
30 
60 
IlV 


fMOD 
= 1 kHz, Q = 45 


ZI 
Input 
Impedance 
f = 5.5 MHz 
15/6 
40/4.5 
knlpF 


RO 
Output 
Resistance 
1.9 
2.6 
3.3 
kn 


Vaf max 
Volume 
Control 
Range 
70 
85 
dB 
--- 
Vaf min 


V8 
DC Component 
of the 
VI = 0 
6.2 
7.3 
8.4 
V 


Output 
Signal 


aAM 
AM Rejection 
f = 5.5 MHz, L',f = ±50 kHz, 
50 
60 
dB 


fMOD = 1 kHz, VI = 500/N, 


m=30% 


aAM 
AM Rejection 
f = 5.5 MHz, L',f = ±50 kHz, 
68 
dB 


fMOD = 1 kHz, VI = 10 mV, 


m=30% 


R5 
Potentiometer 
Resistance 
1 dB Attenuation 
3.7 
4.7 
kn 


V5 
Voltage 
1 dB Attenuation 
2.2 
2.5 
V 


R5 
Potentiometer 
Resistance 
70 dB Attenuation 
1.0 
1.4 
kn 


V5 
Voltage 
70 dB Attenuation 
1.2 
V 


Noise Voltage at Output 
VI=10mV 
30 
IlV 


V12 
Zener Voltage 
112 = 5 mA 
11.2 
12 
13.4 
V 


RZ 
Zener Slope Resistance 
30 
50 
n 


Vcbo 
Breakdown 
Voltage 
45 
65 
V 


Vceo 
Breakdown 
Voltage 
13 = 500llA 
18 
24 
V 


hfe 
Current 
Gain 
13 = 1 mA 
50 
100 
500 


~ 
Schematic Diagram 
< 
m 
to- 
L{j' 
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TBA120U, TBA120T IF Amplifier 
and Detector 


General Description 
Features 


The 
TBA 120U, 
TBA 120T 
is a monolithic 
integrated 
circuit 
specifically 
designed for audio detection 
in TV 
and FM radio receivers. It incorporates an 8 stage limiting 
IF amplifier 
and balanced detector 
plus a DC operated 
volume 
control. 
The circuit 
also provides 
connection 
facilities 
for 
a video 
tape recorder. 
The TBA 120T 
is 
designed primarily 
for use with 
ceramic filters while the 
TBA 120U is optimized 
for inductive tuning. 


• 
Electronic 
attenuator: 
replaces 
conventional 
AC 
volume control 


• 
Volume reduction 
range: 85 dB tvP 


• 
Sensitivity: 
3 dB limiting 
voltage 30,N 
tvP 


• 
Excellent AM rejection 68 dB tvP 500 IN 


• 
Wide supply voltage range (6 to 18V) 


• 
Easy video recorder connection 


• 
Very low external component 
requirement 


• 
Simple detector alignment: 
one coil 


V,f 
(VOLUME 
CONTROLLABLE) 


*Only TBA120T 
-Only 
TBA120U 


14 


IF INPUT 


13 
IF INPUT 
BIAS 


12 
CONSTANT 
lEVEL 
AUDIO 
OUTPUT 


11 
Vcc 


10 


IF AMPLIFIEA 
OUTPUT 


Absolute 
Maximum 
Ratings 


Supply Voltage, V11 
18V 
Current Pin 4, 14 
5mA 


Operating Temperature 
Range, T u 
-15°C 
to +70°C 
Operating 
Frequency 
Range, f 
Oto12MHz 


Storage Temperature 
Range, Ts 
-40°C 
to +125°C 
Power Dissipation, 
Ptot 
400mW 


Voltage Pin 5, V5 
6V 
Resistor Parallel to Pins 13 and 14 
lkn 


Electrical 
Characteristics 
(VCC = 12V, TA = 25°C) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ICC 
Supply Current 
9.5 
13.5 
17.5 
mA 


Gv 
IF Voltage Gain 
f=5.5MHz 
68 
dB 


Vo 
IF Output 
Voltage 
(Each Output 
250 
mVp·p 


Limiting) 


R8 
Output 
Impedance 
1.1 
kSL 


R12 
1.1 
kn 


R3 
Input 
Impedance 
2 
kn 


R4 
Regulator Impedance 
12 
n 


V8 
DC Output 
Level 
Vi = 0 
4 
V 


V12 
Vi = 0 
5.6 
V 


V4 
Regulator Voltage 
4.2 
4.8 
5.3 
V 


Vaf max 
--- 
Volume Control 
70 
85 
dB 


Vaf min 


Vaf8 
-- 
Video Recorder Output 
Ratio 
7.5 


Vaf3 


VLlM 
Sensitivity 
Vaf - 3 dB, f = 5.5 MHz 
30 
60 
JiV 


V8 
-- 
Supply 
Rejection 
35 
dB 


Vl1 


V12 
-- 
30 
dB 


V11 


R4-R5 
Impedance 
1 
10 
kSL 


Vaf max 
R4--R5 ~ 5 kSL 
20 
28 
36 
dB 
--- 
Output 
Ratio 
Vaf8 
R5-R1 
= 13 kSL 


TBA120T 
Only 


Zi 
Input Impedance 
f=5.5MHz 
800/5 
n!pF 


aAM 
AM Rejection 
f=5.5MHz 
50 
60 
dB 


m = 30% 


~f = ±50 kHz 


Vi = 500JiV 


fMOD = 1 kHz 


Vaf8 
A. F. Output 
Voltage 
f=5.5MHz 
900 
mV 


fMOD = 1 kHz 


Vaf12 
~f = ±50 kHz 
650 
mV 


TBA120U 
Only 


Zi 
Input 
Impedance 
f=5.5MHz 
15/6 
40/4.5 
kn!pF 


aAM 
AM Rejection 
f= 
5.5 MHz 
50 
60 
dB 


Vi = 500JiV 


fMOD = 1 kHz 


~f = ±50 kHz 


m=30% 


Vaf8 
A. F. Output 
Voltage 
f= 
5.5 MHz 
1.3 
V 


fMOD = 1 kHz 


tof = ±50 kHz 


Vi = 10mV 


Os = 45 


Vaf12 
A.F. Output 
Voltage 
1.0 
V 


k 
Distortion 
f=5.5MHz 
1 
% 


tof = ±50 kHz 


fMOD = 1 kHz 


Os = 45 


Vi=10mV 


56,f 


o-10~o-j~ 


"l- "l-tIr""T 


~f-o 
f-o 


~~':U12~ 


TB.'lOU 
~.~ 


3JOpF 


TBA120T 


f 
41nf 


Socket 1: Switching voltage: on playback 


12V on record open circuit. 
Socket 
2: 
Video 
recorder 
input/output. 
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PRELIMINARY 


The TDA2003 
is an audio 
power 
amplifier 
designed 
prima- 
rily for automotive 
applications. 
Its high current 
capability 


and 
low saturation 
resistance 
of the output 
drivers 
ena- 
bles the device 
to deliver 
large power 
outputs 
into low im- 


pedance 
loads 
where 
supply 
voltage 
is a limiting 
factor. 


• 
Short 
circuit 
protection 


• 
Supply 
over-voltage 
protection 


• 
Thermal 
shutdown 
protection 


• 
Low distortion 


• 
Low noise 
• 
Externally 
programmable 
gain 


C2 
820PFT 


Cl 
T2500~F 


I 


I 
Cx 
l 
L 
..J L-----J 
. , 
Rx=20R2 
•• 


c __ 
1_ 


x- 
211" BwR1 


Order Number TDA2003T 
See NS package 
TOS8 


C")0 
Absolute Maximum Ratings 
0 


~ 
Peak Supply 
Voltage 
50 ms (Load Dump, see Test Circuit) 
50V 
C 
DC Supply 
Voltage 
(Continuous) 
30V 
t- 
Operating 
Supply 
Voltage 
20V 


Output 
Peak Current 
(Repetitive) 
3.5A 


Output 
Peak Current 
(Non-Repetitive) 
4.5A 
Electrical Characteristics 
TA = 25'C, 
Vs = 14.4V (unless 
stated 
otherwise) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Supply 
Voltage 
6 
20 
V 


Quiescent 
Current 
(Pin 5) 
50 
100 
mA 


Quiescent 
Voltage 
(Pin 4) 
6.1 
6.9 
7.7 
V 


Output 
Power 


RL=4G 
THD = 10%, 1=1 
kHz 
5.5 
6 
W 


Av=40dB 


RL=2G 
THD=10%,1=1 
kHz 
9.5 
10 
W 


Av=40dB 


Distortion 
(THD) 


RL=4G 
Po= 0.05W-4.5W 
0.12 
% 


Av=40dB,I=1 
kHz 


RL=211 
Po= 0.05W-7.5W 
0.18 
% 


Av= 
40 dB, 1=1 
kHz 


Open 
Loop Voltage 
Gain 
80 
dB 


Closed 
Loop Voltage 
Gain 
40 
dB 


Input 
Noise 
Voltage 
5 
p.V 


Input 
Resistance 
1= 1 kHz 
70 
150 
kG 


Application Circuit 


Voltage 
and 
current 
swings 
for 
a bridge 


amplifier 
are 
twice 
that 
of a single-ended 
amplifier; 
Le., with 
the 
same 
ALl 
the 


bridge 
configuration 
can 
detiver 
an 
out- 


put power that is four times the output 


power 
of 
a single-ended 
amplifier. 
Care 


must 
be taken 
when 
selecting 
Vs and 
RL 


in order 
to avoid 
an 
output 
peak 
current 


above 
the 
maximum 
rating, 


Vs-2 VCE sat 


Le., 
RL min = 
1 


0 


max 


Max output 
voltage 
swing 
(1/2 wave belore 
clipping) 


Max output 
current 
swing 


(112wave 
belore 
clipping) 


Max output 
power 


(belore 
clipping) 


Single· Ended 


1/2 (Vs - 2 VCE sat) 


Bridge 


Vs-2VCEsat 


(Vs - 2 VCE sat) 


2RL 
(Vs - 2 VCE sat)2 


8RL 


Vs-2VCEsat 


RL 
(Vs - 2 VCE sat)2 


2RL 


CHANGE OVER SWITCH 
r--------l 


CURRENT LIMIT 
I 
0 
I 
I 
II 
POWER 
SUPPLY 
OVoc-120Voc 


POWER 
SUPPLY 
OVoc-20Voc 


CIRCUIT 
UNDER 
TEST 
(AS FIGURE 3) 


Section 11 


TV Circuits 


LM1017 4-Bit Binary 7-Segment 
Decoder/Driver. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
11-3 


LM1019N 
Digital 
Tuning Station 
Detector. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
11-7 


LM1821S Video IF PLL Synchronous 
Detector 
11-10 


LM1828, LM1848 Color Television 
Chroma 
Demodulator 
11-13 


LM1880 No-Holds 
Vertical/Horizontal 
11-16 


LM1886 TV Video Matrix 
D to A 
11-23 


LM1889 TV Video Modulator 
11-28 


LM2808 Monolithic 
TV Sound System 
11-37 


LM3064 Television 
Automatic 
Fine Tuning 
11·41 
TBA440C 
Monolithic 
Video IF Amplifier 
11·43 


TBA510 Chrominance 
Combination 
................•..........•...................... 
11-45 


TBA530 RGB Matrix 
Preamplifier 
11-49 


TBA540 Reference 
Combi nation 
...........................................•......... 
11·52 


TBA560C 
Luminance 
and Chrominance 
Control 
Combination 
11·56 


TBA920ITBA920S 
Line Oscillator 
Combination 
11-60 


TBA950-2 Television 
Signal 
Processing 
Circuit 
11-63 


TBA970 Television 
Video Amplifier 
11·67 


TBA990 Color Demodulator 
11·70 


TDA440 Video IF Amplifier 
11·72 


TDA2522/TDA2523 
Color Demodulation 
Combination 
11-76 


TDA2530 R-G·B Matrix 
Preamplifiers 
with Clamps 
...............•..............•.•..... 
11·78 


TDA2540 Video IF Amplifier 
and Demodulator 
11·81 


TDA2541 Video IF Amplifier 
and Demodulator 
...................•..............•....... 
11·84 


TDA2560 Luminance 
and Chrominance 
Control 
Combination 
11-87 


TDA2591/TDA2593 
Line Oscillator 
Combination 
11-90 


TDA3500 Chroma 
Processor + RGB Drive Combination 
11-96 


TDA3501 Chroma 
Processor + RGB Drive Combination 
11-102 
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LM1017 4·Bit Binary 7·Segment Decoder/Driver 


The 
LM1017 
is a monolithic 
IC which 
decodes 4-bit 


"binary 
plus 
one" 
coded 
input 
signals and supplies 
1 112-digit TV channel display information. 
The outputs 
are designed to drive a 7-segment common cathode LED 
display with 
up to 25 mA depending on thermal dissi- 


pation 
requirements. 
Improvements 
in 
circuit 
design 


enable the device to operate from 
5V to 
12V supply. 


A brightness control 
facility 
is included. 


o 


• 
A 
direct 
replacement 
for 
SN29764 
but 
with 
12V 


supply capability 


• 
TTL 
compatible 
inputs 
with 
high 
input 
voltage 


immunity 


• 
Channel displays are from 1 to 16 


• 
Current·driven 
output stagesfor LEDs protect against 
excess thermal dissipation 


• 
Continuously 
variable brightness control 


• 
Low stand-by quiescent current supply consumption 


• 
Suitable for NSN583 0.5 inch LED display 


• 
Inputs are suitable for direct drive from MOS outputs 


VSUPPLY 
~ 5V 


For 12V 
supply, 
external 
resistors 
must 
be used 
between 
the output 
pin 


and segment 
to limit 
device 
dissipation. 


OIl 


Absolute 
Maximum 
Ratings 


Supply Voltage, Pin 16 
13.5V 
Storage Temperature 
Range 
-55°C 
to +150°C 


Input Voltage, Pins 2-5 
30V 
Junction 
Temperature 
150°C 


Input Voltage, Pin 1 
13.5V 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Operating Temperature 
Range 
O°C to +70°C 


Electrical 
Characteristics 
V16 = 5V, TA = 25°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Current per Segment Quiescent Current, Pin 16 
Pin 1 = 2V 
12 
20 
mA 


Pin 1 = 5V 
4 
mA 


Input 
Logic Voltage 
Pins 2-5 


H Signal 
2 
V 


L Signal 
0.8 
V 


Input Current, 
Pins 2-5 
V2-5 
= 2.4V 
1 
/lA 


V2-5 
= OV 
-5 
/lA 


Input Current, 
Pin 1 
17_15=-15mA 
-350 
/lA 


Output 
Current, 
Pins 7-15 
Vl 
= OV 
-16 
-22 
mA 


Vl=2V 
-12 
mA 


Vl 
= V16 
-20 
/lA 


Minimum 
Saturation 
Between Output 
Terminals 
lOUT = -20 
mA 
1.4 
V 


7-15 
and 16 


Package Thermal 
Resistance, eJA 
100 
°C/W 


Note. To limit device temperature at supply voltages> 
5V. the following condition must be maintained: 8 IVSUPPLY 
- 
VOUT) 
lOUT < 


150-TA 


125 
8JA 
Eg. For 12V supply and 20 mA lOUT into 2V LED, TA = 25°C: 
8 (12 - 
VOl 0.02 < 100 


2.2V 
i.e., Vo > 4.2V :. series 
output 
resistance 
== 
-- 
= 
110n. 


20 mA 


See application 
notes for use of common 
series resistance between 
LED cathodes and ground. 


Truth Table 


CHANNEL 
INPUT 
OUTPUT 
D 
C 
B 
A 
BR 
a 
b 
c 
d 
e 
f 
9 
h 
i 


1 
L 
L 
L 
L 
L 
ON 
ON 


2 
L 
L 
L 
H 
L 
ON 
ON 
ON 
ON 
ON 


3 
L 
L 
H 
L 
L 
ON 
ON 
ON 
ON 
ON 


4 
L 
L 
H 
H 
L 
ON 
ON 
ON 
ON 


5 
L 
H 
L 
L 
L 
ON 
ON 
ON 
ON 
ON 


6 
L 
H 
L 
H 
L 
ON 
ON 
ON 
ON 
ON 
ON 


7 
L 
H 
H 
L 
L 
ON 
ON 
ON 


8 
L 
H 
H 
H 
L 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


9 
H 
L 
L 
L 
L 
ON 
ON 
ON 
ON 
ON 
ON 


10 
H 
L 
L 
H 
L 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


11 
H 
L 
H 
L 
L 
ON 
ON 
ON 
ON 


12 
H 
L 
H 
H 
L 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


13 
H 
H 
L 
L 
L 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


14 
H 
H 
L 
H 
L 
ON 
ON 
ON 
ON 
ON 
ON 


15 
H 
H 
H 
L 
L 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


16 
H 
H 
H 
H 
L 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


OFF 
X 
X 
X 
X 
H 


25 


20 


;< 
15 
.s 
•... 
:> 
0 
10 
T 


V16: 
5V 


\ 


V16C=fi 
LLiVOUT 


o 
o 
2 
3 
VOUTIVI 


20 


16 


;< 
12 
.s 
•... 
:> 
0 
T 


V16" 
5V 
'\. 
\ 
\ 


'\., 


V1 


20 
IIII 


16 
V16 


;< 
12 
.s 
•... 
:> 
0 


-= 


0 
0 
'DO 
200 
300 
400 
500 


-'1 ("AI 
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•••••S 
Typical Applications 
,... 
::E 
..J 


When 
operating 
with 
a 12V supply 
line, it is necessary 
to 


limit 
the 
power 
dissipation 
in the 
IC by means 
of exter· 
nal 
resistance 
in 
series 
with 
the 
LED 
segments. 
(Max 


package 
dissipation 
at 70°C 
= 800 mW.) 


A 
minimum 
voltage 
of 
2.5V 
should 
be allowed 
across 
the 
output 
driver 
pins 
between 
supply 
and 
outputs. 
Allowing 
1.4V 
for 
the 
LED 
segments, 
a simple 
econom· 


ical 
solution 
using 
only 
1 resistor can 
be 
proposed 
as 
follows: 


For 
20 
mA/segment, 
maximum 
voltage 
allowed 
across 


RL will be: 


12 - 
2.5 - 
1.4,= 
8V 
:. RL max 
= 8/8 x 0.02'" 
47st 


With 
a series 
resistance 
between 
each 
output 
and 
seg· 


ment, 
the 
recommended 
resistance 
per 
segment 
at 


20 mA maximum 
will be: 


If a zener 
is used, 
maximum 
zener 
voltage 
= 8V. 
(The 
zener 
can 
be 
common 
between 
LED 
display 
cathode 


and ground.) 


800 
800 


700 
700 
~ 
.g 
600 
600 
z 
0 
500 
500 
;:: 
::: 
~ 
~ 400 
.g 
400 
c; 
300 
~ 


'" 


300 


~ 


200 
200 


100 
100 


SEGMENTS 
ON 
SEGMENTS 
ON 
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LM1019N Digital Tuning Station Detector 


The 
LM1019N 
is a monolithic 
integrated 
circuit 
for 
identifying 
a valid 
picture 
when 
digitally 
tuned 
tele- 


vision receivers are used in the "search" 
mode. 


• 
Noise gated sync separator 


• 
Coincidence detector between sync and flyback 


• 
Comparator 
to 
set 
AFC 
voltage 
at 
which 
output 


triggers 


1SV 
I 
DIGITAL 
SUPPLY 


NC 


16 GNO 


15 COMPARATOR 
COMPENSATION 


14 COMPARATOR 
OUTPUT 


13 COMPARATOR 
NON-INVERTING 
INPUT 


12 COMPARATOR 
INVERTING 
INPUT 


II 
TRIGGER 
OUTPUT 


10 SYNCHRONIZATION 
DETECTOR 
TIME 
CONSTANT 


12V SUPPL Y 


FL YBACK 
5 
PULSE INPUT 


COINCIDENCE 
6 
DETECTOR 
INPUT 


SYNC 
7 
SEPARATOR 
OUTPUT 


VIDEO 
INPUT 


Order Number 
LM1019N 
See NS Package N 16A 


011 


V1-16 
V3-16 
111 
Operating Temperature 
Range 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 10 seconds) 


20V 
14V 
10mA 
O°C to +70°C 


-65°C to +150°C 
300°C 


Electrical 
Characteristics 
Vl-16 
= 18V, V3-16 
= 12V, TA = 25°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Current, 13 
6 
mA 


Supply Current, 11 
2 
mA 


Video Signal 


Input Voltage Range 
7 
Vp·p 


Input Current Driving Sync Pulse 
100 
J1A 


Noise Gating 


Input Voltage 
0.7 
V 


Input Current 
0.03 
10 
mA 


Flyback Pulse 


Input Voltage 
0.7 
V 


Input Current 
0.05 
1 
mA 


Input Resistance 
400 
n 


Pulse Deviation 
f = 15,625 Hz 
10 
J1S 


Composite Sync Pulse Output (Pin 7) 


Output Voltage 
10 
Vp·p 


Output 
Resistance at Leading Edge 
50 
n 


Output 
Resistance at Trailing Edge 
2 
kn 


Coincidence Detector 


Sync Input Voltage 
(DC Restored by 
6 
V 
Internal Diode) 


Input Resistance 
VS> 0.7V 
5 
kn 


Vs < 0.7V 
10 
kn 


Trigger Circuit 


Input Voltage, Vl0 
Vll 
High 
2 
V 


Vll 
Low 
4.5 
V 
Output 
Leakage, III 
Vl0<2V 
100 
J1A 
Output Voltage, V11 
V10>4.5V 
0.2 
0.5 
V 


111 = 1 mA 


Compara:or 


Input Bias Current 
10 
J1A 


Input Offset Voltage 
25 
mV 


Voltage Gain 
Pin 14 Open Circuit 
5000 
Output Current 
10 
mA 


Internal Load Resistance 


R1-14 
7 
13 
kn 


Input Common·Mode 
Range 
0 
Vl-5 
V 


11·8 


The 
LM1019 
provides 
a "stop" 
signal 
to 
the 
tuning 


system 
when 
a picture 
is received 
but 
because 
of 
the 
delay 
in 
the 
system 
when 
operating 
in the 
fast 
ramp 
mode, 
the 
tuner 
will normally 
have passed 
the optimum 


tuning 
point. 
The 
"stop" 
signal 
therefore 
ceases 
and the 


tuning 
system 
reverses 
direction 
at a reduced 
rate. When 


the 
AFC 
reaches 
its correct 
level a further 
"stop" 
signal 
is given which 
ends 
the search 
routine. 


Figure 
1 shows 
the 
block 
schematic 
of the 
LM 1019 with 
the 
required 
external 
components 
for 
a typical 
applica- 


tion. 


Video 
with 
positive-going 
sync 
pulses 
is fed 
through 
a 
low 
pass 
filter 
to 
prevent 
noise 
being 
mistaken 
as sync 


pulses. 
It is then 
fed 
to 
a sync 
separator 
which 
gives 
a 


positive 
signal 
output 
at 
pin 
7 during 
the 
sync 
period. 


A noise 
gate 
is also 
provided 
such 
that 
when 
the voltage 


on 
pin 
9 exceeds 
0.7V 
the 
sync 
separator 
is inhibited. 
This 
can 
be 
utilized 
by 
coupling 
video 
through 
a high 
pass 
filter 
into 
pin 
9. 
However, 
the 
system 
works 
well 


even 
without 
this, 
and 
if not 
required, 
pin 
9 can 
either 


be grounded 
or left open. 


The 
processed 
sync 
pulses 
are AC coupled 
to the coinci- 


dence 
detector 
on 
pin 
6 because 
in the 
event 
of there 


being 
no 
video 
input, 
pin 
7 rises to the 
high 
state. 
Fly- 
back 
pulses 
of greater 
than 
1V in ampl itude 
are appl ied 


to 
pin 
5 and 
when 
this is coincident 
with 
the video 
sync 
pulse, 
a current 
pulse 
is provided 
by pin 
10. 


After 
a predetermined 
number 
of coincident 
pulses 
(set 


by 
the 
delay 
capacitor 
on 
pin 
10), 
the 
Schmitt 
trigger 


operates, 
grounding 
pin 
11. This 
brings 
down 
the voltage 


applied 
to 
the 
final 
comparator 
input 
from 
12V 
to the 


required 
AFC 
trigger 
level set 
by R 1 and 
R2. Typically 


this will be in the 
range 
of 6-10V. 


The 
AFC 
control 
voltage 
is applied 
to 
pin 
13. 
This 
is 


always 
less than 
12V 
so that 
until 
the 
sync 
pulses 
and 


the 
flyback 
are synchronized, 
the main 
output 
on pin 
14 


is always 
low. 
However, 
once 
synchronization 
is achieved 


and 
pin 
12 is at a lower 
reference 
level, the AFC voltage 
will 
rise 
above 
this 
reference 
and 
then 
below 
it as the 


tuner 
passes 
through 
the AFC detector 
range. 


Pin 
14 thus 
rises to 
18V 
and then 
returns 
to a low level. 


As the 
tuner 
then 
reverses 
slowly, 
pin 
14 again goes high 
when 
the 
AFC 
voltage 
equals 
the 
reference 
on 
pin12. 
This 
terminates 
the search 
routine. 


Positive 
feedback 
can 
be provided 
to give a clean 
transi- 


tion 
and 
to 
prevent 
multiple 
pulses 
being 
sent 
to 
the 
tuning circuits. 


This 
is merely 
one 
possible 
configuration 
of the 
circuit. 


The 
output 
amplifier 
can 
be used 
in the 
inverting 
mode 
if the 
AFC 
S curve 
is inverted. 
A compensation 
point 
is 
also provided 
for application 
involving 
negative 
feedback 
where 
the amplifier 
may need 
stabilizing. 
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The LM1821S is a monolithic 
integrated 
circuit 
specifically 


designed 
to perform 
video 
detection 
in a color 
television 


receiver 
or cable TV decoder. 
The device 
employs 
a phase- 


locked 
loop (PLL) for true synchronous 
detection, 
and in- 


cludes 
post 
video 
amplification 
with 
noise 
inversion 
and 


buffered 
outputs. 
An automatic 
fine tuning 
(AFT) detector 


with 
a defeat 
pin is also provided. 


• 
Wide 
range 
PLL oscillator 


• 
Detector 
very linear 
at low levels 


• 
Adjustable 
zero-carrier 
level 


• 
White-spot 
noise 
inversion 


• 
Second 
video 
output 
for sound 
carrier 


• 
Automatic 
fine tuning 
detector 


• 
Ease of detector 
alignment 


• 
Usable 
to 70 MHz 
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SOUND 
9 
TAKE 
OFF 


VIDEO 
OUTPUT 


Power Supply 
Voltage 


Power Supply 
Current 


Input Signal 
Voltage 


Device Dissipation 


Thermal 
Resistance, 
0 JA 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


15V 


100mA 


1Vrms 


1.5W 


55"C/W 


O"Cto 
+ 70"C 


-65"Cto 
+150"C 


265"C 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Supply 
Current, 
18+ 110 
35 
55 
75 
mA 
o Carrier 
Adjust 
Voltage, 
V11 
SW 1 Position 
2 
7.9 
8.5 
9.0 
V 
o Carrier 
Output 
Voltage, 
V9 
SW 1 Position 
2 
6.8 
8.5 
10.2 
V 
o Carrier 
Bias 
Difference, 
V11-V9 
SW 1 Position 
2 
0 
±1.3 
V 
o Carrier 
Output 
Voltage, 
V10 
Adjust 
V11 for V9 = 7.0V 
6.0 
6.3 
6.5 
V 


AFT Output 
Reference, 
V12 
2.5 
3.0 
3.5 
V 


Detector 
Gain, 
V10 


Output 
Capability, 
V10 


AFT Maximum 
Output, 
V12 


AFT Minimum 
Output, 
V12 


APT Pull-In 
Range 


VIN=500 
mVrms 


SW 4 Position 
2, fiN = 44.5 MHz 


SW 4 Position 
2, fiN = 45.5 MHz 


Difference 
Between 
Upper and Lower 


Lock 
Frequencies 


SW 3 Position 
2, Adjust 
V5 for Beat 


Frequency 
at Pin 10, Measure 
Difference 
in (-) 
Peaks 


fiN = 45.0 MHz, VIN = 100 mVrms, 
CWO 


a) Monitor 
pin 10 and adjust 
VCO tank 
for DC output, 
indicating 
lock. Continue 
to adjust 
for V5 = 5.2V. 


b) Adjust 
limiter 
tank 
for minimum 
pin 10 voltage. 


c) With 
SW 4 in position 
2, adjust 
AFT tank 
for 3V on pin 12. 
OIl 


V 


V 


V 


V 


MHz 
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- 
.. 
~ 
mA 
12.0V 
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1* 


T indicates 
# turns on 1/8" form 


High frequency 
operation 
requires tight layout 


Order 
Number 
LM1821S 
See NS Package 
S16A 


AFT 
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02 
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The LM1828, 
LM 1848 are monolithic 
silicon integrated 
circuits 
which 
demodulate 
the 
chroma 
sub-carrier 
information 
contained 
in a color television video signal 
and 
provide 
color·difference 
signals at 
the 
outputs. 


• 
Low output voltage drift with temperature 


• 
Doubly balanced demodulation 


• 
10 Vp·p EB-Ey 
output 


• 
8uilt-in 
ripple filter capacitors 


• 
Standard matrix in LM1828 


• 
Revised matrix in LM 1848 


• 
Pin compatible with LM746, CA30n 


The low de voltage drift of the outputs insures excellent 
performance 
in 
direct-coupled 
chrominance 
output 
circuitry. 


Order Number 
LM 1828N 
or LMl848N 
See NS Package N14A 
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Operating Temperature 
Range 
O°C to +70°C 


Storage Temperature 
Range 
-65°C 
to +150°C 


Supply Voltage 
30V 


Reference Input 
5 Vp-p 


Chroma Input 
5Vp-p 


Electrical 
Characteristics 
T A = 25°C, Vcc = 24V, RL = 3.3k, Note 1 


PARAMETER 
I 
CONDITIONS 
I 
MIN 
I 
TYP 
I 
MAX 
I 
UNITS 


STATIC 


Is 
Supply Current 
RL = 1M 
5.5 
9.0 
12.5 
mA 


ec = a 
RL = 3.3k 
16.5 
22 
25_5 
mA 


Po 
Power Dissipation 
ec = a 
340 
430 
mW 


V9,V11,V13 
dc Output 
Voltage 
ec = 0, RL = 3.3k 
13 
14.5 
16 
V 


It.Vo I 
Output 
Differential 
ec = 0, R L = 3.3k 
100 
600 
mV 


Output 
Tempco 
ec = a 
3 
mVfC 


V6, V7 
Reference Input dc 
6.2 
V 


V3, V4 
Chroma Input dc 
3.4 
V 


DYNAMIC 


ec 
Chroma Input Sensitivity 
B-Y = 5 Vp-p 
0.4 
0_7 
Vp-p 


V13 
Max B-Y Output 
ec = 1.5 Vp-p 
8 
10 
Vp-p 


ac Unbalance 
ec = a 
0.1 
0.8 
Vp-p 


V9,V11,V13 
Residual Carrier 
B-Y = 5 Vp-p 
1.5 
Vp-p 


R-Y Output 
B-Y = 5 Vp-p 


LM1828 
3.5 
3.8 
4.2 
Vp·p 


LM1848 
4.2 
4.75 
5.25 
Vp-p 


G-Y Output 


LM1828 
0.75 
1.0 
1.25 
Vp-p 


LM1848 
1.3 
1.75 
2.2 
Vp-p 


Note 1: 
Values measured in test circuit. 


Note 2: 
For operation 
in ambient 
temperatures 
above 2SoC, 
the device must be derated based on a 150°C 
maximum 
junction 
temperature 
and a 


thermal resistance of 175°CIW 
junction 
to ambient. 


LM1848 
Revised Matrix 


R·Y 
lJ!t 


10.951 


0.','* 


O.Ol.,.F 
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LM1880 No-Holds 
Vertical/Horizontal 


General 
Description 


The LM1880 
uses compatible 
Linear/12L 
technology 
to 
produce the first 
T. V. horizontal 
and vertical processing 


system which 
completely 
eliminates 
the hold 
controls. 


The heart of the system is a precision 32 times horizontal 
frequency 
VCO 
which 
is designed to 
use a low-cost 


ceramic resonator as a tuning element. 


The VCO signal is divided down in the horizontal 
section 


to 
produce 
a 
pre·driver 
output 
which 
is locked 
to 
negative 
sync 
by means of an on-chip 
phase detector. 


The vertical 
output 
ramp is injection-locked 
by vertical 


sync subject to a sync window 
derived from the vertical 
countdown 
section. A gate pulse centered on the chroma 
burst is also provided. 


+nLJ. 


Vl~ 


2k 


5" 
D 
-= 1JOpF 


SW) 


0 
2 
lOOOpF 


"::" 


• 
No frequency set-up required for horizontal 
or vertical 


• 
Ceramic resonator frequency 
reference 


• 
Accurate horizontal 
pre-driver duty cycle 


• 
Vertical sync window 
referenced to horizontal 


• 
Precise interlaced vertical output 


• 
APC loop parameters completely 
adjustable 


• 
Vertical retrace time adjustable 


• 
Chroma burst gate output 


• 
Internal voltage regulator 


• 
Improved vertical lock time 
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VERTICAL 


RETRACE 


TIMING 


1'o.,/F 


Supply 
Current 
(Pin 9) 


Output 
Voltage 
(Pins 8, 12, 13) 


Output 
Current 


Pin 8 


Pin 12 


Pin 13 
Sync. 
Input 
Voltage 
(Pins 10, 14) 


Sawtooth 
Input 
Voltage 
(Pin 1) 


Package Dissipation, 
T A = 25°C 


Above T A = 25°C, 
Derate Based on 


TJ(MAX) 
= 150°C and 8JA = 150°C/W 


Storage Temperature 
Range 
-55°C 
to +150°C 


Operating 
Temperature 
Range 
O°C to +70°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


40mA 


12V 


50mA 


15mA 


10mA 
5 Vp·p 


Regulated 
Voltage 
(Pin 9) 


Supply 
Current 
(Pin 9) 


VCO 
Reference 
Voltage 
(Pin 3) 


VCO Control 
Current 
(Pin 2) 


Horizontal 
Phase Detector 
Sink Current 


(Pin 2) 


Horizontal 
Phase Detector 
Source Current 


(Pin 2) 


Horizontal 
Output 
Leakage (Pin 8, OFF 


Condition) 


Horizontal 
Output 
Saturation 
Voltage 


(Pin 8, ON Condition) 


Vertical 
Output 
Saturation 
Voltage 


(Pin 12) 


SW 1, SW 4 Pos. 2, V1 = 3.9V, 


V2 = 5V 


SW 1, SW 4 Pos. 2, V1 = 1.9V, 


V2 = 5V 


Horizontal 
Oscillator 
Free-Running 
SW 2 Pos.2 


Frequency 
(Pin 8), (Note 
1) 


MIN 


8.2 


12 


TYP 


8.7 


18 


5.1 


0.25 


05 


MAX 


9.2 


24 


Horizontal 
Oscillator 
Maximum 
Frequency 
V2 = 7V 


(Pin 8) 


Horizontal 
Oscillator 
Minimum 
Frequency 
V2 = 3V 


(Pin 8) 


Vertical 
Minimum 
Lock 
Frequency 
(Pin 12) 
fH = 15,734 
Hz 


Vertical 
Maximum 
Lock 
Frequency 
(Pin 12) 
SW 6 Pos. 2, fH = 15,734 
Hz 


Horizontal 
Pull·ln 
Range 


Horizontal 
Static 
Phase Error 
(S.P.E.) 


Horizontal 
Output 
Duty 
Cycle 


Horizontal 
Oscillator 
Supply 
Sensitivity 


Vertical 
Output 
Retrace Time 


Burst Gate Width 


TYP 
MAX 


±600 


5 Vp·p 


0.83W 


UNITS 


V 


% 


Hz/V 


..oJ 
~ 
6.5 


z;;:~ 
5.5 
~ 
>! 


4.5 


I 


J 
/ 
/ 
/ 
( 
I 


30 


20 


'" 
10 
•... 


::!i 
> 
uz 
-10 


=> 
~ 


-20 


-30 


3.5 
14 
14.5 
15 
15.5 
16 
16.5 
17 


HORIZONTAL 
FREOUENCY 
1kHz! 


Typical Application 


.J'L 


FLYBACK 
(+) 


60Vp-p 


Cf 


D"jJf~ 


C2 


0.01 
IJfT T~~' 


A • 


.".'." 


VCO 
OUT 


c:::J ~~~~~~~OR4 


A, 
" 


LOS 


C, 
.. 
'1'130PF 


510 


VCO 
IN 


Cl 


r""" 
.". 


- 
--... •......•... 


....•.• 


(-;L.J 


COMPOSITE 


SYNC 
20 Vp·p 


C, 
'1'0.05J1f 


C9 


~D.''''F 


r- 


External Components 
(Application 
Circuit) 
s: 
~ 


Typical 
Typical 
CO 


Component 
Comments 
Component 
Comments 
CO 


Value 
Value 
0 


Rg1 
30k 
Burst Gate series resistor. 
Ct 
0.05 }1F 
Vertical 
Retrace timing capa- 


Rg2 
1.5k 
Burst Gate shunt resistor, 
citor, works with 
Rt to deter- 


works with 
Rg1 to divide fly- 
mine ON time of vertical 


back pulse and set Burst Gate 
ramp switch at pin 12. 


amplitude. 
tV. RETRACE"'" 
0.75 RtCt sec. 


Rg2 
Ro 
2k 
Oscillator 
phase shift resistor. 


VB.G. pk = 


Rg1 + Rg2 
VFLYBACK 
Co 
130 pF 
Works with 
Ro to produce 
45° lag required by VCO 


Rf 
3.9k 
Flyback Sawtooth 
integrator 
phase shifter. 


resistor, works with Cf to inte- 
Rs 
510n 
Defines Q of ceram ic resona- 


grate flyback 
pulse to 1 Vp-p 
tor tuned network, 
which 


min sawtooth. 
For Cf = 
affects VCO control 
curve. 


0.1 }1F, 
CL 
1000pF 
Completes VCO loop with 


VSAW p_p"'" 


85 VFL YBACK 
phase lag, required to sustain 


Rf 
oscillation 
and suppress 
resonator overtones. 
Cf 
0.1 }1F 
Flyback Sawtooth 
integrator 
Rr 
510n 
Series resistor to device supply 
capacitor. 
pin 9. Must supply sufficient 
Cl 
0.1 flF 
Sawtooth 
input coupling capa- 
current to activate internal 
citor. 
shunt regulator. 


Rh 
7.5k 
Horizontal 
Sync 
input 
coupling 
resistor. 
V(unreg) 
- 
9V 
Rh = 0.4 x VSYNC POpkn 
Rr= 
n 


0.03 
Ch 
510 pF 
Horizontal 
Sync input 
coupling capacitor, 
blocks 
C9 
0.1 }1F 
Device supply decoupling 
capa- 
vertical sync components. 


Rv 
16k 
Vertical 
sync input integrator 
citor. 


resistor. 
Rd 
1.2k 
Horizontal 
pre-driver output 


Cv 
0.05}1F 
Vertical 
sync input integra- 


resistor, supplies base current 
to Horizontal 
driver transistor 
tor capacitor, 
works with 
Rv 
when pin 8 is OFF. 


to integrate composite sync 
C2 
0.01 }1F 
Horizontal 
APC loop filter 
to -2 
Vp-p min pulse. For 
N.T.S.C. sync, Vert. sync "'" 
high frequency 
roll-off. 
C2 


1.4 x 10-4 
also prevents signal on loop 


(Comp. sync) Vp-p 
filter 
from saturating 
phase 


RvCv 
detector output. 


Cl0 
0.1 }1F 
Vertical 
sync coupling capa- 
Rx 
3.3k 
Rx, Ry and Cc form the 


citor. 
Ry 
lOOk 
Horizontal 
APC loop filter. 


Rt 
16k 
Vertical 
Retrace timing 
Cc 
1 }1F 
See Appl ications Information 


resistor. 
to modify 
loop parameters. 


IIII 


The vertical counter in the LM 1880 replaces the conven· 
tional 
vertical 
oscillator 
in 
a television 
reciever. The 
vertical 
lock·in 
range is governed by the width 
of the 
vertical 
sync window, 
which 
opens from 
count 
510 to 
count 
542 following 
a vertical 
reset. The vertical 
lock 
frequencies 
are 
referenced 
to 
twice 
horizontal 
fre· 
quency 
to 
insure 
interlaced 
vertical 
and 
horizontal 
outputs. 
For fHaRIZ 
= 
15,734 
Hz, the vertical 
lock 
frequencies are calculated as follows; 


2(15,734) 


510 


2(15,734) 


542 


In virtually 
all standard and non·standard 
sync signals 
the vertical 
sync is also derived 
from 
the 
horizontal, 


so that 
as long 
as the 
horizontal 
sync frequency 
is 
within 
the pull·in 
range of the LM 1880 (approximately 


±600 Hz), the vertical lock window will remain centered 
on the vertical 
sync. Thus, 
the effective 
vertical 
lock 
range is increased by the horizontal 
APC; 


2 (15,734 + 600) 


510 


2 (15,734 - 
600) 


542 


The time required for the vertical to "roll·thru" 
and lock 
is a function 
of 
the difference 
frequency 
and relative 
phase of fv. LaW and the vertical sync; 


I 
I 
tRaLL·THRU 
(AVG) = 2' 
60 _ 58 Hz 


The following 
information 
is given to provide a basis for 
modifying 
the filter 
to achieve the desired loop perfor· 


mance. 
Although 
the 
vca 
is 
actually 
running 
at 
503.5 kHz, for convenience all parameters are referenced 
to 
the 
actual 
horizontal 
output 
frequency 
at pin 
8. 


The DC loop gain is the product 
of the phase detector 


conversion 
gain (Ii) and the vca 
sensitivity 
(Il). For the 
typical 
appl ication ci rcuit, 


Ii = 1.6 x 10-4 
Ry V/Rad 
and 
Il = 800 Hz/V 
lill = 0.13 Ry Hz/Rad 
for Ry = 100 kn,lill 
= 13,000 Hz/Rad 


In order 
to determine 
static 
phase error 
(S.P.E.). the 
loop gain may be expressed in HZ/liS; 


13,000 
X 27T 
lill = ----- 
= 
1,286 HZ/liS 
63.5 liS 


For comparison, 
this value is nearly 
double 
the loop 
gain of the LM1391. 
The increased loop gain (reduced 
phase error) 
guarantees accurate centering 
of the burst 
gate pulse on pin 13 of the LM1880. 


The following 
equations cover AC loop parameters of 
interest; 


Noise Bandwidth 


1 + 27T(R~/Ry) 
Cc lill 


fNN == 
--------- 
- 
Hz 
4RxCc 


Damping Factor 


K == 
7T 
R~ 


2 
Ry 


The pull·in 
and hold·in 
range of the LM1880 horizontal 
APC loop are directly 
determined 
by the vca 
control 
range. Thus 
the loop would 
be capable of pulling 
the 
vca 
further 
than 
±600 
Hz, but 
it has well 
defined 
frequency 
limits 
which 
prevent 
it from 
doing so. As a 
result of these built·in 
"stops", 
the loop parameters may 
be varied 
over a large range without 
affecting 
pull·in 
performance. 


The vca 
control 
range, and hence pull·in, can be modi· 
fied 
to some extent 
by varying 
the Q of the ceramic 
resonator with resistor Rs; 


Incr. Rs -> Incr. Pull·in 
Reduce Rs-> Reduce Pull·in 


However, because of the non·linearity 
of the resonator, 
Rs has a much greater effect on the negative side pull·in 
than the positive side. 


Since the LM 1880 uses a counter to derive the horizontal 
frequency, 
care must 
be taken 
to 
prevent extraneous 
signals from the horizontal 
driver and output 
stagesfrom 
feeding back to the vca 
where they could cause false 
counts and consequent severe phase jitter. 
The following 
guidelines 
will 
prevent 
this 
problem 
from 
occurring; 


A. 
Keep the vca 
feedback capacitor, 
CL, as close as 
possible to device pins 6 and 7. 


B. 
Limit the lead length on the horizontal 
output 
pin 8. 


If a long line is reRuired to the driver base, isolate it 
with 
a small series resistor 
(200-300n) 
next 
to 
pin 8. 
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The LM1880 
uses a phase-shift type voltage-controlled 
oscillator 
(VCO). 
The 
gain for 
the oscillator 
loop 
is 
derived from differential 
amplifiers 
Q30, Q31 and Q22, 
Q23. 
The 
collector 
current 
in 
Q23 
is phase-shifted 
45° at pin 5 and summed with a portion 
of the current 
in Q22, controlled 
by differential 
amplifier 
Q20, Q21. 


The 
resulting 
output 
phase at pin 4 coupled 
through 
the ceramic 
resonator 
to 
pin 6 defines the oscillation 
frequency_ 
Differential 
amplifier 
Q16, Q17, controlled 
by the pin 2 voltage, determines the current split in Q20 
and Q21 and, consequently, 
the pin 4 phase and oscilla- 
tion 
frequency. 
The 
multiple-emitter 
degeneration 
in 
Q17 compensates the resonator phase characteristic 
to 
produce a nearly linear VCO control curve. 


ON, holding a capacitor on pin 11 near ground. During 
this time Qll 
and Q12 are OFF, 
allowing 
the vertical 
ramp to form on pin 12. When the reset pulse is received, 
Q7 turns Q8, Q9 OFF and Qll, 
Q12 ON, discharging 
the vertical 
ramp for the duration 
of the retrace time. 


Retrace is completed when the pin 11 capacitor charges 
to the Q8 threshold, and the SCR again latches. 


The remaining sections of the device are the horizontal 
phase detector 
and 
burst 
gate former. 
The 
balanced 
phase detector 
consists of comparator 
Q43, 
Q44 and 
current source Q39 gated by differential 
amplifier 
Q41, 


Q42. Negative horizontal 
sync pulses on pin 14 enable 
the 
comparator, 
and the fly back sawtooth 
on pin 
1 
switches the cu rrent 
from 
Q43 to 
Q44 
based on the 
relative 
phase between 
the 
sync 
and sawtooth. 
Q44 
takes a (-) 
current pulse from pin 2, while the pulse in 
Q43 is turned 
around 
in the current 
mirror 
Q45, Q46 
and Q47 to produce a (+) current 
pulse at pin 2. These 
currents are then integrated 
by the external 
loop filter 
to control the VCO. 


The flyback sawtooth also switches differential 
amplifier 
Q49, 
Q50, which 
activates the burst gate. During the 
first 
half of the fly back pulse Q49 will 
be ON, which 
turns Q51 and Q52 ON and clamps pin 13 near ground. 
The sawtooth 
switches Q49, Q51 and Q52 OFF at the 
peak of the flyback, 
releasing pin 13. In this manner, 


the second half of a fly back pulse fed to pin 13 can be 
used as a burst gate. 


Q53, 
Q54 
and Q55 
form 
the 
active shunt 
regulator 
which holds the supply pin 9 at 8.7V typo 


The 503.5 kHz output of the VCO is taken from squaring 
amplifier 
Q32, Q33 through 
Q34 and Q35 to the 
12L 


-;-16 pre-scaler TO- T3. The 2fH output 
is then divided 
again in T4 to produce the desired horizontal 
frequency 
at gate G8. The horizontal 
pre-driver section consists of 
Q3, Q4 and Q5, which produce an open-collector 
output 
square-wave at pin 8. 


The 2fH 
pre-scaler output 
also drives a data flip-flop 
which resets the vertical counter Fl-F9. 
The data input 
of the reset flip-flop 
is controlled 
by the vertical sync 
from pin 10 subject to gates G3 and G5. After 510 2fH 
cycles following 
reset, vertical sync from Ql 
and G4 is 
enabled by G3. A sync pulse received after this time 
initiates 
reset on 
the 
next 
2fH 
cycle. 
If 
no pulse is 
received 
after 
542 
cycles, 
G5 
will 
initiate 
the 
reset 
process. A reset pulse from 
the counter 
is taken 
via 
G9 to the retrace timing section. SCR Q8, Q9 is normally 


~National 
~ 
Semiconductor 


The 
LM 1886 
is a TV 
video 
matrix 
D to A converter 


which 
encodes luminance 
and color 
difference 
signals 
from 
3-bit 
red, green and blue inputs. 
The luminance 
output 
is encoded from 
the NTSC equation 
Y = O.3R + 
O.59G + O.11B and the R-Y and B-Y outputs are weighted 
to 
prevent 
over-modulation. 
A 
built-in 
R-Y and burst 


gate 
polarity 
switch 
allow 
European 
PAL 
compatible 


signals to 
be encoded. 
All 
output 
levels including 
an 
RF 0 Carrier Bias Voltage 
have been referenced 
to 5V 


for 
direct 
connection 
to the 
LM 1889 TV video modu- 
lator. 
When used in combination 
with 
the LM 1889 and 


a suitable sync generator, 3-bit 
R, G and B information 
may 
be 
encoded 
to 
both 
composite 
video 
and 
RF 


channel carrier. 
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Order Number LM1886N 
See NS Package N20A 


• 
Complete digital to RF encoding with 
LM1889 


• 
1-pin PALINTSC 
mode select 


• 
True NTSC matrix 


• 
8.levels of grey scale 


• 
Allows wide range of colorimetry 


• 
Low power TTL inputs 


• 
Wide band luminance output 


• 
Weighted R-Y, B-Y outputs 
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Absolute Maximum Ratings 


Supply 
Voltage 
Pin 5 
15V 


Pin 20 
6V 


Input 
Voltage (Pins 1, 8, 9,11-19) 
---O.5V,+12V 


Pin 2 Voltage 
Relative to Pin 20 
0.8V 


Output 
Current 
5mA 


Power Dissipation, 
TA = 25°C (Note 1) 
1.67W 


Storage Temperature 
Range 
-55°C 
to +150°C 


Operating 
Temperature 
Range 
O°C to 70°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical Characteristics 
TA = 25°C, (Figure 2, Note 2) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


5V Supply Current (Pin 20) 
BLANK = O.BV 
7 
11 
16 
mA 


12V Supply Current (Pin 51 
BLANK = 0,8V 
9 
13 
17 
mA 


Logic "1" 
Input Current 
Input Voltage = 5.0V 
0 
10 
IJ.A 


(Pins 1,2,8,9,11-19) 


Logic "0" 
Input Current 
Input Voltage = 0.3V 
-0.01 
-0.18 
mA 


(Pins 1,2,8,9,11-19) 


Output Offsets 
R, G, B = 0.8V 


t.Vy 
0 
±50 
mV 


t.VR_Y 
0 
±50 
mV 


t.VB_Y 
0 
±50 
mV 


R·Y Full Scale, (t.VR-Y)FS 
R = 2V; G, B = 0.8V 
1.0 
1.23 
1.4 
V 


B-Y Full Scale, (t.VB.Y)FS 
B = 2V; R, G = 0.8V 
0.7 
0.87 
1.0 
V 


Green Full Scale 
G = 2V: R, B = 0,8V 


t.VR_Y 
-0.85 
-1.03 
-1.2 
V 


t.VB_Y 
-0.45 
-0.58 
-0.7 
V 


Y Full Scale 
R, G, B = 2V 


(t.VY)FS 
1.6 
1.75 
1.9 
V 


t.VR_Y 
0 
±100 
mV 


t.V8_Y 
0 
±75 
mV 
o Carrier Reference, t.VO 
2.0 
2.2 
2.5 
V 


Blanking Level, t. Vy 
--- 
BLANK = 0.8V 
0 
±50 
mV 


Sync Level, t. Vy 
BLANK, SYNC = 0.8V 
-0.67 
-0.77 
-0.87 
V 


NTSC Burst, t.VB_Y 
BLANK, BURST GATE = 0.8V 
-0.26 
-0.35 
-0.46 
V 


PAL Burst 


t.VR_Y 
SW in PAL Position; 
-0.2 
-0.25 
-0.32 
V 


t.VB_Y 
--- 
BLANK, 
BURST GATE, 
-0.2 
-0.25 
-0.32 
V 


H/2 = 0.8V 


PAL 
Inversion 
Ratio 
R = 2V; G, B, H/2 = 0.8V 
-0.9 
-1.0 
-1.1 


It. VR-Y)PAL/(t. 
VR-yl FS 
SWto PAL Position 


Y Linearity 
Error 
Figure 2b Input Connection 
±1 
±6 
%FS 


Y Switching 
Times 
15 kHz Square WaveSwitching 


R, G, B in Parallel 


Rise Time, tR 
35 
ns 


Fall Time, tF 
30 
ns 


Sell Iing Time ±1 LSB 
50 
ns 


Note 1: Above TA = 25·C, deratebasedon TJ(MAX) = lS0·C and 0JA = 7S"C/W. 
Note 2: Unlessotherwise noted, BLANK, SYNC, BURST GATE 
2V 
and SW is in NTSC 
position. 
All outputs are referenced 
to the +5V 
supply 


as shown in Figure 
2a. 


i'IAiK 
Z.DYMIN ----------U 
INPUT 


(PINg) 
O.8VMAX 
---------- 


U 


rniC 
Z.OYMIN 


INPUT 
(PIN II 
O.IVMAX 


"IU1ilTG1Tr 
Z.OVMIN 


INPUT 
(PIN 1) 
O.8VMAX 


HIZ INPUT 


5.OVMAX 


PAL ONLY 
Z.OYMIN 


(PINZ) 
D.IYMAX 


REO INPUTS 
Z.OVMIN-- 


(PINS 
11,lZ.13) 


O.8VMAX 


1.03Y 


D.5ZV-- 


020V 


-(LZ9V-- 
~.35V 
-B.58Y 


123Y-- 


LD3V 


O.25V 
O.2DV 


LJ 
LJ 


~20Y 
~25Y 
-1.03V---- 
-1.Z3V-------------- 


Application Notes 
(Refer to Figure 3) 


SYNC, 
BLANK, 
and BURST GATE 
may be obtained 
from a sync generator IC similar to MM5320 or MM5321. 
For 
PAL 
operation, 
the H/2 square wave may be ob- 
tained by a 72 from horizontal 
sync. 


All 
inputs 
are 
low-power 
TTL 
compatible. 
Because 
of the very low typical 
input currents, the color inputs 
may be paralleled 
in various combinations. 
For simple 
color 
requirements, 
the 
Figure 
2a 
input 
connection 


may 
be used to 
produce 
the 
6 primary 
and comple- 


mentary 
colors listed in Table I, along with 
black and 
white. To add complex colors such as those at the bottom 
of Table I, all 9 input 
bits may be required separately. 
When choosing 
input 
codes for 
other 
colors, 
always 
check the new color 
against both 
light 
and dark back- 


grounds. 


All outputs 
are referenced to the +5V supply for direct 
connection 
to 
the 
LM 1889. The resistor on the lumi- 
nance output 
pin 6 is used to sum the chroma subcarrier 
from 
the 
LM 1889 
and 
must 
be wired 
as tightly 
as 
possible 
to 
preserve 
the 
video 
bandwidth. 
For 
the 
addition 
of 
sound or 
a second RF channel, 
refer to 
the LM 1889 data sheet. 


TABLE 
I. INPUT 
CODE EXAMPLES 
FOR COMMON 
COLORS 


INPUT CODE 


RED 
GREEN 
BLUE 
COLOR 
M 
L 
M 
L 
M 
L 
Black 
a a a 
a a a 
a a a 
Dark Grey 
a 
1 a 
a 
1 a 
a 
1 a 


Light Grey 
1 a 
1 
1 a 
1 
1 a 
1 
White 
1 
1 
1 
1 
1 
1 
1 
1 
1 


>r 


ed 
1 
1 
1 
a a a 
a a a 


.~ 
Green 
a a a 
1 
1 
1 
a a a 


Cl. 
Blue 
a a a 
a a a 
1 
1 
1 


~ 
~ ryan 
a a a 
1 
1 
1 
1 
1 
1 
a.~ 


1 
1 
1 
a a a 
E 
c 
Magenta 
1 
1 
1 
o " 
u E 
Yellow 
1 
1 
1 
1 
1 
1 
a a a 


Brown 
a 
1 
1 
a 
1 
1 
a a a 
Orange 
1 
1 
1 
1 a a 
a a a 


Flesh tone 
1 
1 
1 
1 
1 a 
1 a 
1 
Pink 
1 
1 
1 
1 
1 a 
1 
1 a 
Sky Blue 
1 a 
1 
1 a 
1 
1 
1 
1 
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NTSC 


3.5795 


43 


MHz 


pF 


PAL 
4.4336 


36 
Circuit Description (Refer to Figure 4) 


The 3-bit 
red, green, and blue inputs go to identical 
3-bit current-mode 
digital-to-analog 
converters (DACs). 
Each DAC 
consists of 
three 
binary-weighted 
current 
sources controlled 
by diff·amp 
current 
switches. The 
DAC output 
currents 
are arbitrarily 
given a weighting 
factor 
of 0.59, which 
is the green coefficient 
in the 
luminance 
equation. 
Portions 
of 
the 
red 
and 
blue 
currents 
are split 
off, 
so that 
the remaining currents 
combined 
with 
the green current 
form 
the luminance 
current 
Iy = 0.3 IR + 0.59 IG + 0.11 lB. Iy develops 
the 
luminance 
voltage 
Vy 
across RO in a summing 
amplifier 
referenced 
to 
the 
+5V 
supply. 
A 
current 
6witch 
operated 
by pin 8 adds (-) 
sync pulses to the 
y output at pin 6. 


The portions 
of red and blue currents previously 
split 
off 
flow 
th rough 
resistors 
RO/0.29 
and 
ROIO.48, 
which are weighted to form 
the red and blue voltages 
respectively. Since the opposite ends of the 2 resistors 
are connected to Vy, 
the red and blue voltages across 
the 
resistors subtract 
from 
Vy 
to 
develop the color 
difference 
voltages VY-R 
and VY-B. 
Vy -B is coupled 
through 
a X.56 gain, 5V-referenced 
inverting 
amplifier 
to the B-Y output at pin 4. VY-R feeds parallel inverting 
and 
non-inverting 
unity 
gain amplifiers 
which 
allow 
either polarity 
to be coupled to the R-Y output 
pin 3. 
Switching 
between 
the 
2 amplifiers 
is controlled 
by 
a current switch activated by the H/2 pin 2. A (-) burst 
gate pulse on 
pin 
1 controls 
current 
switches which 
add the 
burst pulse components 
to the B-Y and R-Y 
outputs. 
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The requirements 
for 
PAL and NTSC encoding differ 
in the areas of burst gate operation 
and R-Y polarity, 


both of which are controlled via pin 2 asfollows: 


PAL, pin 2 fed by a half-line frequency TIL 
square 
wave-in 
this mode a PNP switch between pin 2 and 
+5V is held off continuously, 
which results in equal 
burst pulse components on the B-Y and R-Y outputs. 
In 
addition, 
the 
H/2 square wave causes the 
R-Y 
output 
polarity 
to 
reverse every 
line. 
(When fed 
to 
the 
LM1889 
chroma modulator 
this causes the 
phase of the 
R-Y subcarrier to change 1800 as re- 
quired in PAL.) 


NTSC, pin 
2 tied 
through 
an external 
resistor to 
+12V-this 
turns 
on the PNP switch 
continuously, 


which eliminates the burst pulse on the R-Y output 
and increases the amplitude 
of the B-Y pulse. Since 
pin 2 is being held high, the R-Y output 
is locked 
in the positive polarity. 


Blanking is activated by a low on pin 9, which de-biases 
the left side of the DAC diff-amps, 
so that 
IR = IG = 
IB = 0 independent of the input states. When blanked, 
the Y, B-Y and R-Y outputs all ~o to +5V. An additional 
ampl ifier 
produces 
a 0 
carrier 
reference 
voltage 
at 
pin 
7 which 
is 25% above the peak white 
voltage on 
the Y output, 
relative to +5V. 
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~National 
~ 
Semiconductor 


The 
LM 1889 
is designed 
to 
interface 
audio, 
color 


difference, 
and luminance 
signals to the antenna termi- 


nals of a TV 
receiver. It consists of a sound subcarrier 


oscillator, 
chroma 
subcarrier 
oscillator, 
quadrature 
chroma 
modulators, 
and RF oscillators 
and modulators 
for two low-VHF 
channels. 


The 
LM1889 
allows 
video 
information 
from 
VTR's, 


games, test equipment, 
or similar sources to be displayed 


on 
black 
and white 
or color 
TV 
receivers. When used 


with 
the MM57100 
and MM53104, 
a complete TV game 


is formed. 


11 " 
~ 
15V 


1D " 


~O.lI'F 


r- 
Absolute Maximum Ratings 
s: 
Supply Voltage V14, V16 max 
19 Vdc 
"""'"CO 
Power Dissipation 
Package (Note 1) 
1390 mW 
CO 
Operating 
Temperature 
Range 
O°C to +70°C 
CO 
Storage Temperature 
Range 
-55°C 
to +150°C 


Chroma Osc Current 
i17 max 
10 mAde 


(V16-V15) 
max 
±5 Vdc 


(V14-V10) 
max 
7V 


(V14-V11) 
max 
7V 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


DC Electrical Characteristics 
(deTest 
Circuit, 
All SW Normally 
Pos. 1, VA = 15V, VB = VC= 
12V) 


PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


Supply Current, 
IS 
20 
35 
45 
mA 


Sound Oscillator, 
Current Change, AI15 
Change V A From 12.5V to 
0.3 
0.6 
0.9 
mA 


17.5V 


Chroma Oscillator 
Balance, V17 
9.5 
11.0 
12.5 
V 


Chroma Modulator 
Balance, V13 
7.0 
7.4 
7.8 
V 


R-V Modulator 
Output 
Level, AV13 
SW 3, Pos. 2, Change SW 1 
0.6 
0.9 
1.2 
V 


From Pos. 1 to Pos. 2 


B-Y Modulator 
Output 
Level, AV13 
SW 3, Pos. 2, Change SW 2 
0.6 
0.9 
1.2 
V 


From Pos. 1 to Pos. 2 


Chroma Modulator 
Conversion 
Ratio, 
SW 3, Pos. 2, Change SW 0 
0.45 
0.70 
0.95 
V/V 


AV13/AV3 
From Pos_1 to Pos. 2. Divide 


AV13 
by AV3 


Ch. A Oscillator 
"OFF" 
Voltage, V8, V9 
SW 4, Pos. 2 
0.5 
1.5 
3.0 
V 


Ch.A 
Oscillator 
Current 
Level, i9 
VB = 12V, Vc = 13V 
2.5 
3.5 
5 
mA 


Ch. B Oscillator 
"OFF" 
Voltage, V6, V7 
0.5 
1.5 
3.0 
V 


Ch. B Oscillator 
Current 
Level, 16 
SW 4, Pos. 2, VB = 12V, 
2.5 
3.5 
5 
mA 


Vc = 13V 


Ch. A Modulator 
Conversion 
Ratio, 
SW 1, SW 2, SW 3, Pos. 2, 
0.35 
0.55 
0.75 
v/v 


AV11/(V13-V121 
VB = 12V, Change Vc From 


13V to 11V For AV11 
Divide 


By V13-V12 


Ch. B Modulator 
Conversion 
Ratio, 
All SW, Pos. 2, VB = 12V, 
0.35 
0.55 
0.75 
V/V 


AV10/(V13-V121 
Change Vc From 
13V to 11V 


Divide as Above 


AC Electrical Characteristics 
(ac Test Circuit, 
V = 15V) 


PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS - 


Chroma Oscillator 
Output 
Level, V17 
CLOAD:::; 
20 pF 
4 
5 
Vp-p 


Sound Carrier Oscillator 
Level, V15 
Loaded by RC Coupl ing 
2 
3 
4 
Vp-p 


Network 


Ch.3 
RF Oscillator 
Level, V8, V9 
Ch. Sw. Pos. 3, f = 61.25 MHz, 
200 
350 
mVp-p 


Use FET Probe 


Ch.4 
RF Oscillator 
Level, V6,. V7 
Ch. Sw. Pos. 4, f = 67.25 MHz, 
200 
350 
mVp-p 


Use FET Probe 


Chroma, fo = 3.579545 
MHz 


Sound Carrier, A F 


Oscillator Temperature Dependence (IC Only) 


Chroma 


Sound Carrier 


RF 


Chroma Oscillator Output, Pin 17 


'R ISE. 10-90% 


'FALL. 
90-10% 


Duty Cycle (+) Half Cycle 


(-) Half Cycle 


AF Oscillator Maximum Operating Frequency 


(Temperature Stability Degraded) 


Chroma Modulator (f = 3.58 MHz) 


B-Y Conversion Gain V13/(V4-V3J 


A·Y Conversion Gain V13/IV2-V3) 


Gain Balance 


Bandwidth 


HzlV 
Conversion Gain, f = 61.25 MHz, 


See Curves 
VOUT/(V13-V12) 


3.58 MHz Differential Gain 


0.05 
ppmtC 
Differential Phase 


-15 
ppmtC 
2.5 Vp·p Video. 
87.5% mod. 


-50 
ppmtC 
Output Harmonics Below Carrier 


2nd,3rd 


20 
ns 
4th and above 


30 
ns 
Input Impedances 
51 
% 
Chroma Modulator, Pins 2, 4 
49 
% 
R F Modulator, Pin 12 


100 
MHz 
Pin 13 


0.6 


0.6 


±O.5 


See Curve 


Vp·plV 


Vp·plV 


d8 


500k//2 
pF 


lM//2 
pF 


250k113.5 pF 


Typical Performance 
Characteristics 


Sound Carrier 
Oscillator 
R F Oscillator Frequency 
Chroma Modulator 


Supply Dependence 
Supply Dependence 
Transconductance 
Bandwidth 


x 
(fo = 4.5 MHz) 
fo = 67.25 MHz 
lOUT 13N1 or 18 
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Chroma Modulator 
RF Modulator 
Common-Mode 
Input Range 
Common-Mode 
Input Range 
Pins2. 3, 4 
Pins 12, 13 (Applications 
Circuit) 
•••• 
••• 
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Circuit 
Description 
(Refer to Circuit Diagram) 


The sound carrier 
oscillator 
is formed 
by differential 
The channel 
B oscillator 
consists of devices 056 
and 


amplifier 
03, 04 operated with 
positive feedback from 
057 
cross-coupled 
through 
level-shift 
zener 
diodes 
the pin 15 tank to the baseof 04. 
054 
and 055. A current regulator consisting of devices 


039-043 
is used to achieve good RF frequency stability 


The chroma oscillator 
consists of the inverting amplifier 
over supply and temperature. 
The channel B modulator 


016, 
017 
and Darlington 
emitter 
follower 
011, 
012. 
consists of multiplier 
devices 058, 059 and 050-053. 


An external 
RC and crystal 
network 
from 
pin 17 to 
The top quad is coupled to the channel B tank through 


pin 18 provides an additional 
180 degrees phase lag back 
isolating 
devices 048 
and 049. 
A de offset 
between 


to the base of 017 to produce oscillation 
at the crystal 
pins 12 and 13 offsets the 
lower 
pair to produce an 


resonance frequency. 
(Seeac test circuit). 
output 
RF carrier at pin 10. That carrier is then modu- 


lated by both the chroma signal at pin 13 and the video 
and sound 
carrier 
signals at 
pin 
12. The channel A 
The feedback signal from the crystal is split in a lead-lag 
modulator 
shares pin 12 and 13 buffers 045 and 044 


network 
to pins 1 and 18, respectively, to generate the 
with 
channel 
B and operates in an identical 
manner. 
subcarrier reference signals for the chroma modulators. 
The R-Y modulator 
consists of multiplier 
devices 029, 
The current flowing 
through channel B oscillator diodes 


030 and 021-024, 
while the B·Y modulator 
consists of 
054, 
055 
is turned 
around 
in 060, 
061 
and 062 
to 
031, 
032 
and 025-028. 
The multiplier 
outputs 
are 
source current 
for the channel B RF modulator. 
In the 


coupled 
through 
a balanced summing 
amplifier 
037, 
same manner, the channel A oscillator 
071-074 
uses 


038 
to 
the 
input 
of 
the 
RF modulators 
at pin 
13_ 
turn around 077, 078 and 079 to source the channel A 
With 0 offset 
at the lower 
pairs of the multipliers, 
no 
modulator. 
One oscillator 
at a time may be activated by 
chroma 
output 
is 
produced. 
However, 
when 
either 
connecting 
its tank to supply 
(see ac test circuit). 
The 
pin 2 or pin 4 is offset relative to pin 3 a subcarrier out- 
corresponding modulator 
is then activated by its current 
put 
current 
of 
the appropriate 
phase is produced 
at 
turn-around, 
and the other 
oscillator/modulator 
com- 


pin 13. 
bination remains "OFF". 
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Note, All capacitors 
in J.lF. All 


resistors 
in n. 


*CENTRALAB 
Model 2 


ULTRALIFE 
potentiometer 
or equ ivalent 


The 
oscillator 
is a crystal-controlled 
design 
to ensure 
the 
accuracy 
and 
stability 
required 
of 
the 
subcarrier 
fre- 


quency 
for 
use 
with 
television 
receivers. 
Lag-lead 
net- 
works 
(R2C2 
and 
C1 R 1) 
define 
a 
quadrature 
phase 
relationship 
between 
pins 
1 and 
18 
at 
the 
subcarrier 
frequency 
of 
3.579545 
MHz. 
Other 
frequencies 
can 
be 
used 
and 
where 
high 
stability 
is not 
a requirement, 
the 
crystal 
can 
be 
replaced 
with 
a parallel 
resonant 
L-C 
tank 
circuit-to 
provide 
a 2 
MHz 
clock, 
for 
example. 
Note 
that 
since 
one 
of 
the 
chrominance 
modulators 
is 
internally 
connected 
to 
the 
feedback 
path 
of the 
oscil- 


lator, 
operation 
of 
the 
oscillator 
at 
other 
than 
the 
correct 
subcarrier 
frequency 
precludes 
chrominance 
modulation. 


When 
an 
external 
subcarrier 
source 
is 
available 
or 


preferred, 
this 
can be used instead. 
For proper 
modulator 
operation, 
a 
subcarrier 
amplitude 
of 
500 
mVp-p 
is 
required 
at pins 
1 and 
18. 
If the 
quadrature 
phase 
shift 


networks 
shown 
in the 
application 
circuit 
are retained, 
about 
1 Vp-p 
subcarrier 
injected 
at the 
junction 
of C1 


and 
R2 
is sufficient. 
The 
crystal, 
C4 
and 
R3 are elim- 
inated 
and 
pin 
17 
provides 
a 
5 
Vp-p 
signal 
shifted 
+125° 
from 
the external 
reference. 


The 
simplest 
method 
of 
chroma 
encoding 
is to 
define 
the 
quadrature 
phases 
provided 
at pins 
1 and 
18 as the 
color 
difference 
axes 
R·Y 
and 
B-Y. 
A signal 
at 
pin 
2 
(R-Y) 
will 
give 
a chrominance 
subcarrier 
output 
from 
the 
modulator 
with 
a relative 
phase 
of 
90° 
compared 
to 
the 
subcarrier 
output 
produced 
by 
a signal 
at pin 
4 
(B-Y). 
The 
zero signal 
dc level of the 
R-Y and 
B-Y inputs 
will 
determine 
the 
bias 
level 
required 
at 
pin 
3. 
For 


example, 
a pin 
2 signal 
that 
is 1V positive 
with 
respect 
to pin 
3 will 
give 0.6 
Vp-p 
subcarrier 
at a relative 
phase 
of 
90°. 
If pin 
2 is 1V negative 
with 
respect 
to 
pin 
3, 


the 
output 
is again 
0.6 
Vp-p, 
but 
with 
a relative 
phase 
of 270°. 
When 
a simultaneous 
signal 
exists 
at pin 4, the 
subcarrier 
output 
level and 
phase 
will 
be the vector 
sum 


of the 
quadrature 
components 
produced 
by pin 2 and 4 
inputs. 
Clearly, 
with 
the 
modulation 
axes 
defined 
as 
above, 
a negative 
pulse 
on 
pin 
4 during 
the 
burst 
gate 
period 
will 
produce 
the 
chrominance 
synchronizing 
"burst" 
with 
a phase 
of 
180°. 
Both 
color 
difference 
signals 
must 
be dc 
coupled 
to 
the 
modulators 
and 
the 
zero 
signal 
dc level of both 
must 
be the same 
and within 
the common-mode 
range 
of the 
modulators. 


The 
0_6 Vp-p/V 
dc 
conversion 
gain 
of the 
chrominance 
modulators 
is obtained 
with 
a 2 kn 
resistor 
connected 


at pin 
13. 
Larger 
resistor 
values 
can 
be used 
to 
increase 
the 
gain, 
but 
capacitance 
at pin 
13 will reduce 
the 
band- 


width. 
Notice 
that 
equi-bandwidth 
encoding 
of the color 
difference 
signals 
is implied 
as both 
modulator 
outputs 
are 
internally 
connected 
and 
summed 
into 
the 
same 
load 
resistor. 


tank 
circuit 
and 
deviating 
the 
center 
frequency 
via a 


capacitor 
or a varactor 
diode. 
Switching 
a 5 pF capacitor 
to 
ground 
at 
an 
audio 
frequency 
rate 
will 
cause 
a 


50 
kHz 
deviation 
from 
4.5 
MHz. 
A 
1N5447 
diode 
biassed 
-4V 
from 
pin 
16 will 
give 
±20 
kHz 
deviation 
with 
a 
1 Vp-p 
audio 
signal. 
The 
coupling 
network 
to 
the 
video 
modulator 
input 
and 
the 
varactor 
diode 
bias 


must 
be 
included 
when 
the 
tank 
circuit 
is tuned 
to 
center 
frequency. 


A good 
level for the 
R F sound 
carrier 
is between 
2% and 
20% 
of the 
picture 
carrier 
level. 
For exa"lple, 
if the peak 
video 
signal 
offset 
of 
pin 
12 with 
respect 
to 
pin 
13 is 


3V, 
this 
corresponds 
to a 30 mVrms 
picture 
RF carrier. 


The 
source 
impedance 
at 
pin 
12 
is 
defined 
by 
the 
external 
2 kn 
resistor 
and 
so a series 
network 
of 15 kn 


and 
24 
pF 
will 
give 
a sound 
carrier 
level 
at -32 
dB to 


the picture 
carrier. 


Two 
RF channels 
are available, 
with 
carrier 
frequencies 


up to 
100 
MHz being 
determined 
by L-C tank 
circuits 
at 
pins 
6, 
7, 
8 and 
9. 
The 
signal 
inputs 
(pins 
12, 
13) 
to 
both 
modulators 
are common, 
but 
removing 
the 
power 
supply 
from 
an 
R F 
oscillator 
tank 
circuit 
will 
also 
disable 
that 
modulator. 


As 
with 
the 
chrominance 
modulators, 
it 
is the 
offset 
between 
the 
two 
signal 
input 
pins 
that 
determines 
the 


level 
of 
R F 
carrier 
output. 
Since 
one 
signal 
input 
(pin 
13) 
is also 
internally 
connected 
to the chrominance 


modulators, 
the 
2 kn 
load 
resistor 
at this 
point 
should 
be connected 
to a bias source 
within 
the common-mode 


input 
range 
of the 
video 
modulators. 
However, 
this bias 


source 
is independent 
of 
the 
chrominance 
modulator 
bias 
and 
where 
chrominance 
modulation 
is not 
used, 


the 
2 kn 
resistor 
is eliminated 
and 
the 
bias 
source 
con- 
nected 
directly 
to pin 
13. 


To preserve 
the dc content 
of the video 
signal, 
amplitude 


modulation 
of 
the 
R F carrier 
is done 
in one 
direction 
only, 
with 
increasing 
video 
(toward 
peak 
white) 
decreasing 
the 
carrier 
level. 
This 
means 
the 
active 
com- 


posite 
video 
signal 
at pin 
12 must 
be offset 
with 
respect 


to 
pin 
13 and 
the 
sync 
pulse 
should 
produce 
the 
largest 
offset 
(i.e., 
the 
offset 
voltage 
of pin 
12 with 
respect 
to 
pin 
13 should 
have the same 
polarity 
as the sync 
pulses). 


The 
largest 
video 
signal 
(peak 
white) 
should 
not 
be 
able 
to 
suppress 
the 
carrier 
completely, 
particularly 
if 
sound 
transmission 
is needed. 
For example, 
a signal 
with 


1V 
sync 
amplitude 
and 
2.5V 
peak 
white 
(3.5 
Vp-p 
- 


negative 
polarity 
sync) 
and 
a black 
level 
at 5 Vdc 
will 
require 
a de 
bias 
of 
8V 
on 
pin 
13 for 
correct 
modula- 


tion. 
A simple 
way 
of 
obtaining 
the 
required 
offset 
is 


to bias 
pin 
13 at 4 x (sync 
amplitude) 
from 
the 
sync 
tip 


level at pin 
12. 


The LM 1889 is designed to operate over a wide range of 
supply voltages so that 
much of the time it can utilize 
the signal source power supplies. An example of this is 
shown 
in Figure 
2 where the composite 
video 
signal 


from 
a character 
generator 
is modulated 
onto 
an RF 


carrier for display on a conventional 
home TV receiver. 
The 
LM1889 
is biased between 
the -12V 
and +5V 


supplies and pin 13 is put at ground. A 9.1 k.ll resistor 
from 
pin 12 to -12V 
dc offsets the video input signal 


(which 
has sync tips at ground) to establish the proper 
modulation 
depth 
- 
R1/R2 
= VINI12 
x 0.875. This 


design 
is for 
monochrome 
transmission 
and 
features 
an 


extremely 
low external parts count. 


tHROMINANCE 


INPUTS 
, 


(R-Y) 
(8-'1') 


0.01 ~f 
":" 
IT 
" 


':" 
Cl 
LMI889 


XTAL 
fD 


18 
17 


C2 
" 


R3 


~43PF 
'-]2,' ":" 
" 


" 


":" 


AUOI0o---U 


INPUT 


":" 


Utilizing 
a DC clamp will make matching the LM 1889 to 
available 
signal 
generator 
outputs 
a simple 
process. 
Figure 
3 shows the LM1889 
configured 
to accept the 
composite 
video 
patterns 
available 
from 
a Tektronix 


Type 144 generator that 
has black level at ground and 


negative polarity 
syncs. In this application, 
the chroma 
oscillator 
amplifier 
is used to provide a gain of two. The 


100k pot 
adjusts the overall 
DC level of the amplified 
signal which determines the modulation 
depth of the RF 
output. 
Clamping the input 
requires a minimum 
of DC 
correction 
to obtain 
the correct 
DC output 
level. This 
allows the adjustment 
to be a high impedance that will 


have minimum 
effect on the amplifier 
closed loop gain. 
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~National 
~ 
Semiconductor 


LM2808 Monolithic TV Sound System 


The 
LM2BOB 
2W 
sound 
IF 
circuit 
is designed 
for 
television 
and related applications. 
The circuit 
is com- 


prised 
of 
2 
independent 
functions: 
a sound 
IF and 
an audio power amplifier. 
An improved volume control 


circuit 
is included, 
however, so that recovered audio is a 
linear 
function 
of 
the 
resistance of 
the 
control 
po· 
tentiometer. 
Audio 
power amplification 
is accomplished 


with 
circuitry 
similar 
to 
the 
popular 
LM3BO audio 


power amplifier, 
featuring both short circuit 
and thermal 


protection. 


• 
Minimum 
undistorted 
output 
LM2BOB - 
O.5W 


• 
Linear volume control 
- 
75 dB range 


• 
Fixed voltage gain in audio amplifier 


• 
Short circuit 
and thermal protection 


• 
Standard dual-in-line package 
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I emperature 


Lead Temperature 
(Soldering, 
10 seconds) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Po@ 
10% THD 


LM2aOa 
VCC = 16V, RL = an 
2.6 
W 


VCC = 14V, RL = an 
1.9 
W 


VCC = 12V, RL = an 
1.3 
W 


Feedthrough 
Signal (Pin 11 
R Pin 7 = on 
15 
mVrms 


Current 
into Pin 6 
V Pin 6 = 10V 
7 
10.a 
15 
mA 


AM Rejection 
VIN = 10 mVrms, 
40 
dB 


Lif = 25 kHz, AM = 30% 


Recovered Audio 
(Pin a) 
350 
500 
mVrms 


Input 
Limiting 
Voltage at 4.5 MHz 
200 
400 
IlV 


Audio 
Power Amp Voltage Gain 
40 
60 
V/V 


(Pin 16 to Pin 1) 


Output 
Noise, Input Signal Removed 
R Pin 7 = on 
70 
150 
mVrms 


(Pin 1) 


Distortion 
(Pin a) 
LiF = 25 kHz, fo = 4.5 MHz 
1.2 
2 
% 


Distortion 
(Pin 1) 


LM2aOa 
Po = 0.5W, RL = an 
1.2 
2 
% 


Input 
Impedance (Pin 16) 
50 
200 
kn 


Current 
into Pin 2 (Zero Audio Output 
V2 = 24V 
2 
5 
20 
mA 


at Pin 1) 
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~National 
~ 
Semiconductor 


LM3064 Television Automatic Fine Tuning 
GeneralDescription 
Features 


The 
LM3064 
is a monolithic 
integrated 
circuit 
designed primarily for AFT (automatic fine tuning) 
applications. 
It includes a zener regulated power 


supply. 
IF amp. differential 
peak detector. 
and 


an AGC circuit. 


• 
Primarily 
intended for AFT applications 


• 
High gain input amp (18 mV for rated output) 


The LM3064 
is supplied in both the formed and 


straight lead 14-lead dual-in-line package. 


• 
Differential 
output correction voltage 


• 
Wide operating temperature _40°C to +85°C 


• 
Formed leads available for easy PC board design 


·•..·T ~. 


:r 


Order Number 
LM3064N 


See NS Package N14A 


Order 
Number 
LM3064N-Ql 


See NS Package N 14C 


DC paramtter test circuit tests: 


-Tot.r 
dtvice dissipation. 
·Zenetfegulltingvoltl!lf'. 
-Quiescent 
oper.ting 
current. 


-Quiescent 
cunenl 
into pin 2. 


Absolute 
Maximum 
Ratings 


Power Dissipation (Note 1) 
715 mW 
Operating 
Temperature 
Range 
-40 


QC 
to +85°C 
Storage 
Temperature 
Range 
-6SoC 
to +150°C 
Power 
Supply 
Current 
50 mA 


Electrical Characteristics 
(T A = 25°C) 


TEST 
CONDITIONS 
LIMITS 
I 
UNITS 
PARAMETER 
SYMBOL 
CIRCUIT 
MIN 
I 
MAX 
I 


STATIC 


Device Dissipation 
PT 
2 
Vcc - 30V; 
Rs - 1.5k 
130 
'50 
mW 


Current 
Drain 
IT 
2 
V,o'" 
10.5V 
4.0 
9.5 
mA 


Zener Regulating 
Voltage 
V,o 
2 
Vcc'" 
30V; 
As'" 
1.5k 
10.9 
12.8 
V 


QUIescent Current 
I, 
2 
Vcc'" 
30V; 
As '" 1.5k 
1 
4 
mA 
into Pin 2 


Quiescent Voltage 
V. 
1 
Vcc'" 
30V; 
Rs = l.Sk 
5.0 
8.0 
V 
at Pin 4 


Quiescent Voltage 
Vs 
1 
Vcc'" 
30V; 
As,= 
1.5k 
5.0 
8.0 
V 
at Pin 5 


Output 
Offset 
Voltage 
V.-Vs 
1 
Vcc 
= 30V; 
Rs = 1.5k 
-1.0 
+1.0 
V 
between 
Pins 4 & 5 


DYNAMIC 
- 
Output 
Voltage 
vs Frequency 
Deviation 
AFT 


Correction 
Voltage 


as Shown 
Below 


Correction 
Control 
Vcc'" 
30V; As = 1.5k 
"of 
"01 


Voltage at Pin 4 
V,'" 
1SmV 
V,o 
V,o 


V. 
1 
f '" 45.75 - .03 MHz 
85 
V 


V. 
1 
f'" 
45.75'" 
.03 MHz 
25 
V 


V. 
I 
f'" 
45.75 -.9 
MHz 
80 
V 


V. 
1 
f '""'45 75+ 
.9MHz 
35 
V 


V. 
1 
f'" 
45.75 - 
1.5 MHz 
80 
V 


V. 
I 
f'" 
45.75 + 1.5 MHz 
35 
V 


Correction 
Control 
Vs 
I 
f'" 
45.75 - .03 MHz 
25 
V 
Voltage 
at Pin 5 
Vs 
1 
f '" 45.75 + .03 MHz 
85 
V 
See Curves 
Vs 
1 
f '" 45.75 -.9 
MHz 
35 
V 


Vs 
1 
1 
45.75 +.9 MHz 
80 
V 


Vs 
1 
f '" 45.75 - 1.5 MHz 
35 
V 


Vs 
1 
1 
4575 
+ 1,5 MHz 
80 
V 


Note 
1: 
For 
operation 
in ambient 
temperatures 
above 
25°C, 
the 
device 
must 
be derated 
based 
on a 150°C 
maximum 
junction 
temperature 
and a thermal 
resistance 
of 175°C/W 
junction 
to ambient. 
Correction 
Control 
Voltage 


cOAA!c1tO~COAAHflO~ 
COAAHTIOII 
COAAECTIO~ 
t~07A;VOl~:~ 
COIITAOlYOlUGE 
cOIITA~~~oIT 
nO;~~lUCE 
12.5 
fl" 
12.5 


~ 
10.0 
~ 
10.0 
1M 
I 
~ 


~ 7.5 
.i51~" 
~ 7.5 
I 
.'Oy'IO 
~ 
·'~/I" 
§ 
5.0 
.25,~'1 
§ 
5.0 


2.5 
'1"-1 
'.5 


0 
I 
0 


-0.030 
-0.020 
+0.010 
+0.030 
-2.0 
-1.0 
45.150 
1.0 
'.0 


-0.010 
45.150 
+0.020 
INPUT FREOUENCY 
DEVIATION 
(MHz) 
INPUT FREOUENCY 
DEVIATION 
(MHd 


Coil Winding 
Data 


COil 
DATA 
FOR DISCRIMINATOR 
WINDINGS 
Note 
1: 
Coil Forms; 
Cylindrical; 
-0.30" 
dia. max. 
II - Discriminator 
Primary: 
3-1/6 
turns; 
No. 20 
Note 
2: 
Tuning 
Core; 
0.250" 
dia. 
x 0.37" 
length. 
Enamel·covered 
wire-close· 
wound, 
at 
bono""'! 
of 
Material: 
Carbinal 
J or equivalent. 


coil 
form. 
Inductance 
of II '"0.165I-1H; 
Co '" 120 
Note 
3: Coil Form 
Base: See drawing 
below. 
at 10 = 45.75 
MHz. 


Start 
winding 
at 
Terminal 
No. 
6; 
finish 
at Ter· 
Note 
4: 
End of coil nearest 
terminal 
board 
to be 


minal 
No. 
1. See Noles 
below. 
designated 
the winding 
start 
end. 


l2 - Tertiary 
Windings: 
2-1/6 
turns; 
No. 
20 
k=~ 


Enamel·covered 
wire-close· 
wound 
over 
bottom 


end of 
l,. 
Start 
winding 
at Terminal 
No.3; 
finish 
at Terminal 
No.4. 
See Notes below. 


L, - Discriminator 
Secondary: 
3-1/2 


l,1salignadtorsymmetlicalbandwidth 
turns; 
r 
'Y-..X 
A 


on eithersideof 45.150MHz. 


center·tapped, 
space wound 
at bottom 
of coil form. 
lztertiarywindingwoundon 
l, 
coil farm. 


Inductance 
of 
l3'" 
0.1BOjJH; 
00 
'" 
150 at fo '" 
\ X 
Y-.. "I'T 
lJ isalignedfor uro differentialoutput 
45.75 
MHz. 
''--=~ 


betvweenterminals4.nd5atfa 
-45.750 MHz. 


Start 
winding 
at 
Terminal 
No.2; 
finish 
at Ter- 


minal 
No.5. 
connect 
center tap to Terminal 
No.7. 
2 
,0- 


See Notes. 
I--TYP 


~National 
~ 
Semiconductor 


The 
TBA440C 
is a 
monolithic 
video 
IF amplifier 
for 
color and monochrome 
television 
receivers. 


The 
circuit 
includes 
three 
IF amplifier 
stages, 
a balanced 
video 
IF detector 
and 
a gated 
AGC 
section 
for the 
IF 
amplifier 
and 
PNP tuner. 


15 
DC FEEDBACK 


14 114 (30 TO 50 mA,lHTERNAll 
Y 


STABILIZED 
TO 6V) 


13 
Vet 
110 TO 15V) 


1% 
POSITIVE 
) 


11 
vtOEO 
OUTPUTS 


NEGATIVE 


10 
AGC DETECTOR 
lIP 


9 
PARAllEL 
CIRCUIT 38.9 MHz 


'NO 


REGULATING 
4 


VOLTAGE 
FitTER 


TUNER 
AGe 
DRIVE 


TUNER 
AGC 
6 


DelAY 
CONTROL 


LINE 
RETURN 
PULSE 
1 


(-2 
TO -5Vpp 
NEGATIVE) 


PARALLEl 
8 


CIRCUITJ8.9MHz 


• 
High gain-high 
stability 


• 
Minimal 
noise 
increase, 
incurred 
by use of AGC 


• 
Minimum 
R F breakthrough 
to video 
outputs 


• 
Fast 
AGC 
action-gating 
largely 
independent 
of pulse 
shape 
and amplitude 


• 
Very 
low intermodulation 
products 


• 
Positive 
and 
negative 
video 
signals 
are 
available 
from 


low 
impedance 
outputs 


• 
Integrated 
temperature 
compensating 
circuit 


10DnF 
D 


IIII 


Absolute 
Maximum 
Ratings 


Supply Voltage 
1SV 


Current 
Into Pin 14 
SOmA 


Power Dissipation 
700 mW 


Maximum 
Resistance Between Pins 8 and 9 
20,Q 


Operating Temperature 
Range 
-2SoC to +70oC 


Storage Temperature 
Range 
-6SoC to +1S0°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Electrical 
Characteristics-l-TA 
= 2SOC, VCC = 13V, 114 = 40 mA, unless otherwise 
specified) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


113 
Current 
Consumption 
V13 = 1SV 
14.S 
17.S 
20.5 
mA 


V14 
Internal 
Supply 
Voltage 
114 = 40 mA, VIN = 0 
5.5 
6.0 
6.8 
V 


V11 
DC Vo Itage at Output 
VIN =0 
5.5 
7 
8.5 
V 


V12 
DC Voltage at Output 
1.7 
3 
4.3 
V 


15 
Control 
Current for Tuner AGC 
(10 dB After 
Beginning of 
3 
mA 


the Tuner AGC, V5 ~ 2V) 


V4 
IF Control 
Voltage for GMAX 
0 
0.5 
V 


V4 
IF Control 
Voltage for GM IN 
2.5 
V 


V7 
Voltage for AGC Gating Input 
-5 
-2 
V 


R10-11 
Resistance for Output 
Voltage 
V11 =3Vp·p 
3 
4 
10 
k,Q 


111,112 
Available 
Output 
Current to 
5 
mA 


Ground 


111,112 
Available 
Output 
Current 
to VCC+ 
-1 
mA 


Z1·16 
Input 
Impedance at GMAX 
1.8/2 
k.Q/pF 


Z1·16 
Input 
Impedance at GMIN 
1.9/0 
k,Q/pF 


VIN 
Input Voltage 
V11 = 2 Vp·p, (Note 1) 
100 
!J.V 


VIN 
Input 
Voltage 
V11 = 3 Vp-p, (Note 
1) 
150 
!J.V 


BVIDEO 
Video 
Bandwidth 
9 
MHz 


GV 
AGC Range 
50 
55 
dB 


Sound/Chroma 
Intermodulation 
(Note 2) 
-40 
dB 


Products 


Note 
1: 
RMS of sync tip voltage, see test circuit. 


Note 
2: 
Sound 
subcarrier-24 
dB 
Color subcarrier-2 
dB 


\ 


~National 
~ 
Semiconductor 


The TBAS10 
is an integrated 
chrominance 
amplifier 
circuit 
for 
color 
TV 
receivers incorporating 
a variable 
gain ACC circuit, 
a dc control 
for chroma saturation 


which 
can be ganged to the receiver contrast control, 


chroma 
blanking 
and burst 
gating functions, 
a burst 
output 
stage, a color killer and a PAL delay line driver. 


15 
CHROMA 
SATURATION 
CONTROL 


14 
CHROMA 
BLANKING 


PULSE 
INPUT 
13 
aURST 
GATE 
INPUT 


12 
COLOR BURST 


OUTPUT 
(EMITTER) 


11 
COLOR 
BURST 
OUTPUT (COllECTOR) 


10 
SCREEN 
(CONNECT 
TO GNDI 


9 
DElAV 
LINE 


DRIVER 
(EMITTER) 


CHROMA SIGNAL 
INPUT 


COLOR KILLER 
S 


SWITCH 
INPUT 


EMITTER 
DECOUPLlHG 
6 


NETWORK 


SCREEN 
7 
(CONNECT TO GNDI 


DELAV 
LINE 
8 
DRIVER (COLLECTOR) 


Power 
Dissipation, 
(T A = 60°C) 


V1-16 


V13-16 


V14-16 


VS-16 


V11-16 


IS =-19 


111 =-112 
Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


550 
mW 


13.2V 


-5V 
--5V 


+20V 


+20V 


20 mA 


20 mA 
-20° 
C to +60° C 


-65°C 
to +150°C 


300°C 


V4-16 


IZ4-16i 


Input 
Voltage 
Range 


Input 
Impedance 


V12-16 


V12-16 


111 


DC Voltage 


Output 
Signal 


Collector 
Current 
of Output 


Transistor 


V9-16 


V9-16 


V2-16 


IZ2-161 


Output 
Signal 
(Color 
Bars) at 


Nominal 
Saturation 
and 
Maximum 


Contrast 


Range 
of Contrast 
and Saturation 


Control 


Collector 
Current 
of Output 


Transistor 


V15-16 
Control 
Voltage 
Range 


IZ15-161 
Input 
Impedance 


V14-16 
Switching 
Level 


IZ14-161 
Input 
Impedance 


UNITS 


mVp-p 


kSl 


7.7 
V 


Vp-p 


4 
mA 


-Im» 
MIN 
TYP 
MAX 
UNITS 
en..•. 
0 


-2.2 
V 


4 
krl 


V13-16 
Switching 
Level 


1213-161 
Input 
Impedance 


Input 
Voltage 
For: 


Color 
"ON" 


Color 
"OFF" 


Signal 
Suppression 
at Color 
"OFF" 


Input 
Impedance 


Note 
1: 
The 
phase 
difference 
between 
the chroma 
and burst 
outputs 
at nominal 
saturation 
is less than 
So. 


Note 2: 
Phase shift of chroma output signal over saturation control range +6 to -10 
dB is lessthan So. 


2. ACC 
control 
potential 
input. 
The 
potential 
required 


at pin 
2 for maximum 
gain is about 
2.5V; 
gain reduction 


occurs 
when 
this potential 
is reduced, 
21N > 50 krl. 


3. ACC gain 
adjustment 
point. 
The 
internal 
ACC circuit 


consists 
of a long-tailed 
pair 
system. 
The 
"cold" 
side of 


the 
pair is internally 
established 
at a dc potential 
of 2.5V 


and 
is brought 
out 
on 
pin 
3. This 
enables 
a decoupling 


capacitor 
to 
be connected. 
A very 
high 
loop 
gain 
in the 


ACC 
system 
is possible 
but 
as 
this 
is not 
necessarily 
desirable, 
because 
of stability 
and 
ripple 
considerations, 


a resistor 
of a suitable 
value 
can 
be connected 
between 


pins 
2 
and 
3 to 
reduce 
the 
control 
sensitivity 
to 
any 
desired 
level. 


4. 
Chroma 
input 
signal. 
The 
input 
voltage 
range 
is 15 to 
300 
mVp-p 
(26 dB) with 
a color 
bar signal. 


5. 
Color 
killer 
switching 
input. 
The 
input 
impedance 
is 


greater 
than 
50 
krl. 
Color 
"ON" 
2.3V; 
color 
"OFF" 
1.9V. 
The 
chroma 
signal 
suppression 
when 
killed 
is 


greater 
than 
50 
dB. 


6. 
Emitter 
decoupling 
network. 
The 
series 
network 
de- 


couples 
an emitter 
of 
an 
amplifier 
stage_ 
The 
value 
of 


resistance 
influences 
the gain of both 
the chroma 
channel 


and the 
burst 
channel. 


7. Screen. 
This 
pin 
must 
be 
connected 
to 
pin 
10 and 


taken 
via a direct 
path 
to earth. 
The 
function 
of this 
is to 
minimize 
crosstalk 
between 
burst 
and 
chroma 
channels. 


8. 
Delay 
line 
driver 
(collector!. 
Supplies 
the 
chroma 


signal 
drive 
to the delay 
line driver 
transformer, 
the cold 


end 
of 
which 
is connected 
to +12V. 
The 
maximum 
per- 
mitted 
voltage 
excursion 
at 
this 
pin 
is to 
20V 
peak. 
Maximum 
ac signal 
current 
swing, 
12 mAp-po 


9. 
Delay 
line 
driver 
(emitter!. 
Supplies 
the 
chroma 
to 
the 
network 
which 
provides 
the 
non-delayed 
signal 
to 
the 
delay 
line output 
transformer. 
The 
emitter 
is estab- 
lished 
internally 
at a potential 
of 6.8 ±1V and the 
external 


network, 
which 
must 
incorporate 
a resistive 
dc path 
to 


earth, 
must 
not 
demand 
more 
than 
20 mA peak 
current. 


11. 
Color 
burst 
output 
(collector!. 
If a low 
impedance 


color 
burst 
is required 
(from 
the 
emitter 
of 
the 
color 
burst 
output, 
pin 
12) 
pin 
11 will 
be connected 
to the 


+12V 
supply. 
The 
maximum 
voltage 
and 
current 
excur- 


sions permitted 
on pin 11 are 20V 
peak 
and 20 mA peak. 


12. 
Color 
burst 
output 
(emitter!. 
An 
external 
load 


resistor 
of 
2 krl 
is required, 
connected 
to earth, 
and 
a 


dc potential 
of 7.7V 
is established 
on 
pin 
11 due to the 


internal 
circuitry. 
The 
burst 
output 
voltage 
is 1 Vp-p 
±1 dB over 
the 
chroma 
input 
signal 
range 
of amplitudes. 


13. 
Burst 
gate 
gating 
pulse. 
A pulse 
derived 
from 
the 


horizontal 
flyback 
pulse 
can be used 
as a source 
of gating 


waveform. 
A negative-going 
pulse 
of not greater 
than 
5V 
amplitude 
is necessary, 
the 
input 
impedance 
is 4 krl 


and 
the 
switching 
is about 
-2.2V. 


14. 
Chroma 
blanking 
pulse 
input. 
A negative-going 
hor- 


izontal 
flyback 
pulse 
can 
be 
used 
here. 
Its 
amplitude 


should 
not 
exceed 
5V. The 
input 
impedance 
at this 
pin is 


2 krl 
and 
the 
switching 
level 
is about 
-1.0V. 
This 
pulse 


is 
used 
to 
blank 
the 
burst 
output 
from 
the 
chroma 


channel. 


15. 
Chroma 
saturation 
control. 
The 
dc control 
voltage 


range 
required 
is from 
1.5-4.5V 
(highest 
gain at -4.5V). 


The 
input 
impedance 
is greater 
than 
50k 
and 
a control 
range 
of from 
+6 to -30 
dB is given. 


(a) 
The 
phase 
difference 
between 
the chroma 
~nd burst 


outputs 
at nominal 
saturation 
IS less than 
5 . 


(b) 
Phase 
shift 
of chroma 
output 
signal 
over 
saturation 
control 
range 
+6 to -10 
dB is less than 
5°. 
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~National 
~ 
Semiconductor 


TBA530 RGB Matrix Preamplifier 


General Description 


The TBA530 is an integrated circuit for color TV receivers 
incorporating 
a matrix preamplifier for R-G-B cathode or 
grid drive of the picture tube without 
clamping circuits. 


It has been designed to be driven from the TBA990 
or 


TBA520 
synchronous demodulator 
circuits 
and exhibits 


excellent channel matching and stability. 


OUTPUT 
LOAD 
1 
RESISTOR (BLUE SIGNAL) 


-(B-V) 
INPUT 
SIGNAL 
" 
BlUE 
SIGNAL 
OUTPUT 


1S 
BLUE CHANNEl 
FEEDBACK 


14 
OUTPUT 
lOAD 
RESISTOR 


(GREENSIGNALI 


13 
GREEN 
SIGNAL 
OUTPUT 


12 
GREEN 
CHANNel 
FEEDBACK 


11 
OUTPUT 
LOAD 
RESISTOR 


(REO 
SIGNAL) 


10 
REO 
SIGNAL 
OUTPUT 


9 
REO CHANNEl 


FEEDBACK 


-lR-V) 
INPUT 
SIGNAL 


LUMINANCE 
5 


SIGNAL 
INPUT 


GNO 


Note t 
DC output lJohagesR, G and B are typically 
140V in this circuit. 


Not.2: 
The voltage 
gain between 
pins 2, 3,4 
and collectors 
(BF336) 
is typically 
100. 


Note 3: 
The normal 
bias voltage on pins " 
1', 
14 is 8V. 


NOt84: 
Pin 7 requires a4.7 nF decouplingcapacitor. 


Note 5: 
DC bias level shift, provided 
by internal zeners between pins 1·16. 14-13 and 11-10. requires 
10 nF bypass capacitors 
for H.F. 


IIII 


VS·6 


11.111.114 


110.113.116 
Power Dissipation 
(T A = 60°C) 
Operating Temperature 
Range 
Storage Temperature 
Range 
Lead Temperature 
(Soldering. 
10 seconds) 


13.2V 


10mA 
50 mA 
400 mW 


-20°C 
to +60°C 
-65°C 
to +150°C 


300°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Ratio of Gain of Luminance 
As Measured in Appl ication 
0.9 
1.1 


Amplifier 
to Color Amplifiers 
Circuit 


R2-6 
Input 
Resistance of Color 
1 kHz 
60 
kr1 


R3-6 
Difference 
Amplifiers 
60 
kr1 


R4-6 
60 
kr1 


C2-6 
Input Capacitance of Color 
1 MHz 
3 
pF 


C3·6 
Difference 
Ampl ifiers 
3 
pF 


C4·6 
3 
pF 


R5-6 
Input 
Resistance of Luminance 
1 kHz 
20 
kr1 


Amplifier 


C5-6 
Input 
Capacitance of Luminance 
1 MHz 
10 
pF 


Amplifier 


B 
Bandwidth 
of all Channels 
3dB 
6 
MHz 


IS 
Total Current 
Drain 
30 
mA 


17 
Bias Current 
2.5 
mA 


The 
function 
is quoted 
against 
the 
corresponding 
pin 


number. 


1. Output 
load 
resistor, 
blue 
signal. 
(Also 
pins 
11 and 


14 
for 
red 
and 
green 
signals 
respectively.) 
Resistors 
(47 
k.l1, 1W) connected 
to +200V 
provide 
the 
high value 
loads 
for 
the 
internal 
amplifying 
stages. 
The 
nominal 


operating 
potential 
on 
these 
pins 
is defined 
by 
the 
IC 


and 
dc 
feedback 
and 
is approximately 
+8V. 
The 
maxi- 
mum 
current 
which 
can 
be 
allowed 
at 
each 
of 
these 
pins 
is 10 
mA. 


2. -(B- V) 
input 
signal. 
This 
signal 
is fed 
via a low-pass 
filter 
from 
the 
TBA520 
demodulator 
IC (pin 
7) having 


a dc level of about 
+7.5V. 
The 
input 
resistance 
for this 
pin 
is typically 
60 k.l1 with 
an input 
capacitance 
of less 
than 
5 pF (similarly 
for pins 3 and 4). 


3. -(G-V) 
input 
signal. 
The 
dc black 
level of this 
signal 


is about 
+7.5V. 
(See pin 2.) 


4. -(R-V) 
input 
signal. 
The dc black 
level of this signal 
is 
about 
+7.5V. 
(See pin 2.) 


5. 
Luminance 
signal 
input. 
The 
dc 
level on 
this 
pin 
for 
picture 
black 
is +1.6V. 
The 
required 
signal 
amplitude 
is 
1V black-to·white 
with 
negative-going 
syncs 
(or blanking) 
for 
cathode 
drive 
as shown. 
The 
input 
resistance 
at this 
pin 
is 20 
k.l1 approximately 
with 
a capacitance 
of less 
than 
15 pF. 


7. 
Current 
feed 
point. 
A current 
of approximately 
2.5 


mA 
is required 
at this 
pin, fed via a 3.9 k.l1 resistor 
from 


+12V, 
to 
bias 
the 
internal 
differential 
amplifiers. 
A de- 
coupling 
capacitor 
of 4.7 
nF 
is necessary. 


8. 
Positive 
12V 
supply. 
Maximum 
supply 
voltage 
per- 
mitted, 
13.2V. 
Current 
consumption 
approximately 
30 mA. 


9. 
Red 
channel 
feedback 
(green 
channel, 
pin 
12; 
blue 


channel, 
pin 
15). 
The 
dc 
working 
points 
and 
gains 
of 
both 
the 
output 
stages 
and 
the 
IC ampl ifier 
stages 
are 
stabilized 
by 
the 
feedback 
circuits. 
The 
black 
level po- 
tentials 
at 
the 
collectors 
of 
the 
output 
stages 
(tube 
cut-off) 
are adjusted 
by setting 
correctly 
the dc levels of 


the 
color 
difference 
signals 
produced 
by 
the 
TBA520 


demodulator 
IC. The 
gains 
of 
the 
R-G-B output 
stages 
are 
adjusted 
to 
give the 
correct 
white 
points 
setting 
on 
the 
picture 
tube 
by 
adjusting 
the 
potentiometers 
in the 
feedback 
paths 
(VR 1, VR2). 
(See 
notes 
on 
setting 
up 
decoder.) 


10. 
Red 
signal 
output 
(green 
and blue signal 
outputs 
on 


13 
and 
16). 
These 
pins 
are 
internally 
connected 
with 


pins 
11, 14 and 
1 respectively 
via zener 
type 
junctions 
to 


give 
a dc 
level 
shift 
appropriate 
for 
driving 
the 
output 
transistor 
bases 
directly. 
To 
bypass 
the 
zener 
junctions 


at h.f. three 
10 nF capacitors 
are required. 


Note 1: 
Careful attention 
to earth paths should be given, avoid- 
ing common 
impedances between the input (decoder) side and 
the output 
stages. Also, to enable matched 
performance 
to be 
achieved, 
a symmetrical 
board and component 
layout 
should be 
adopted 
for 
the 
three 
output 
stages. To 
compensate 
for 
the 
effect 
upon h.t. 
response of inevitable differences 
the compen- 
sating capacitors Cl and C2 and C3 may be appropriately 
selected 
for any given board layout. 


Note 2: 
The 
signal black level at the collectors 
of the 
R·G·B 
output 
stages depends upon the +12V 
supply, the de level of the 
color 
difference 
signals from 
the TBA520 
demodulator 
IC and 
the black level potential 
of 
the luminance signal applied to the 


TBA530 
matrix 
IC. The de levels of the signals produced 
and 
handled by the IC's are designed to have approximately 
propor- 
tional tracking with the 12V supply potential, 


To ensure that changes in picture black level due to variations on 
the 
12V 
supply to the 
IC's occur in a predictable 
way, all the 


Ie's 
should 
be operated 
from 
a common 
supply 
line. This is 
specially important 
for the TBA520 
and TBA530. 
Furthermore, 


to limit 
the changes in picture black level during receiver opera- 
tion, 
the 
12V 
supply should have a stability 
of not worse than 


±3% due to operational 
variations. 


Note 3: 
To 
reduce the possibility 
of patterning 
on the picture 
due to radiation 
of the harmonics of the products of the demod- 


ulation 
process, the leads carrying the drive signals to the picture 
tube should be as short as the receiver layout will allow. 
Resistors 
(typically 
1k 5n) 
connected in series with the leads and mounted 
close to the collectors 
of the output 
transistors provide useful 
additional 
filtering of harmonics. 
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TBA540 Reference 
m in ion 


The TBA540 is an integrated 'color 
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REFERENCE INpUT 


COLOR 
1 
KillER 
OUTPUT 


PAlHIP.flOp 
B 
SQUARE WAVE INpUT 


Quad-in-Line 
Package, Order Number 
TBA540Q 


See NS Package N16C 


Typical Application 


HI21NPUT 


ITBA120/9901 


L" 


4 
5 
1 
B 


18AS40 


-t 
Absolute 
Maximum 
Ratings 
to 


V3-16 
13_2V 
Storage Temperature Range 
-65°C 
to +150°C 
» 


Power Dissipation (TA = 60°C) 
780 mW 
Lead Temperature (Soldering, 10 seconds) 
300°C 
C11 


Operating Temperature 
Range 
-20°C to +60°C 
8 


Electrical 
Characteristics 
(V3-16 = 12V, TA = 25°e as measured in typical application 
circuit) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Signals 


V4-16 
B-Y ReferenceSignalOutput 
1 
1.4 
2 
Vp-p 


V7-16 
Color Killer Output 


Color "ON" 
12 
V 


Color "OFF" 
100 
250 
mV 


V9-16 
ACC Output Signal Range 


At Correct Phaseof PAL Switch 
4to 0.2 
V 


At Incorrect Phaseof PAL 
4to 11 
V 


Switch 


Oscillator Section (Amplifier) 


R15-16 
I nput Resistance 
3.5 
kfl 


C15-16 
Input Capacitance 
5 
pF 


G15-1 
Voltage Gain 
4.7 


Reactance 
Control 
Section 


G15-2 
Voltage Gain With Pins 13 and 
1.3 


14 Shorted 


lIG15-2 
Rateof Changeof Gain G15-2 
5 
rad-1 
--- 
With 
Phase Difference 
Between 
lI¢5-4 


Burst and Reference 
Signal 


Burst 
Input 


R5-16 
Input 
Resistance 
1 
kfl 


Burst Input Level 
0.7 
1.5 
Vp-p 


Flip-Flop Input 


VB-16 
Voltage 
2.5 
Vp-p 


RB-16 
Resistance 
3.3 
kfl 


PhaseLock Loop 


Oscillator 
Phase Error 
for a Burst 
Crystal Frequency 1400Hz 
±10 
DEG 
Signal 


Holding Range 
±600 
Hz 
Pull-in Range 
±300 
Hz 


Temperature Coefficient 
of 
2 
HztC 


Oscillator 


A dc connection 
between pins 4 and 6 is necessary via 
the 
bifilar 
coupling 
inductor_ The function 
of this in- 
ductor isto produce, on pin 6, a signal of equal amplitude 
and opposite phase (B-Y) to that on pin 4. A center tap 
on the inductor, 
connected to earth via a dc blocking 


capacitor, is therefore necessary. 


balancing network. 
The 270n 
resistor may be modified 
according to the nature of the noise that appears at pin 5. 


(a) 
Remove burst signal. 


(b) 
Short-circuit 
pins 13-14. Adjust oscillator to correct 


frequency by e 1. 


(c) 
Set the ACe level adjustment 
RV1, to give +4V on 
pin 9. Remove short circuit. 


(d) 
Apply burst signal. 


(e) 
Adjust ACe gain, RV2, to give a burst amplitude of 
1.5Vp-p on pin 5. 


Pins 13 and 
14 are connected 
to 
opposite 
sides of a 


differential 
amplifier 
circuit 
and are brought out for the 
purpose of dc balancing of the reactance stage and the 
connection of the bandwidth-determining 
filter network. 


Two 
2% tolerance 
10k resistors with 
the addition 
of a 
270n 
resistor at pin 13 are used in place of the previous 


energy 
from 
this 
pin. 
The 
output 
impedance 
is approxi- 
mately 
2 k£2 in parallel 
with 
5 pF. 


2. 
Reactance 
control 
stage 
feedback. 
This 
pin 
is fed 
internally 
with 
a sinewave 
derived 
from 
the 
reference 
output 
(pin 4) and controlled 
in amplitude 
by the 
internal 
reactance 
control 
circuit. 
The 
phase 
of 
the 
feedback 
from 
pin 
2 to the 
crystal 
via Cl 
is such that 
the value of 
Cl 
is effectively 
increased. 
Pin 2 is held 
internally 
at a 
very 
low 
impedance, 
therefore 
the 
tuning 
of the 
crystal 
is controlled 
automatically 
by the amplitude 
of the feed- 


back 
waveform 
and 
its 
influence 
on the 
effective 
value 


of Cl. 


3. 
Positive 
12V 
supply, 
The 
maximum 
voltage 
must 
not 


exceed 
13.2V. 


4. 
Reference 
waveform 
output. 
This 
pin 
is driven 
in- 
ternally 
by 
the 
regenerated 
subcarrier 
waveform 
in 
B-Y phase. 
(The 
output 
is in B-Y rather 
than 
R-Y phase 


as the 
burst 
phase 
network 
produces 
a lag of 90° of the 
burst 
applied 
to pin 5). An output 
amplitude 
of nominally 
l.4Vp-p 
is produced 
at 
low 
impedance. 
No 
dc 
load 
to 


earth 
is required. 
A dc connection 
between 
pins 4 and 6 
is, however, 
necessary 
via the 
bifilar 
coupling 
inductor. 


The 
function 
of this 
inductor 
is to 
produce, 
on pin 6, a 


signal 
of 
equal 
amplitude 
and 
opposite 
phase 
(-(B-Y)) 


to 
that 
on 
pin 
4. 
A center 
tap 
on 
the 
inductor, 
con- 
nected 
to earth 
via a dc blocking 
capacitor, 
is therefore 
necessary. 


5. 
Burst 
waveform 
input. 
A burst 
waveform 
ampl itude 


of 
1.5Vp-p 
is required 
to 
be ac-coupled 
to th is pin. The 


amplitude 
of 
the 
burst 
will 
normally 
be 
controlled 
by 
the 
adjustment 
and 
operation 
of 
the 
ACC 
circuit. 
The 
input 
impedance 
at this 
pin is approximately 
1 k£2 and a 
threshold 
level 
of 
0.7V 
must 
be 
exceeded 
before 
the 
burst 
signal 
becomes 
effective. 
A dc bias of 400 
mV 
is 
internally 
derived 
for 
pin 5. 


The 
absolute 
level 
of 
the 
tip 
of the 
burst 
at pin 
5 will 
normally 
reach 
1.5V 
(1.5Vp-p 
burst 
amplitude). 


6. 
Reference 
waveform 
input. 
This 
pin 
requires 
a ref- 


erence 
waveform 
in the -(B-Y) 
phase, 
derived 
from 
pin 4 


via a bifilar 
transformer 
(see pin 4). to drive 
the 
internal 
balanced 
reactance 
control 
stage. 
A dc 
connection 
be- 
tween 
pins 4 and 6 must 
be made 
via the transformer. 


7. 
Color 
killer 
output. 
This 
pin 
is 
driven 
from 
the 


collector 
of an internal 
switching 
transistor 
and requires 


an external 
load 
resistor 
(typically 
10 k£2) connected 
to 
+12V. 
The 
unkilled 
and killed voltages 
on this pin are then 


pin 
9 over 
which 
switching 
of the color 
killed 
output 
on 
pin 7 occurs 
is nominally 
+2.5V.) 


8. 
PAL 
flip-flop 
square 
wave 
input. 
A 
2.5Vp-p 
square 
wave 
derived 
from 
the 
PAL 
flip-flop 
(in the TBA520 
or 
TBA990 
demodulator 
IC) 
is required 
at 
this 
pin, 
ac· 


coupled 
via a capacitor. 
The 
input 
impedance 
is about 


3.3 k£2. 


9. 
ACC 
output. 
An 
emitter 
follower 
provides 
a 
low 
impedance 
output 
potential 
which 
is negative·going 
with 
a rising 
burst 
input 
amplitude. 
With 
zero 
burst 
input 
signal 
the 
dc 
potential 
produced 
at 
pin 
9 
is set 
to 
be 


+4V 
(RV1). 
The 
appearance 
of 
a burst 
signal 
on 
pin 5 
will 
cause 
the 
potential 
on 
pin 
9 to 
go 
in a negative 
direction 
in the 
event 
that 
the 
PAL flip·flop 
is identified 
to 
be 
in the 
correct 
phase. 
The 
range 
of potential 
over 
which 
full 
ACC 
control 
is exercised 
at 
pin 
9 is deter- 


mined 
by the control 
characteristic 
of the 
ACC amplifier, 
i.e., 
for 
the 
TBA560 
from 
0.8 
to 
1V. The 
potential 
on 
pin 
9 will 
fall 
to 
a value 
within 
this 
range 
as the 
burst 
input 
signal 
is stabilized 
to 
an 
amplitude 
of 
1.5Vp-p. 


The 
latter 
condition 
is achieved 
by 
correct 
adjustment 
of 
RV2. 
If, 
however, 
the 
PAL 
flip-flop 
phase 
is wrong 
the 
potential 
on pin 9 will move 
positively. 
The 
potential 
divider 
R5, 
R6 will 
then 
operate 
a PAL 
switch 
cut-off 
function 
in the 
TBA520 
demodulator 
IC. 


10. 
ACC level 
setting. 
The 
network 
connected 
between 
pins 
10 
and 
12 
balances 
the 
ACC 
circuit 
and 
RV1 
is 
adjusted 
to give +4V 
on pin 9 with 
no burst 
input 
signal 
to pin 5. C5 provides 
filtering. 


11. 
ACC gain control. 
RV2 is adjusted 
to give the correct 
amplitude 
of burst 
signal 
on pin 5 (1.5 Vp-p) 
under 
ACC 
control. 


14. 
DC 
control 
points 
in reference 
control 
loop. 
Pins 


13 and 
14 are connected 
to opposite 
sides of a differen- 


tial 
amplifier 
circuit 
and are brought 
out 
for the 
purpose 
of dc balancing 
of the 
reactance 
stage 
and the 
connection 
of 
the 
bandwidth·determining 
filter 
network. 
Two 
2% 


tolerance 
10k 
resistors 
with 
the 
addition 
of 
a 270£2 


resistor 
at 
pin 
13 
are 
used 
in 
place 
of 
the 
previous 


balancing 
network. 
The 
270£2 
resistor 
may 
be 
modified 
according 
to the nature 
of the 
noise 
that 
appears 
at pin 5. 


The 
filter 
network 
consists 
of 
R2, 
C2, C3 and 
C4. The 


de potentials 
on these 
pins 
are nominally 
+6V. 
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TBA560C Luminance and Chrominance Control 
Combination 
General 
Description 


The TBA560C 
is an integrated circuit for processing and 


controlling 
luminance 
and chrominance 
signals in PAL 


TV receivers. 


The luminance amplifier 
comprises: 


• 
DC contrast 
control 


• 
Brightness control 


• 
Black level clamping 


• 
Blanking of flyback 


• 
Input 
matched to the luminance delay line 


• 
Gain-controlled 
amplifier 


• 
DC chroma gain control 
tracked with contrast control 


• 
Separate dc saturation control 


• 
PAL delay line driver 


• 
Burst gate 


• 
Color killer 


• 
Chroma signal fly back blanking 


BALANCE 
1 
tHROMAIN'UT 


OCCONTUSTCOHTROl 
1~ 
BALANCED 
CHROMA 
1I1~'UT 


14 •.((INPut 


1] 
CHROMA 
$ATURAlIOHCONTROl 


12 OC fH08ACll 
FOR 
CHROMACHlNNEl 


111l'lPOStTI'lESU"lY 


IOIURSTUHAND 
ClAMPING 
PULSE 
INPUT 


9 
CHFIOMAOUTPUT 


8LACKLEVEl 
A 
CLAMPCAPAcnOR 


LUMIHANCEOUTPUT 


COMPOSITE 
VIDEO 
INPUTFAOM 
TeAll' 


Absolute Maximum Ratings (Note 1) 


Vll-16 
13.2V 
IQ 
-10mA 


V8-16 Min. 
-5V 
Continuous 
Total Power Dissipation 
550 mW 


V10-16 Min. 
-5V 
Operating 
Free Air Temperature 
Range 
-20°C 
to +60°C 


V12-16 
-5V 
to +6V 
Storage Temperature 
Range 
-65°C 
to +150°C 


V13-16 
-3V 
to +6.5V 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


V14-16 Min. 
-5V 


Electrical Characteristics 
with V11-16 = 12V, TA = 25°C (as measured in typical 
application 
circuit) 


PARAMETFR 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vl·15 
Chrominance 
I nput Signal 
Range 
4 
BO 
mVp'p 


(Value of Color BarsWith 75% 


Saturation) 


13 
Luminance 
I nput 
Current 
0.5 
1.5 
mAp-p 


Black to White 


V2·t6 
Contrast 
Control 
Characteristic 
Full Gain 
5.6 
V 


6 dB Attenuation 
3.7 
V 


20 dB Attenuation 
2.0 
V 


(Note 2) 


V6·16 
BrightnessControl Voltage for 
(Note 3) 
1.3 
V 


Black Level of 1.5V at Pin 5 


VB·16 
Flyback Blanking Pulses 


VB·16 
For OV Blanking Levelat Pin 5 
0 
-{).5 
-1 
Vp'P 


For 1.5V Blanking Level at Pin 5 
-2 
-2.5 
-3 
Vp·p 


V13·t6 
Saturation 
Control 
Characteristic 
Full Gain 
6.2 
V 


6 dB Attenuation 
4.4 
V 


20 dB Attenuation 
2.7 
V 


(Note 2) 


ItO 
Burst Gating Pulse 
0.05 
1 
mAp'p 


V13·16 
Color Killer 
0.5 
1 
V 


Automatic 
Chrominance 
Control 


V14-16 
Voltage 
for Maximum 
Gain 
1.2 
V 


Voltage 
for Minimum 
Gain 
0.5 
V 


Gain 
Reduction 
26 
dB 


Input Resistance 
50 
kl1 


V5·16 
Luminance Output Voltage (Black· 
(Note 2) 
1 
3 
Vp·p 


White) at Nominal Contrast and 


I nput 
Current 
as above 


Black Level Shift Due to Changes 
100 
mV 


of Contrast and Video Content at 


Constant Brightness Setting 


V7·16 
Burst Output 
1 
Vp·p 


V9·16 
Chrominance 
Output 
at Nominal 
(Note 2) 
1 
Vp'P 


Contrast and Saturation 


3 dB Bandwidth of Chrominance 
5 
MHz 


and Luminance 
Amplifier 


Matching 
of Luminance 
to 
2 
dB 


Chrominance 
Ratio 
at 10 dB 


Contrast 
Control 


Note 1: V2·16 and V13-16 must alwaysbe lower than Vl1·16. 
Note 2: 
Typical 
or nominal 
contrast 
or saturation 
= maximum 
value -6 
dB. Thus the control 
is +6 to -14 
dB on the nominal. 


Note 3: 
When V6-16 
is increased above 1.7V 
the black 
level of the output 
signal remains at 2.7V. 


1. Balanced chroma 
signal input 
(in conjunction 
with 
pin 15). This is derived from the chroma signal bandpass 
filter. 
designed to provide a push·pull 
input. 
An input 
signal amplitude 
of at least 4 mVp-p is required between 
pins 1and 15. Both pins require a dc potential 
of approx- 
imately +3.0V. This is derived as a common mode signal 
from 
a network 
connected to pin 7 (burst output). 
In 
this way dc feedback is provided over the burst channel 
to stabilize its operation. All figures for the chrominance 
signal are based on a color 
bar signal with 
75% satura· 
tion; i.e., burst-to-chroma 
ratio of input signal is 1:2. 


8. Flyback 
blanking 
input 
waveform. 
Negative-going 
horizontal 
and vertical 
blanking 
pulses may be applied 
here. If rectangular blanking 
pulses of not greater than 
-1 V negative excursion, or dc coupled pulses of similar 
amplitude whose negative excursion is at zero volts dc are 
applied, the signal level at the luminance output 
(pin 5) 
during 
blanking 
will 
be OV. However, if the blanking 
pulses applied to pin 8 have an amplitude 
of -2 to -3V 
the signal level at the luminance output during blanking 
will 
be +1.5V. The negative pulse amplitude 
should not 
exceed -5V. 


9. Chroma signal output. 
With 
a 1 Vp'p 
burst output 
signal (pin 
7) and at nominal 
contrast 
and saturation 
setting (pins 2 and 13) the chroma signal output 
ampli- 
tude is 1 Vp-p. An external 
network 
is required which 
provides dc negative feedback in the chroma channel via 
pin 12. 


10. Burst 
gating and clamping 
pulse input. 
A positive 
pulse of not 
less than 50pA 
is required 
on this pin to 
provide gating in the burst channel and luminance channel 
black-level clamp circuit. 
The timing 
and width 
of this 
current 
pulse should 
be such that 
no appreciable 
en- 
croachment 
occurs into 
the sync pulse or picture 
line 
periods during 
normal operation 
of the receiver. 


11. +12V 
LT supply. 
Correct operation 
occurs within 
the 
range 10.8 to 
13.2V. 
All 
signal and control 
levels 
have a linear dependency on supply voltage but, in any 
given receiver design th is range may be restricted 
due 
to considerations of tracking 
between the power supply 
variations 
and picture 
contrast 
and chroma 
levels. The 
power dissipation 
must not 
exceed 550 
mW at 60°C 
ambient 
temperature. 


13. Chroma saturation 
control. 
A control 
range of +6 
to > -14 
dB is provided over a range of dc potential on 
pin 13 from 
6.2 to 2.7V. Color killing 
is also achieved 
at this terminal 
by reducing the dc potential 
to lessthan 
+1 V, e.g., from the TBA540 color killer output 
terminal. 


The minimum 
"kill 
factor" 
is 40 dB. 


14. ACC input. 
A negative-going potential 
gives an ACC 
range of 
about 
26 dB starting at +1.2V. 
From 
1V to 
800 mV the steepest part of the characteristic 
occurs, 


but a small amount 
of gain reduction 
also occurs from 
800 mV to 500 mY. The input resistance is at least 50 kQ. 


2. DC contrast control. 
With +3.7V on this pin, the gain 
in the luminance channel is such that a 0.5 mA black·to· 
white 
input 
signal to 
pin 
3 gives a luminance output 
signal 
amplitude 
on 
pin 
5 of 
1V 
black-to·white. 
A 
variation 
of voltage on pin 2 between +5.6V 
and +2V 
gives a corresponding 
gain variation 
of +6 to > -14 dB. 
A similar variation 
in gain in the chroma channel occurs 
in order to provide the correct tracking between the two 
signals. Beam current 
limiting 
can be applied 
via the 
contrast 
control 
network 
as shown 
in the 
peripheral 
circuit, 
when a separate overwind is available on the line 
output transformer. 


3. Luminance signal input. 
This terminal 
has a very low 
input 
impedance and acts as a current 
sink. The lum- 
inance 
signal from 
the 
delay 
line is fed 
via a series 
terminating 
resistor 
and 
a dc blocking 
capacitor 
and 
requires to 
be about 0.5 mAp'p 
amplitude. 
A dc bias 
current 
is required via a 12 kQ resistor to the +12V line. 


5. Luminance 
signal output. 
An emitter 
follower 
pro- 
vides a low impedance output 
signal of 1V black-to-white 
amplitude 
at nominal contrast setting having a nominal 
black level in the range 0 to +2.7V. An external emitter 
load resistor is required, not less than 1 kQ. If a greater 
luminance 
output 
is required 
than 
1V, 
with 
normal 
control 
settings, the input current 
swing at pin 3 should 
be increased in proportion. 


6. Brightness control. Over the range of potential 
+0.9 to 
+1.7V 
the 
black 
level of 
the luminance output 
signal 
(pin 5) is increased from 0 to +2.7V. The output 
signal 
black level remains at +2.7V when the potential 
on pin 6 
is increased above +1.7V. 


7. Burst output. 
A 1 Vp-p burst (controlled 
by the ACC 
system) 
is produced 
here. Also, 
to 
achieve good dc 
stability 
by negative feedback 
in the burst channel the 
dc potential 
at this pin is fed back to pins 1 and 15 via 
the chroma input transformer. 
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~National 
~ 
Semiconductor 


TBA920ITBA920S Line Oscillator Combination 


General 
Description 
The TBA920 is a monolithic 
integrated 
circuit intended 
for 
TV 
receivers 
with 
transistor-thyristor- 
or 
valve 
equipped output stages. 
• 
Loop gain and time constant switching (also for video 
recorder applications) 


• 
Phase 
comparison 
between 
line-flyback 
pulse 
and 
oscillator 
• 
Noise gated sync separator 
• 
Phase comparison 
between 
sync pulse and oscillator 


" 
GN. 


15 
OSCILLATOR 
CURRENT 
CONTROL 


14 
OSCILLATOR 
CAPACITOR 


1J 
BlASDECOUPlINC 


12 
CONTROL 
VOLTAGE 


11 
TIME 
CONSTANT 
ADJUST 


10 SYNCHRONIZATION.DETECTOR 


TIME 
CONSTANT 


NOISE 
GATE 
INPUT 


PHASE 
CONTROL 
INPUT 
Dual-In-Line 
Package, Order Number TBA920 
or TBA920S 
PHAse 
DISCRIMINATOR 
4 


See NS Package 
N1SA 
OUTPUT 


Fl YBACK PULSE INPUT 


SYNC 
PHASE 
6 


COMPARATOR 
INPUT 


SYNC 
SEPARATOR 
1 


OUTPUT 


SYNC 
SEPARATOR 
8 
INPUT 


..i- 


1lJlIDVT 


Absolute Maximum Ratings 


Vl-16 
13.2V 
Operating Temperature 
Range 
-20°C to +60°C 


12 (Mean) 
20 mA 
Storage Temperature 
Range 
-6SoC to +lS0°C 


12 (Peak) 
200 mA 
lead Temperature 
(Soldering, 10 seconds) 
300°C 


IS,17.19 
10mA 
Power Dissipation ITA = 60°C) 
600mW 


Electrical Characteristics at Vl-16 = 12V. TA = 2SoC as measured in application circuit 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


Current 
Consumption 


11 
12 = 0 
36 
mA 


Video 
Signal 


V1 
Input 
Voltage 
Range 
1 
7 
Vp·p 


IQ 
Input 
Current 
During 
Sync 
Pulse 
100 
/iA 


Noise 
Gating 
(Pin 
9) 


V9·16 
Input Voltage (Peak Value) 
0.7 
V 


19 
Input 
Current 
(Peak 
Value) 
0.03 
10 
mA 


Flyback 
Pulse (Pin 5) 


V5·16 
Input Voltage (Peak Value) 
±1 
V 


15 
Input Current (Peak Value) 
0.05 
1 
mA 


R5·16 
Input 
Resistance 
400 
fl 


t5 
Pulse Duration at 15.625 Hz 
10 
'" 


Composite 
Sync 
Pulses 
(Positive: 
Pin 7) 


V7-16 
Output 
Voltage 
10 
Vp·p 


Output 
Resistance 


R7·16 
At 
leading 
Edge 
of 
Pulse 
(Emitter 
50 
fl 


Follower) 


R7·16 
At 
Trailing 
Edge 
2.2 
kfl 


R7-16 
(ext) 
Additional 
External 
Load 
Resistance 
2 
kfl 


Driver 
Pulse 
(Pin 
21 


V2·16 
Output Voltage 
10 
Vp·p 


12 
Average Output 
Current 
20 
mA 


12 
Peak Output 
Current 
200 
mA 


t2 
Output 
Pulse 
Duration 
When 
12 
32 
/is 


Synchronized 


to tot 
Permissible 
Delay 
Between 
Leading 
Edge 
0 
15 
/is 


of 
Output 
Pulse 
and 
Flyback 
Pulse 
at ts = 12IJs 


V1-16 
Supply 
Voltage 
at Which 
Output 
Pulses 
4 
V 


are Obtained 


Oscillator 


10 
Frequency; 
Free 
Running 
R15·16 
= 3.3 kfl. 
(Note 
1) 
lb.625 
Hz 


LIfo 
Spread 
of 
Frequency 
at Nominal 
Values 
±5 
% 


10 
of 
Peripheral 
Components 


I~:ol 


Frequency 
Change 
When 
Decreasing 
the 
10 
% 


Supply 
Down 
to Minimun 
4V 


610/6VP 
Influence 
of Supply 
Voltage 
on 
Frequency 
5 
% 


fo 
VPnom 
atVp= 
12V 


610/6115 
Frequency 
Control 
Sensitivity 
16.5 
HZ//iA 


Control 
Loop 
I (Between 
Sync 
Pulse 


and 
Oscillator) 


V12-16 
Control 
Voltage 
Range 
0.8 
5.5 
V 


Control 
Current 
(Peak 
Values) 


112M 
V10·16> 
4.5V. 
V6-16> 
1.5V 
±2 
mA 


112M 
V10-16 < 2V. V6·16> 
1.5V 
±6 
mA 


Loop Gain of APC System 


~ 
Time Coincidence Between Sync Pulse 
1 
kHzfl,LS 


6, 
and Flyback Pulseor V10-16 > 4.5V 


~ 
No Time Coincidence or V10·16< 
2V 
3 
kHz/!Js 


6' 


lit 
Catching and Holding Range 
(Note 2) 
±1 
kHz 
, 
Pull·in Time 
lIt/lo 
= ±3% 161 = 470 Hz) 
20 
ms 
, 
Switch·over From LargeControl 
20 
ms 


Sensitivity to Small Control Sensitivity 


After Catching 


Control Loop II (Between Flyback Pulse 


and Oscillator) 


!(j tot 
Permissible Delay Between Leading Edge 
0 
15 
!JS 


of Output Pulse(Pin 2) and Leading Edge 


of Flyback Pulse 


M.. 
Static Control Error 
INote 
31 
0.5 
% 


6'd 


Overall PhaseRelation 
, 
PhaseRelation Between Leading Edgeof 
(No'e 
4) 
4.9 
!JS 


Sync Pulseand Middle of Flyback Pulse 


ILltl 
Tolerance of PhaseRelation 
INote 
51 
1 
!Js 


LlI 
Spread of Frequency at Nominal Values of 
- 


Peripheral Components 
10 


TBA920 
±5 
% 


TBA920S 
±2 
% 


V3-16 
Voltage 
t2 =-121-1s 
6 
V 


V3-16 
" 
= 32!Js 
8 
V 


13 
Input Current 
2 
!JA 


Time Constant Switch Voltage on Pin 10 


VlO-16 
For Internal Rl1 =-150n 
4_5 
V 


V10-16 
For Internal R11 =-2 kn 
2 
V 


Note 1: 
The oscillator 
frequency 
can be changed for other TV standards by an appropriate 
value of C14·16. 


Note 2: 
Adjus'able 
with 
R 12-15_ 


Note 3: 
The control 
error is the remaining error in reference to the nominal phase position 
between leading edge of the sync pulse and the middle 
of the flyback 
pulse caused by a variation 
in delay of the line output 
stage. 


Note 4: 
This phase relation 
assumes a luminance 
delay line with 
a delay of 500 ns between the input 
of the sync separator and the drive to the 
picture 
tube. 
If the sync separator is inserted after 
the luminance delay line or if there is no delay line at all (black-and-white 
sets). then the phase 
relation 
is achieved by C5-16 = 560 pF. 


Note 5: 
The adjustment 
of the overall phase relation 
and consequently 
the leading edge of the output 
pulse at pin 2 occurs automatically 
by the 
control 
loop 11or by applying 
a de voltage to pin 3. 


~National 
~ 
Semiconductor 


TBA950·2 Television Signal Processing Circuit 


General 
Description 


The 
TBA950-2 
is a monolithic 
integrated 
circuit 
for 
pulse separation and line synchronization 
in TV receivers 
with transistor output 
stages. 


The 
TBA950 
comprises 
the sync separator with 
noise 
suppression, the frame pulse integrator, 
the phase com- 


parator, 
a switching 
stage for 
automatic 
changeover of 


13 


LINE FREQUENCV 
CAPACITOR 


11 


PHASE 
CONTROL 
CAPACITOR 
Vcc 


PHASE 
COMPARATOR 
4 


TIME 
CONSTANT 


SYNC 
SEPARATOR 
I/P 


2D~T-I 


> 150--11-- 
I 
FRAME 


~PUlSES 


, 
r----------- 
I 


noise immunity, 
the line oscillator 
with frequency 
range 


limiter, 
a phase control 
circuit 
and the 
output 
stage. 


It delivers prepared frame sync pulses for triggering 
the 


frame oscillator. 
The phase comparator 
may be switched 


for 
video recording operation. 
Due to the large scale of 
integration, 
few 
external 
components 
are 
needed. 


--------l 
1..I1......r 


OSCillATOR 
WITH 


FREQUENCY 


RANGE 
LIMITER 


All voltages are referred to pin 1 


13, Supply Current 
(Figure 6) 


15, Input Current 
V5. 
Input Voltage 
12. Output 
Current 


V2. Output 
Voltage 


18, Switch-Over 
Current for Video Recording 


110. Flyback Peak Pulse Current 
V11, 
Phase Correction 
Voltage 


T A. Ambient 
Temperature 


45 mA 
2mA 
-6V 
22mA 
12V 
5mA 
5mA 
Oto 
V3 


60·C 


(For operating circuits Figures 
4 and 5) 


15, Input Current During Sync Pulse 


VIN 
P-P. Composite Video Input Signal 
110, Input Current During Line Flyback Pulse 


'8, Switch·Over 
Current 
td. Time Difference 
Between the Output 
Pulse 


at Pin 2 and the Line Flyback Pulse at 10 
13, Current Consumption 
(Figure 
6) 


T A. Ambient 
Operating Temperature 
Range 


>51'A 


3 (1 t061V 


0.2 to 2 mA 


>2mA 


<20/" 


$45 mA 
O°C to +60°C 


SYMBOL 
CHARACTERISTIC 
CONDITIONS 
MIN 
TYP 


V7 
Amplitude 
of the Frame Pul,e 
>8 


t7 
Frame Pulse Durations 
>150 


ROUT 7 
Output 
Resistance at Pin 7 
7.5 
10 


(High State) 


t2 
Output 
Pulse Duration 
Typical 
Ranges 
25 


V2 Res 
Residual Output Voltage 
12= 20 mA 
<0.55 


fo 
Oscillator Frequency 
C13/1 = 10 nF, R14/1 = 10.5 kn 
14063 
15625 


±MF 
Frequency Pull·ln Range 
400 


±~fH 
Frequency Holding Range 
Typical 
Ranges 
400 


dfddtd 
Slope of PhaseComparator 
2 


Control 
Loop 


dtd/dtp 
Gain of PhaseControl 
20 


tp 
PhaseShift Between Leading 
Typical 
Range 
0 


Edge of Composite Video 


Signal and Line Flyback Pulse 


(Note 2) Adjustable by V11 


MAX 
UNITS 


V 


17187 


1000 


1000 


Note 
1: 
By modification 
of the frequency-determining 
network 
at pins 13 and 14. these ICs can also be used for other line frequencies. 


Note 2: 
The limited flyback pulse should overlap the video signal sync pulse on both edges. 


The phase comparator 
compares the sawtooth voltage of 
the oscillator 
with 
the line sync pulses. Simultaneously, 


an AFC voltage is generated which 
influences the oscil· 


lator 
frequency. 
A frequency 
range limiter 
restricts the 


frequency holding range. 


The oscillator 
sawtooth 
voltage, which is in a fixed ratio 


to 
the 
line 
sync pulses, is compared 
with 
the flyback 


pulse in the phase control 
circuit, 
in this way compen· 


sating all drift 
of delay times in driver and line output 
stage. The correct 
phase position 
and hence the hori· 
zontal 
position 
of 
the picture 
can be adjusted 
by the 


10 kn 
potentiometer 
connected 
to pin 
11. Within 
the 


adjustable 
range the output 
pu Ise du ration 
(pin 
2) is 
constant. 
Any 
larger 
displacements 
of 
the 
picture, 


e.g., due to 
non·symmetrical 
picture 
tube, should not 


be corrected 
by the phase potentiometer, 
since in all 
cases the fly back pulse must overlap the sync pulse on 
both edges (Figure 3). 


The 
sync separator 
separates the synchronizing 
pulses 


from 
the 
composite 
video 
signal. 
The 
noise inverter 


circuit, 
which 
needs no external 
components, 
in con· 


nection 
with 
an integrating 
and differentiating 
network 


frees the synchronizing 
signal from distortion 
and noise. 


The frame sync pulse is obtained by multiple 
integration 


and limitation 
of the synchronizing 
signal, and is avail· 
able at pin 7. The RC network, hitherto 
required between 


sync separator and frame oscillator 
is no longer needed. 
Since the frame sync pulse duration 
at pin 7 is subject 


to 
production 
spreads, it 
is recommended 
to 
use the 
leading edge of this pulse for triggering. 


The frequency 
of the line oscillator 
is determined 
by a 
10 nF polystyrene 
capacitor 
at pin 13 which 
is charged 


and discharged periodically 
by 2 internal current sources. 


The 
external 
resistor 
at 
pin 
14 defines 
the charging 


current 
and consequently 
in conjunction 
with 
the oscil· 
lator capacitor the line frequency. 


The 
switching stage has an auxiliary 
function. 
When the 
2 signals supplied 
by the sync separator and the phase 


control 
circuit, 
respectively, 
are 
in 
synchronism, 
a 


saturated 
transistor 
is in 
parallel 
with 
the 
integrated 
2 kn 
resistor at pin 9. Thus the time constant 
of the 
filter 
network 
at 
pin 
4 
increases and consequently 
reduces the pull· in range of the phase comparator 
cir- 


cuit for the synchronized 
state to approximately 
50 Hz. 
This arrangement ensures disturbance-free operation. 


For video recording operation, this automatic switchover 
can be blocked 
by a positive 
current 
fed into 
pin 8, 
e.g., via a resistor connected to pin 3. It may also be use- 
ful to connect a resistor of about 680 n or 1 kn 
between 
pin 9 and earth_ The capacitor at pin 4 may be lowered, 
e.g., to 
0.1 I-tF. These alterations 
do not significantly 


VIDEO SIGNAL 
VIN 
I 


influence 
the normal 
operation 
of the IC and thus do 


not need to be switched. 


The 
output 
stage delivers 
at pin 
2 output 
pulses of 


duration 
and polarity 
suitable for driving the line driver 
stage. If the supply voltage goes down (e.g., by switching 
off the mains) a built·in protection 
circuit ensures defined 


Iine frequency 
pulses down to V3 = 4V and shuts off 


when 
V3 
falls 
below 
4V, 
thus 
preventing 
pulses of 


undefined 
duration 
and frequency. 
Conversely, 
if 
the 
supply voltage rises, pulses defined in duration 
and fre- 


quency 
will 
appear at the output 
pin 
as soon as V3 


reaches 4.5V. 
In the range between V3 = 4.5V and full 
supply the shape and frequency of the output 
pulses are 


practically constant. 
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FIGURE 5. Another Possibility for Line 
Frequency Adjustment 
(Transistor Output Stage) 
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FIGURE 6. Graph for Determining 
the Supply Series Resistor, Rs 


~National 
~ 
Semiconductor 


TBA970 Television Video Amphfier 


General bescription 
Features 


The TBA970 is a monolithic video amplifierfor 
television 


receivers. 
The circUitry 
includes a video preamplifier, 
DC contrast 
control 
utilizing 
a linear 
potentiometer 


which can be ganged to the chroma gain control, 
beam 


current 
limiting 
via contrast. 
Beam current 
limiting 


could be obtained 
with either positive or negative con- 
trol voltage. Black level control is achieved by a clamped 
feedback 
circuit combined 
with tne brightness control. 


Emitter follower output 
could be used to directly drive 


the video output 
stage. A separate NPN transistor 
(Q40) 


is provided on the ch ip. 


Connection Diagram 


Dual-In-Line Package 


16 
GNO 


15 
BLACK 
LEVEL 
FEEDBACK 
IN 
14 
DECOUPLE 


13 
BLACK 
LEVEL 
STORAGE 


12 
BRIGHTNESS 
CONTROL 


11 
KEYING 
IN 2 


10 
KEYING 
IN 1 


BEAM 
CURRENT 
CONTROL 


040 EMITTER 


CONTRAST 
7 
CONTROL 


BEAM CURRENT 
FEEDBACK 
IN 


BEAM 
CURRENT 
UNIT 


BLACK 
LEVEL 
UNIT 


BLACK 
LEVEL 
GATE 


CONTRAST 
BEAM 
BEAM 
CONTROL 
CURRENT 
CURRENT 
FEEDBACK 
IN 
CONTROL 


DECOUPLE 
BRIGHTNESS 
BLACK 
CONTROL 
LEVEL 
STORAGE 


011 


Absolute Maximum Ratings 


Supply Voltage 


Internal 
Power 
Dissipation 
Collector Current 040 
Power 0 issipation 040 


VCEO 040 


15.5V 
750 mW 
lOmA 
20mW 
13.2V 


VCES 040 
Operating Temperature 
Range 


Storage 
Temperature 
Range 


Lead 
Temperature 
(Soldering, 
10 seconds) 


15.5V 


-20°C 
to +45°C 


-55°C 
to +125°C 
260·C 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


12 
Supply Current 
(Note 1) 
27 
36 
mA 


V3 pop 
Peak-to-Peak Input 
Voltage 
(Note 2) 
1.6 
Vp-p 


R3 
Input Resistance 
12 
kn 


Voltage Gain 
2.4 


3.0 dB Bandwidth 
6.0 
MHz 


6.0 dB Bandwidth 
9.0 
MHz 


Linearity 
of Black-to-White 
Video 
0.9 


Output 
Signal 


V15 
Low Black Level Voltage 
0.2 
V 


V15 
High Black Level Voltage 
3.0 
V 


Contrast Control 
Range 
1.5V .::;V7 .::;4.5V 
36 
dB 


R12 
Input Resistance for Brightness 
200 
kn 


Control 


AV15 
Change of Black Level 
(Note 3) 
20 
mV 


VB, V9 
DC Voltage for Beam Current 
(Note 4) 
2.0 
V 


Limiting 
Inputs 


Separate Transistor 
040 Gain 
IC=14=1.0mA 
40 


Not8 1: 
No input signal and at minimum 
brightness. 


Note 2: 
With negative-going synchronizing pulse. 


Note 
3: 
With constant 
brightness 
setting, 
due to change 
of picture 
content, 
contrast 
control 
setting 
and change 
in ambient 
temperature 
(.6TA:= 


20· Cl; black 
level clamping 
with 
tc = 1 /lS, 110 2: 0.25 
mA, Vll 
~ 0.3V. 


Note 4: 
Beam current limiting occurs at va;::: V9. 


""J 


11-68 


Ii 


m 
BRIGHTNESS 
BLACK 
lEVEL 
.0 


DECOUPLE 
CONTROL 
STORAGE 
c: 


14 
12 
13 
2 
:c" 
V· 
I» 
CD 


R32 
RJJ 
RJ4 
R4J 
~- 


RJ6 
RJ) 
0 


=-"0c: 
;:;: 


BEAM 
CURRENT 
CONTROL 


TBA990 Color Demodulator 
General Description 


The TBA990 
is an integrated color demodulator 
circuit 


for 
color 
television 
receivers incorporating 
two 
active 


synchronous demodulators 
for the R-Y and B-Y chrom- 
inance 
signals, 
a 
matrix 
(producing 
the 
G-Y 
color 


difference 
signal), PAL phase switch and flip-flop. 
It is 


suitable for dc coupled drive to the picture tube when 
associated with 
the matrix 
integrated circuit 
(TBA530) 


and 
R-G-B output 
stages. Special attention 
has been 


given in the design to 
minimizing 
dc level drift 
with 


temperature. 


IDENTIFICATION 
INPUT 


R-YSUB.CARRIER 
2 


REFERENCE 
INPUT 


PAL 
SQUARE 
WAVE 
3 


OUTPUT 
(7.lkHll 


R-V 
SIGNAL 
OUTPUT 


B-VSIGNAL 
OUTPUT 


B-VSUs.tARRIER 
I 
REFERENCE 
INPUT 


16 
GND 


15 
Ne 


14 
llNEPUlSflNPUT 
(FLlP·FlOPSYNCHRONllINGI 


13 
R-V 
CHROMINANCE 


INPUT 
SIGNAL 


11 
R-V DC lEVEl 
SETTING 


11 
G-Y DC lEVEl 
SETTING 


10 
a-v 
CHROMINANCE 


INPUT 
SIGNAL 


9 
a-v DC LEVEl 
SETTING 


""""}; 


""};loonF 
1.2k 


UNDElAVED 
10 nF 
~--1 


56pF 
""}; 


] 


CDlD' 


DIFFERENCE 
OUTPUTS 


56PF-;J;' 


1. Identification 
bias. 
The 
PAL flip-flop 
is stopped, 
for 


identification 
purposes, 
when 
the 
voltage 
on 
pin 
1 in- 


creases 
above 
6V. 
This 
threshold 
is internally 
generated 


and 
has 
a 
porportional 
behavior 
with 
the 
12V 
supply 


voltage. 
The threshold 
level of 6V is chosen 
to match 
the 
output 
characteristic 
of 
the 
TBA540 
and 
has 
a suffi- 


ciently 
high 
safety 
margin 
above 
the 
zero 
chroma 
signal 
level of 4V to eliminate 
spurious 
identifying. 


2. 
R·Y 
subcarrier 
reference 
input. 
A 
1Vp-p 
signal 
is 
required 
via 
a 
dc 
blocking 
capacitor. 
Under 
no 
cir· 


cumstances 
should 
this 
signal 
be less than 
0.5 Vp·p. 
The 


input 
resistance 
at this 
pin is typically 
5 k.l1. 


3. 
PAL 
square 
wave 
output. 
The 
amplitude 
is 3Vp'p 


from 
an 
emitter 
follower. 
No 
external 
load 
resistor 
is 


required. 


4. 
R·Y 
signal 
output 
(G·Y 
at 
pin 
5 and 
B·Y at pin 
7). 


These 
outputs 
requ ire 
no external 
dc loads 
except 
that 


direct 
connection 
must 
be made 
via the 
low 
pass filters 
to 
the 
appropriate 
pins 
on 
the 
R·G·B 
matrix 
TBA530. 


In a complete 
circuit 
using the TBA530 
and video 
output 


stages 
the 
dc 
levels of these 
outputs 
will be adjusted 
to 


give the 
correct 
setting 
of 
the 
picture 
tube 
drive 
black 


levels. 
The 
changes 
in dc 
level 
with 
supply 
voltage 
are 
proportional 
and track 
together. 


The 
unwanted 
products 
of 
demodulation 
occurring 
in 


the 
color 
difference 
outputs 
are 
chiefly 
8.86 
MHz and 
harmonics 
together 
with 
a small 
amount 
of 
4.43 
MHz 


due 
to 
possible 
unbalance 
in 
the 
demodulators. 
To 


avoid 
possible 
troubles 
in the 
receiver 
because 
of radia· 


tion 
of 
these 
demodulation 
products 
from 
the 
R·G·B 


drive 
circuits, 
low·pass 
filters 
must 
be employed 
in each 


of 
the 
color 
difference 
outputs. 
The 
filters 
shown 
have 


a -3 
dB 
bandwidth 
of 
1 MHz, 
adequate 
attenuation 
of 


the 
8.8 
MHz 
component, 
and 
sufficient 
attenuation 
of 


the 
4.4 
MHz component 
to give less than 
4 Vp·p ampli· 
tude 
at the 
picture 
tube 
cathodes. 


6. 
Positive 
supply. 
The 
maximum 
allowable 
voltage 
on 
this 
pin 
is 13.2V. 


8. 
B·Y subcarrierreference 
input. 
The requirements 
here 
are identical 
with 
those 
for pin 2. 


9. 
DC 
level 
setting 
for 
B·Y 
output 
signal. 
This 
is a 


"common 
adjustment" 
which 
controls 
all three 
output 
dc 
levels together. 


10. 
Chrominance 
B·Y input 
signal. 
An 
input 
signal 
of 


approximately 
360 
mVp·p 
(color 
bars) 
is required 
at 


this 
pin. 
The 
input 
resistance 
is greater 
than 
800.11 and 
the 
input 
capacitance 
is less than 
10 pF. 
The 
spread 
in 
gain of the 
internal 
circuitry 
in the 
chrominance 
channel 
is ±10% 
maximum. 


11. 
DC level 
setting 
for 
G·Y output 
signal. 
This 
adjusts 


the 
G- Y output 
dc level relative 
to the 
B-Y dc level. 


12. 
DC level 
setting 
for 
R·Y output 
signal. 
This 
adjusts 


the 
R-Y output 
dc level relative 
to the 
B·Y dc level. 


13. 
Chrominance 
R·Y 
input 
signal. 
An 
input 
signal 
of 


approximately 
500 
mVp'p 
(color 
bars) 
is required 
at 


this 
pin. 
The 
input 
impedance 
and 
spread 
in gain 
is the 


same 
as for 
pin 9. 


14. 
Line 
pulse 
input 
(flip·flop 
synchronizing). 
A wave- 


form 
derived 
from 
the 
line 
timebase 
can 
be 
used 
for 
synchronizing 
providing 
that 
its amplitude 
lies between 


2V 
and 
5Vp·p. 
The 
trigger 
point 
occurs 
where 
the 


negative-going 
edge 
crosses 
approximately 
+0.6V. 
Prior 


to 
this 
sufficient 
current 
must 
be supplied 
to 
pin 
14 to 


turn 
the 
input 
transistor 
fully 
on. 


15. 
N.C. 
This 
pin 
should 
not 
be 
used 
for 
external 
connections. 


3 ~National 
C3 
~ 
Semiconductor 


I- 
TDA440 Video IF Amplifier 


General Description 


The 
integrated 
circuit 
has 
the 
following 
functions 


incorporated: 
3 symmetrical 
IF (broad band) amplifier 


with 
first 
and second regulated stages, controlled 
color 


carrier demodulator; 
video post-amplifier 
with 
low pass 


response and output 
independent of supply fluctuations; 


gated AGC section for the IF amplifier; 
delayed regulated 


output 
voltage for the tuner pre-stage. 


• 
High gain - 
high stability 


• 
Constant input impedance indepedent of AGC 


• 
Poor noise increase due to AGC action 


• 
Negative 
video 
signal 
hardly 
affected 
by 
supply 


voltage variations 


Connection and Block Diagrams 


Dual-In-Line 
Package 


IF INPUT 
1 


DC FEEDBACK 
2 
2 


GNU] 
3 


REGULATING· 
VOLTAGE Fil TEA 


TUNER 
5 
AGCOAIVE 


TUNEAAGC 
6 
DELAY 
CONTROL 


GATING 
PULSE 


,ARAlLELCIRCUIT 
• 


JI.9MHI 


16 IF INPUT 


15 
DC FEEDBACK 
,. :~\~3:NT:l~Y 
~~ABllIZED 


1] 
TOIV) 
v" 


12 
VIDEO 
OUTPUT 
POSITIVE 


11 
VIDEO 
OUTPUT 
NEGATIVE 


10 
WHITE 
lEVEL 
ADJUST 


9 
PARALLEL 
CIRCUIT 
JI.9MHz 


• 
Minimum 
RF breakthrough 
to video outputs 


• 
Fast AGC 
action 
- 
gating largely 
independent 
of 
pulse shape and amplitude 


• 
Very low intermodulation 
products 


• 
Minimum 
differential 
error 


• 
Positive as well as negative video signal available from 
low impedance outputs 


• 
Integrated temperature compensating circuit 


• 
DC output 
component 
adjustable (peak white) 


• 
Video 
IF 
amplifier 
for 
color 
and 
monochrome 


television receivers 


VIDEO 
OUTPUTS 


NEGATIVE' 


-wT 


Absolute 
Maximum 
Ratings 


vs. Supply 
Voltage 
Range 
(Pin 
13) 
10to 
15V 
VEXT. 
External 
Voltage 
(Pin 
4) 
3.2V 


IS. 
Supply 
Current 
of 
Low 
Voltage 
Stabilizer 
(Pin 
14) 
SOmA 
Power 
Dissipation 
Vo. 
Open 
Loop 
Voltage 
(Pin 5) 
15V 
PTOT, T A :0;55°C 
700 mW 


Video 
DC 
Output 
Current 
T J, Junction 
Temperature 
125°C 
la. 
Positive 
(Pin 
12) 
5mA 
TA. Ambient 
Temperature 
Range 
-2SoC 
to +70°C 


IQ. 
Positive 
(Pin 
12) 
30mA 
tSTG. 
Storage 
Temperature 
Range 
-2SoC 
to +12SoC 


10. Negative 
(Pin 11) 
5mA 


la. 
Negative 
(Pin 111 
30 mA 
Thermal 
Resistance 


Vw. 
White 
Level 
Control 
(RW) 
(Pin 
10) 
-1 to+3V 
RthJA. 
Junction 
Ambient 
100°CIW 
Max 


Electrical 
Characteristics 
Vs = 12V, TA = 25°C, 
Reference 
point 
pin 3 unless 
otherwise 
specified 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vs 
Supply 
Voltage 
Pin 13 
10 
12 
15 
V 


IS 
Supply 
Current 
Pin 
13 
15 
19 
25 
mA 


Vs 
Supply Voltage 
Pin 14, IS = 40 mA 
5.5 
5.B 
6.4 
V 


Va 
Negative 
Video 
DC 
Output 
Pin 11 
5.5 
V 


Voltage 


Va 
With 
White 
Level 
Adjustable 
Pins 
10 
and 
11, 
RW 
=00 
4.B 
V 


RW = 0 
6.5 
V 


Va 
Peak 
Black 
Clamping 
Level 
for 
Pin 
11 
1.75 
1.9 
2.15 
V 


Negative 
Video 
DC 
Output 


Voltage 


10 
Output 
DC 
Current 


Reference 
Point 
Pins11and13 
3.2 
mA 


Va 
Positive 
Video 
DC 
Output 
Pin 
12 
5.6 
V 


Voltage 


10 
Available 
Tuner 
Control 
Current 
Pin 
5 
3 
4.5 
mA 


10 dB 
after 
Onset 
of Tuner 


Control 
Action 
(Note') 


Vi 
Negative 
Gating 
Pulse 
Pin 
7 
1.5 
3 
5 
VSS 


-Vq 
Composite 
Video 
Output 
Level 
Pin l' 


Vo = 5.5V 
3.3 
Vss 
Va = 6.4V 
4.2 
VSS 


t.A(IFI 
AGC Range 
50 
56 
dB 


BVIDEO 
Video 
Bandwidth 
t.VVIDEO 
= -3 
dB 
B 
10 
MHz 


t.VVIDEO 
Video 
Frequency 
Response 
Change 
t.A(lFI 
= 50dB, 
BVIDEO 
=0-5 
MHz 
1.0 
2.0 
dB 


Vi 
Symmetrical 
Input 
Voltage 
Pins 1-16, 
-Vq = 3.3 VSS (Pin 11) 
100 
150 
220 
pV 


Maximum 
I F Voltage 
Level 
Pins 
11 and 
12 


Present 
at Video 
Outputs 
Over 
f = 3B.9 MHz 
30 
mV 


the 
Full 
AGe 
Range 
f = 77.B MHz (2. Harm) 
50 
mV 


Sound 
IF 
Voltage 
Level 
Present 
Pin 12, f = 5.5 MHz, BTITT 
= 30 dB 
30 
mV 


at Video 
Outputs 
with 
Selective 


Circuit 


d 
Differential 
Gain 
of 
Negative 
15 
% 


Comp. 
Video 
Output 
Signal, 
for 


Full 
Black 
to White 
Swing 


aiM 
Suppression 
of Sound 
Carrier! 
40 
dB 


Color 
Subcarrier 
IP (1.07 
MHz) 


with 
Respect 
to Color 
Subcarrier 


Level 


Picture 
Carrier 
0 
dB 
IF Color 
Subcarrier 
Level 
-6 
dB 


IF Sound 
Carrier 
Level 
-24 
dB 


Input 
Impedance 


Reference 
Point 
Pin 16 


Ri 
A(IFJ 
Max 
Pin 
1 
1.4 
kl1 


Ci 
2 
pF 


Ri 
A(lFI 
Min 
Pin 
1 
1.4 
kl1 


Ci 
1.9 
pF 


Note 1: 
On 
request 
~ 
7 mA 


iiII 


Application 
Note for Reference Circuit to Improve 
Audio Interference and Cross Color Characteristics 
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VIDEO 
OUTPUTS 


'POSITIVE 
NEGATIVE' 


10'f.l. 
.l..l. 


4.7 nF 
25}JF 


TUNER 
- 
- 
-, 
CONTROL 


~2 5k 
33 ,f 0 ~2Ok 
"Wt- _...J 


GATING 
PULSE 


RS = 1.8-3.3 
kn 
- 
series 
resonance 
damping 
determine 
the tuning 
characteristics 


~National 
~ 
semiconductor 


TDA2522/TDA2523 
Color Demodulation 
Combinations 


The 
TDA2522/TDA2523 
are 
integrated 
synchronous 


demodulator 
combinations 
for 
colour 
television 
receivers 
incorporating the following features. 


• 
ACC detector and,amplifier 


• 
A color killer 
• 
Two synchronous demodulators 
for 
the (B·Y) 
and 
(R·YI s'gnals 


• 
Temperature compensated emitter follower outputs 


• 
PAL sw,tch and PAL flip-flop 
w,th ,nternal identif,- 


cation 


• 
Integrated capacitors in 
the symmetrical 
demodu- 


lators reduce unwanted 
carner-signals 
at the outJ;luts 


• 
8.8 MHz oscillator followed 
by a divider giving two 
4.4 MHz signalsused asreference signals 


• 
Keyed 
burst 
phase 
comparison 
for 
optimum 
noise 


behavior 


Connection 
Diagram 
Dual·ln-Line Package 
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NOTE: The outputs of the TDA2522 are -IB-YI. 
-IR-Y) 
and -IG-Y). 


The outputs of the TDA2523 are (B·YI. IR·Y) and IG·Y). 


Absolute Maximum Ratings 


VII-4. 
Supply Voltage 
14V 


"TOT. 
Total Power Dissipation (Note 3) 
600mW 


TSTG. Storage Temperature 
-20°C 
to +125°C 


TA. Operating Ambient 
Temperature 
-20°C 
to +60°C 


Electrical Characteristics 
VII 
-4 = 12V. TA = 25° C 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


Supply Current 
40 
mA 


Demodulator 
Section 


VI-4 
Ratio of Demodulator 
Signals 


B-Y/R-Y 
--- 
1.78 
. V3-4 


V2-4 
0.85 
G·Y/R·Y 
-- 
(Note 1) 
. V3-4' 


V2-4 


G·Y/R·Y. 
V3-4 
(Note 2) 
0.17 


Color Difference Output 
Signals. Peak·to·Peak 


Values 


R·Y. V3-4 
(p.p) 
2.40 
II 


G·Y. V2-4 
(p.p) 
1.35 
V 


B·Y. VI-4 
(p.p) 
3.00 
V 


Impedance of Color Difference Signal Outputs 


IZ3-41 
250 
n 


IZ2-41 
250 
n 


IZI-41 
250 
n 


HI2 Ripple at R·Y OutPut (Peak·to·Peak Value) 
10 
mV 


V15-4 
Burst Keying Pulse (Positive·Going) 
1.5 
V 


Chrominance Input Signal (Including 
Burst) 


Peak·to·Peak Value 


R·Y. V6-4 
500 
mV 


B·Y. V5-4 
350 
mV 


Reference Section 


Phase Difference Between Reference Burst Signals 
-5 
5 
Deg. 


for ±4oo Hz Deviation of Crystal Frequency 


Holding Range with Typical Crystal 
±5OO 
Hz 


V12-4 
ACC Reference Voltage 
7 
V 


ACC Voltage with 0.5V Peak·to·Peak Burst 


V14--4 
At Correct Phase 
5.5 
V 


V14 -4 
With Zero Burst 
7.0 
V 


V13-4 
ACe Amplifier 
Output with 0.5V Peak-to·Peak 
1.5 
V 


Burst of Correct Phase 


RG-F 
Oscillator 
Input Resistance 
270 
n 


RH-F 
Oscillator Output 
Resistance 
200 
Il 


No,. 
1; The demodulators Ire driven by • chrominanc:e signat of equal MTlplitucH 
for thl 
(R·Y) and the (S-V) cotnponenu. 
The p,*- 
of •••• 
(R·YI chrominanee 
'ignal 
equo4, the ph •• e of the IR·Y) reference 
,ignal. 
The..".. 
holds for the IB·Y) ,ignal,. 


No•• Z: As under not. 1, but the phaseof thl 
(R·Y) ,.ferencllignal reversed. 


No •• 3: 
For QPerltion 
in ambi,n' 
temperatures 
abow 
25°C. 
thl 
device 
must 
be derl.-d 
baNd on I 1We maximum 
junction 
temperature 
and. 
ther"'-' 
,•• iltanC8 of 11!t elW junction 
to ambitnt. 


TDA2530 R·G·B Matrix Preamplifier With Clamps 


The TDA2530 
is an integrated R-G-B matrix preamplifier 
for color television 
receivers, incorporating 
a matrix pre- 


amplifier 
for 
R-G-B cathode 
drive of the picture 
tube 


with 
clamping 
circuits. 
The TDA2530 
has a base driver 
amplifier, 
Also, each channel follows an identical layout 
to ensure equal frequency 
behavior of the 3 channels. 


This 
integrated 
circuit 
has been designed to 
be driven 


from 
the 
TDA2522 
synchronous 
demodulator 
and 


oscillator 
integrated circuit. 


The 
device 
is also available 
in 
a zig·zag quad-in-line 


package, this 
version 
being denoted 
by 
the 
suffix 
Q, 


i.e., TDA2530Q. 


16 
GND 


15 RED SIGNAL 
FEEDBACK 


14 
RED DIP 


13 
GREEN SIGNAL 
FEEDBACK 


12 
GREEN DIP 


11 
BLUE SIGNAL FEEDBACK 


10 
BLUE DIP 


Supply Voltage (Nom inal) 
Operating Ambient 
Temperature 
Range 
Gain of Luminance and Color-Difference 
Channels (Typical) 


12V 


-25°C 
to +60°C 
100 


Supply Voltage (V8-6 
Maximum) 
Storage Temperature, TSTG 
Operating Ambient 
Temperature, TA 


13.2V 
-25°C 
to +125°C 
-25°C 
to +60°C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Gain of Color Channels (B·Y; G-Y; R-Y) 
G2-16 
100 


at f = 0.5 MHz 
(Note 1) 
G4-16 
100 


G6-16 
100 


Ratio of Gain of Luminance Amplifier 
to 
0.9 
1.1 


Color Amplifiers 


Input Resistance of Color Difference 
R2-6 
100 
krl 


Ampl ifiers at f = 1 kHz 
R3-6 
100 
krl 


R4-6 
100 
krl 


Input Resistance of Luminance Amplifier 
R5-6 
100 
krl 


at f = 1 kHz 


1. 
Luminance 
signal input. 
A lV 
black to white posi- 


tive-going 
luminance 
input 
signal is required. 
Blanking 


level should be at 1.5V and black level at 1.7V. 


2. 
-(R·Y) 
input signal. The input signal is required to 


be AC 
coupled 
from 
a low impedance source such as 


the 
TDA2522. 
The coupling 
capacitor 
also acts as a 


clamp 
capacitor 
for the TDA2530 
red output. 
As the 
color 
difference 
input 
impedance is at least 100 krl, 


low value coupling capacitors may be used. 


3. 
Red drive 
adjustment. 
A gain variation 
of the red 


channel of at least ±3 dB about the typical, 
is obtained 


as the DC potential 
at this pin is varied by ±5V about 
the typical 
of 5V. 
If no connection 
is made to a gain 


controlling 
pin 
the 
channel 
concerned 
assumes the 
typical gain. 


8. Clamp pulse input. 
A positive-going line pulse input 


is required and the pulse should exceed a threshold 
DC 
level set by the TDA2530 
of 7V. An input current 
of 


about 1 mA is required. 


10. Blue signal output. 
The TDA2530 
blue signal out- 


put 
has polarity 
appropriate 
for 
base drive of typical 
video output stages. 


11. Blue signal feedback. 
The signal gain of both 
the 


video output 
stages and IC amplifier 
are stabilized 
by 


the 
feedback 
circuits. 
DC 
clamping 
is 
achieved 
by 
sampling 
of 
the 
feedback 
level during 
blanking. 
The 


black 
level 
potentials 
at 
the 
collectors 
of 
the video 


output 
stagesmay be varied independently 
by adjustable 


DC current 
sources applied to the feedback input pins. 


The DC levels at these pins are such that the feedback 
resistor and a resistor network 
between the 12V supply 
and earth 
provide 
a potential 
of 
6V during 
blanking. 


~It) 
Application 
Information 
(Peripheral Circuitry) 


~I- 


A·YtN 


G·YIN 
4 
16 


B·Y IN 
6 
TDA25JO 
13 


J 
12 


, 
IS 


1 
14 


Note 
1: 
Attention 
should 
be given to earth 
paths, 
avoiding 
common 
impedances 
betwen 
the input 
(decoder) 
side and the output 
stages. 


Note 
2: 
Printed 
track 
area connected 
to the feedback 
pins should 
be kept 
to a minimum. 


Note 3: 
To ensure 
a matched 
performance 
of the video 
output 
stages, 
a symmetrical 
layout 
of the 3 stages should 
be employed. 


~National 
~ 
semiconductor 


The TDA2540 is an i.f. amplifier and demodulator integrated circuit for colour and black and white television receivers using 


n-p-n 
tuners. 


• 
Wide-band gain-controlled i.f. amplifier. 


• 
Synchronous demodulator. 
• 
Video preamplifier with white spot and noise inverters. 


• 
Noise gated a.g.c. 
• 
a.f.c. circuitswitched 
on/off by a dc level. 


• 
a.g.c. output for n-p-n- tuners. 


• 
V.C.R. switch allows insertion of VCR plAyback signal. 


" " .... 


II 
DC 
HHI"CI 


&.lie 
TIMfCOIlS'''' 


6.11.0. 


" 
YlOfDOUTI'UT 


+lVfSUf'l'U 
" 
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VII - 13SupplyVo~.ge 
14V 


PTOT Power 
Dissipation 
900mW 


T STG Storage 
Temperature 
-55to+125"C 


Tamb Operating Ambient Temperature 
-25to~C 


Electrical 
Characteristics 
VII-13 
= 12V Tamb=25°C 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


VI -16 
(r.m.s.) 
I.F. Input Voltage for onset of A.G.C. 
100 
150 
"V 


V12-13 
Zero Signal Output Level 
6.0 
V 


Top Sync Output Level 
2.9 
3.2 
V 


V6-13 
A.F.C. Output Voltage Swing for AF=100KHz 
10 
11 
V 


I.F. Voltage Gain Control Range 
64 
dB 


SIN 
Signal to Noise Ratio at Vl=10mV 
(Note 1) 
5B 
dB 


B 
3dB Bandwidth of Video Amplifier 
6 
MHz 


<1G 
Differential Gain 
4 
10 
% 


<10 
Differential Phase 
2 
10 
Deg. 


Carrier Signal at Video Output 
4 
30 
mV 


2nd Harmonic of Carrier at Video Output 
20 
30 
mV 


Intermodulation Ratio at 1 5MHz 
46 
dB 


V6-13 
A. F.C. Switch off Level 
2·5 
V 


V14-13 
V.C.R. Switch off Level 
1·1 
V 


White Spot Inverter Threshold Level 
66 
V 


White Spot Insertion Level 
4 7 
V 


Noise Inverter Threshold Level 
1·8 
V 


Noise 
Insertion 
Level 
3·8 
V 


14 
Tuner A.G.C. Output Current Range 
0 
10 
mA 


V4-13 
Tuner A.G.C. Output Voltage 
0·3 
V 


atl,rl0mA 


14 
Tuner A.G.C. Output Leakage 
15 
"A 


current V14-13 
= 3V V4-13 
= 12V 


Note 1: S/N= 
Vout Black-to-White 


Vn (r.m.s.l at B=5MHz 


100n~ 
THnf 


--l 


I 
I 
--.1. 


39· 5MHz 


~National 
~ 
semiconductor 


The TDA2541 
is an i.f. amplifier and demodulator 
integrated circuit for colour and black and white television receivers using 


p-n-p 
tuners. 


• 
Wide-band gain-controlled 
i.f. amplifier. 


• 
Synchronous 
demodulator. 


• 
Video preamplifier with white spot and noise inverters. 


• 
Noise gated a.g.c. 
• 
a.f.c. circuit switched on/off 
by a de level. 


• 
a.g.c. output for p-n-p tuners. 


• 
V.C.R. switch allows insertion of VCR playback signal. 


Absolute 
Maximum 
Ratings 


Vl'-135upplyVollage 
14V 
PTOTPowerDiaipation 
900mW 


T5TG 51O,.geTe"..,••••ture 
-56to+125"C 


.••mbOperetinllAmbientT8"1>enIture 
-251O+6O"C 


Electrical 
Characteristics 
Vl'-13 
= 12V Tamb=25°C 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


VI-16 
(r.m.sJ 
I.F.lnpul 
Vollageforonse1of 
A.G.C. 
100 
150 
I'V 


V12-13 
Zero Signal Oulput Level 
6.0 
V 


Top Sync Output Level 
2.9 
3.2 
V 


V6-13 
A.F .C. Output Voltage Swing for 4F= 100KHz 
10 
11 
V 


I.F. Voltage Gain Control Range 
64 
dB 


SIN 
Signal to Noise Ratio at Vl=10mV 
(Note 1) 
58 
dB 


B 
3dB Bandwidth of Video Amplifier 
6 
MHz 


4G 
Differential 
Gain 
4 
10 
% 


40 
Differential 
Phase 
2 
10 
Deg. 


Carrier Signal at Video Output 
4 
30 
mV 


2nd Harmonic of Carrier at Video Output 
20 
30 
mV 


Intermodulation 
Ratio at 1· 5 MHz 
46 
dB 


V6-13 
A.F.C. Switch off Level 
2·5 
V 


V14-13 
V.C.R. Switch off Level 
1'1 
V 


White Spot Inverter Threshold Level 
6·6 
V 


White Spot Insertion Level 
4·7 
V 


Noise Inverter Threshold Level 
,. 8 
V 


Noise Insertion Level 
3·8 
V 


14 
Tuner A.G.C. Output Current Range 
0 
10 
mA 


V4-13 
Tuner A.G.C. Output Voltage 
0·3 
V 


at I ('10mA 


14 
Tuner A.G.C. Output Leakage 
15 
I'A 


currentVI4-13= 
llV 
V4-13 
= 12V 


Not. 
1: S/N= 
Vout Black-to-White 


Vn (r.m.s.) at B=5MHz 


22nf 
- 
I I 
3311nF 


100n:I- 
HnF 
T 


JI?'A National 
~ 
Semiconductor 


TDA2560 Luminance and Chrominance Control 
Combination 


The TDA2560 
is a monolithic 
integrated circuit 
for use 


in decoding 
systems of color 
television 
receivers. The 


circuit 
consists of a luminance and chrominance 
ampli- 
fier. The luminance amplifier 
has a low input impedance 


so that 
matching 
of 
the 
luminance 
delay line is very 


easy. 


• 
DC contrast control 


• 
Brightness control 


• 
Black level clamp 


• 
Blanking 


• 
Additional 
video output with positive-going sync 


• 
Gain controlled 
amplifier 


• 
Chrominance 
gain 
control 
tracked 
with 
contrast 
control 


• 
Separate DC saturation control 


• 
Combined 
chroma 
and 
burst 
output, 
burst 
signal 
amplitude 
not 
affected 
by contrast 
and saturation 
control 


• 
The 
delay 
line 
can 
directly 
be driven 
by 
the 
IC 


16 


DC CONTRAST 
CONTROL 


15 
LUMA DIP (+VE SYNC) 


14 
LUMA liP 


13 
LUMA 
GAIN SET 


12 
BLACK 
LEVEL 
CLAMP 


11 


BRIGHTNESS 
CONTROL 


10 
LUMA 
DIP (-VE 
SYNC) 


FL YBACK 
BLANK 


0 
(0 
Absolute 
Maximum 
Ratings 
IJ') 


~ 


V8-5, 
Supply 
Voltage 
14V 


TSTG, 
Storage 
Temperature 
-55°C 
to +125°C 
C 
T A, 
Operating 
Ambient 
Temperature 
-25°C 
to +70°C 
~ 
Electrical Characteristics 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


VS-5 
Supply 
Voltage 
Range 
9 
12 
14 
V 


IS 
Supply 
Current 
46 
mA 


VS-5 
(p-pl 
Allowable 
Hum on Supply 
Line (Peak-to-Peak 
Value 1 
100 
mA 


The following 
data are measured 
at VS = 12V, TA = 25°C 


Luminance 
Amplifier 


IR(p-p) 
Input 
Current; 
Slack-to-White 
Level (Peak-to-Peak 
Value) 
0_2 
mA 


IZI 
Input 
Impedance 
75 
f! 


Gain (Pin D), (Note 
1) 


V6-5 
Burst Signal (Peak-to-Peak 
Value) 
6 
V 


Contrast 
Control 
Range 
20 
dB 


Vl1 
Brightness 
Control 
Range (Black 
Level) 
3 
V 


Black 
Level Stability 
When Changing 
Contrast, 
±20 
mV 


Video Contents and Temperature 


B 
Bandwidth 
(-3 
dB) 
5 
MHz 


V15-5 
Output 
Voltage 
(Additional; 
Positive-Going 
Sync) 
3.4 
V 


Peak-to-Peak 
Value 


V7-5 
Black 
Level Clamp 
Pulse (Note 
21 
6 
V 


Blanking 
Pulse (Note 
3) 


V9 
At OV at the Output 
2 
V 


V9 
At 
1_5V at the Output 
5 
V 


Chrominance 
Amplifier 


Vl-2 
(p-p) 
Input 
Signal 
Range (Peak-to-Peak 
Value) 
4 
SO 
mV 


V6-5 
(p-p) 
Obtainable 
Chrominance 
Output 
Signal 
(Note 
4) 
2 


Peak-to-Peak 
Value 


Ratio 
of Burst and Chrominance 
at Nominal 


Contrast 
and Saturation, 
(Note 
5) 


V3-5 
ACC Starting 
Voltage 
(Note 
6) 
1.2 
V 


ACC 
Range 
30 
dB 


Tracking 
with 
Contrast 
Control 
(10 dB Control) 
-1 
dB 


Saturation 
Control 
Range 
20 
dB 


V7-5 
Burst 
Gate Pulse (Note 
2) 
1.5 
V 


SIN 
Signal to Noise 
Ratio 
at Nominal 
Input 
Voltage 
50 
dB 


Phase of Burst to Chrominance 
-5 
5 
Deg. 


Note 
1: 
The gain of the luminance 
amplifier 
can be adjusted, 
by setting the gain of the contrast 
control 
circuit 
by selection 
of discrete resistor RG 


(see also circuits 
on pages xx and xxI. 
This circuit 
configuration 
has been chosen to reduce the spread of the gain to a minimum 
(main cause of 


spread 
is now 
the spread of the ratio 
of the delay 
line matching 
resistors and the resistor RG). 
At 
RG = 2.7 
kn 
the output 
voltage 
at nominal 


contrast 
(maximum 
- 
3 dB) is 3V black to white. 


Note 
2: 
This pin 
(7) 
is used for burst gate and black 
level clamping. 
The latter function 
is actuated 
at a 6V level. The input 
pulse must have such 


an amplitude 
that 
the clamping 
circuit 
is active only during the back porch of the blanking 
interval. 
The burst gate, which switches the gain of the 


chroma 
amplifier 
to maximum 
during the flyback 
time, 
is actuated 
at a 1.5V 
level. 


Note 
3: 
This 
pin (9) 
is used for 
blanking 
the luminance 
amplifier. 
When the input 
pulse exceeds the 2V 
level the output 
signal is blanked 
to a 


level of about 
OV. When the input 
exceeds a 5V 
level, a fixed 
level of about 
1.5V 
is available 
at the output. 
This level can be used for clamping 


purposes. 


Note 
4: 
The chrominance 
and burst signal are both available on this pin (6), The burst signal is not affected 
by the contrast 
and saturation 
control 


and is kept constant 
by the ACC 
circuit 
of the TDA2522. 
The output 
signal amplitude 
is, therefore, 
determined 
by the losses in the delay line. 


At nominal 
contrast 
and saturation 
setting, the burst to chrominance 
ratio at the output 
is typically 
identical 
to the ratio at the input. 


Note 
5: 
Nominal 
contrast 
is specified 
as maximum 
contrast -3 dB. Nominal 
saturation 
is specified 
as maximum 
saturation -6 dB. 


Note 6: 
A negative-going 
control 
voltage gives a decrease in gain. 


Q CONTRAST 
Q 
SATURATION 


n 
BLACK 
LEVEL 
r\... 
ClAMPPUlSEANO 


BURST 
GATE 
PULSE 


J'LBLANKINGPUlSE 


12V 


TOil 


OUTPUT 


asemiconductor 


Th~ TDA2591 and TDA2593 are integrated line oscillator 
circuits 
for 
color 
television 
receivers using thyristor 
or 
transistor line deflection output stages. 


• 
Line 
oscillator 
based on 
the 
threshold 
switching 
principle 


• 
Phase comparison 
between sync pulse and oscillator 
voltage 


• 
Phase comparison 
between 
line 
flyback 
pulse and 
oscillztor voltage 


• 
Switch 
for changing the filter 
characteristic and the 
gate circuit 
(when used for VCR) 


• 
Coincidence detector 


• 
Sync separator 


• 
Noise 
separator 


• 
Vertical sync separator 


• 
Color 
burst 
keying 
and line flyback 
blanking 
pulse 
generator 


• 
Phaseshifter for the output pulse 


• 
Output 
pulse duration switching 


• 
Output 
stage for direct drive of thyristor 
deflection 


circuits 


• 
TDA2591 
for 
use in combination 
with 
TDA2522 
& 
TDA2560 PAL decoder. 


• 
TDA2593 
for 
use in combination 
with 
TDA3500 
PAL decoder. 
Reference Data 
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PARAMETERS 
MIN 
rvp 


VI-16 
Supply Voltage 
12 
I, 
Supply Current 
30 


Input Signals 


V9-16 
(p.p) 
Sync Separator Input Voltage (Peak·to·Peak Value) 
3 
VIO-16 
(p.p) 
Noise Separator Input Voltage (Peak·to·Peak Value) 
3 


Pulse Duration Switch Input Voltage 


V4-16 
t ~7jJs 
8.2 


V4-16 
t=14jJs+td 
0 


V1'-'6 
Voltage for Switching on VCR 
9 
0 


Output Signals 


V8-16 
(p.p) 
Vertical Sync Output Pulse (Peak·to·Peak Value) 
11 
'0-16 (p.p) 
Burst Gating Output 
Pulse (Peak·to·Peak Value) 
II 


V3-16 
(p.p) 
Line Trigger Pulse (Peak·to·Peak Value' 
10.5 


11·90 


MAX 
UNITS 


V 


13.2 
4.0 
12 
1.5 


Absolute 
Maximum 
Ratings 


Vol._ 
v 1-16. Supply Volt. 
at Pin 1 (When Supplied 
13.2V 
I••. Pin" 
Current 
lmA 


by ,he ICI 
t16. Pin 6 Current 
IOmA 


\/2'-: 16. Supply 
Voltage It Pin 2 
18V 
17. Pin 7 Current 
10mA 


V4 -16. Pin 4 Volt. 
0'0 
13.2V 
'11. P~n 11 Curren, 
2mA 


V9-16. 
Pm 9 Volt. 
-6'0 
+6V 
_ 
Oi"ipo.ion 


Vl0--16, Pin 10 Volt. 
-6 to +6\1 
'TOT. 
Totll 
Power OiuipatiorrCNote 
6) 
800mW 


Vll-16.Pm 
11 Volt. 
o to 13.2V 
Tempere"',•• 


Currenb 
TSTG. Stor. Temper.ture 
-25"C 
10 +12S"C 


12M. Pi" 2 Current 
('eak 
V.I~1 
lIliO mA 
TA. Oper.ting 
Ambient 
Temper.ture 
-2O"10+6O'C 


13M. Pin 3 Currtnt 
(Pelk 
V.lue) 
660 mA 


Electrical 
Characteristics 
Vl-16~ 
12V;TA~25°C 


PARAMETER 
I 
MIN 
I 
TVP 
I 
MAX 
I 
UNITS 


REQUIRED INPUT SIGNALS 
Sync Separator 


V9-16 
Input Switching Voltage 
0.8 
V 


19 
Input Switching Current 
5 
100 
IJ.A 


19 
Input Blocking Current at V9-16 
~ -5V 
<1 
IJ.A 


Noise Separator 


Vl0-16 
Input Keying Voltage 
1.0 
V 


Vl0-16 
Input Switching Voltage 
1.4 
V 


110 
Input Keying Current 
5 
100 
IJ.A 


110 
Input Switching Current 
150 
IJ.A 


110 
Input Blocking Current at V1D-16 ~ -5V 
<1 
IJ.A 


Line Flyback Pul•• 


16 
Input Current 
>10 
IJ.A 


V6-16 
Input Switching Voltage 
0.8 
V 


V6-16 
Input Limiting Voltage 
-<l.7 
1.4 
V 
R6-16 
Input Resistance 
0.4 
kn 


Pul•• Duration Switcll 


Fort-7lJ.S 


V4-16 
Input Voltage 
8.2 
13.2 
V 


14 
Input Current 
>200 
IJ.A 


For t = 14 ·IJ.S+ td 


V4-16 
Input Voltage 
0 
4.0 
V 


-14 
Input Current 
>200 
IJ.A 


Fort~0;V4-16·0 


V4-16 
Input Voltage. (Note 11 
6.0 
V 


14 
Input Current (Input Open) 
0 
IJ.A 


SwillCllinl on VCR 


Vll-16 
Input Voltaea. (Note 2) 
0 
1.5 
V 
Vll-16 
9 
13.2 
V 


-111 
Input Current. (Note 21 
>200 
,.A 


111 
1 
2 
mA 


DELIVERED OUTPUT SIGNALS 
V.rtical Sync Pull. IPositiv.·Goi",1 


V8-16 
(p-pl 
Output Volt••• (P.ak-to·Peak Valuel 
10 
11 
V 


R8 
DulflMt Resistance 
2 
kn 


Burst Gati", Pul•• IPoIitj, ••Gol",1 


V7-16 
Output Volt••• IPeak-to-Peak Valua) 
10 
11 
V 


R7 
OutPUt Resiltance 
70 
n 


Electrical 
Characteristics 
(Continued) 
/ 


PARAMETER 
MIN 
TYP 
MAX 
/ 
UNITS 


DELIVERED 
OUTPUT 
SIGNALS 
(CONTINUEDI 


Blanking 
Pul •• 
! 


V7-16 
(p.p) 
Output 
Voltage 
(Peak·to-Peak 
Value) TDA2591 
3.0 
V 


TDA2593 
4.5 
V 


R7 
Output 
Resistance 
70 
n 


Line Triner 
Pul •• (Positi.e·Going) 


V3-16 
(p.p) 
Output 
Voltage 
(Peak·to·Peak 
Value) 
10.5 
V 


13(AV) 
Output 
Current 
(Average 
Valuel. 
(r-.tote 3) 
100 
mA 


R3-16 
Output 
Resistance 
for Leading 
Edge of Line Pulse 
2.5 
n 


R3-16 
Output 
Resistance 
for Trailing 
Edge of Line Pulse 
20 
n 


Oscillator 


V14-16 
Threshold 
Voltage 
Low Level 
4.4 
V 


V14-16 
Threshold 
Voltage 
High Level 
7.6 
V 


~114 
Discharge 
Current 
0.47 
mA 


V15-16 
Current 
Source 
Supply 
Voltage 
6.0 
V 


-115 
Current 
Source 
Supply 
Current 
0.5 
mA 


Ph•• e Comparison 
(4)1; Sync PuI•• ·Oscillator) 


V13-16 
Control 
Voltage 
Range 
3.8 
8.2 
V 


~113M 
Control 
Current 
(Peak Value) 
1.9 
2.1 
2.3 
mA 


113 
Output 
810cking 
Current 


At V13-16 
= 4-8V 
I 
,.A 


Output 
Resistance 


At V13-16 
= 4-8V.~igh 
Ohmic 
(Note41 


At V 13-16 < 3.8V or> 
8.2V. 
Low Ohmic. 


(Note 51 


Time Connant 
Switch 


V12-16 
Output 
Voltage 
6 
V 


~112 
Output 
Current 
1 
mA 


Output 
Resistance 


R12-16 
At V11-16 
= 2.5 to 7V 
0.1 
kn 


R12-16 
At VII-16 
< 1.5V or > 9V 
60 
kn 


Coincidence 
Detector 
(4)3) 


VII-16 
Output 
Voltage 
0.5 
6 
V 


Output 
Current 
(Peak Value) 


111M 
Without 
Coincidence 
0.1 
mA 


-111M 
With Coincidence 
0.5 
mA 


Pha •• Comparison 
(4)2; Oscillator·Line 


Flyback 
Pul •• l 


V5-16 
Control 
Voltage 
Range 
5.4 
7.6 
V 


~15 
Control 
Current 
(Peak Value) 
1 
mA 


Output 
(Input) 
Resinance 


At V5-16 
a 5.4 to 7.6V.High 
Ohmic. 


(Note41 


R5-16 
At V5-16 
< 5.4V or > 7.6V 
8 
kn 


Input 
Current 
at Blocked 
Phase Detector 


IS 
V5-16 
= 6.SV 
S 
,.A 


Note 
1: 
Can also be not connected. 


Note Z: When IUppliO\lby the Ie. 


No •• 3: 
Higher vllun 
ar. allowed 
when reducing p.ot- 


Note 4: 
Currlnt 
sourcl. 


Note 5: 
Emitter follower. 


••••• 
I: 
For operation 
in ambi.nt 
temperatu,n 
above 
25°C, 'hi device 
mull 
be derlted 
bMed on a 150·C 
maximum 
junction 
temperatura 
end a 
1het",.. 
'ftiltancl 
of 17SOCIW junction 
to ambiant. 


-I 
Applications 
Information 
C» 
I\) 
(J1 
CD 
...•.- 
PARAMETER 
MIN 
TVP 
MAX 
UNITS 
-I 
C 
Sync Separator 
~ 
V9-16 
(p.p) 
Input Voltage (Without Video; Peak·to·Peak Value) 
3 
7 
V 


19 
Input Keying Control 
100 
IJA 
(J1 
CD 


Noise Signal Keying 
(A) 


Vl0-16 
(p.p) 
Input Voltage (Without Video; Peak·to·Peak Value) 
3 
7 
V 


'10 
Input Keying Current 
100 
IJA 


Vn(p·p) 
Superimposed Noise Voltage (Peak·to·Peak Value) 
7 
V 


Vertical Sync Pulse Separator 


tON 
Delay Between Leading Edge of Input and Output 
12 
IJS 


Signal 


tOFF 
Delay Between Trailing Edge of Input and Output 
tON 
IJS 


Signal 


VB-16 (p.p) 
Output Voltage (Peak·to·Peak Value) 
10 
11 
V 


RB-16 
Output Resistance 
2 
kn 


Oscillator 


fo 
Frequency: Free Running IC14-16 = 4.7 nF, 
15.625 
kHz 


R15-16 
~ 12 kn! 


6folfo 
Spread of Frequency, (Note 7) 
<!5 
% 


6f0l6115 
Frequency Control Sensitivity 
31 
HZ/IJA 


6fo/fo 
Adjustment Range of Network in Figure 
1 
!10 
% 


6folfo 
Influence of Supply Voltage on Frequency at 
5 
% 
6VIVTYP, 
VI-16 
~ 12V, (Note7) 


6fo 
Change of Frequency when VI - 16 Drops to 4V 
10 
% 


Phase Comparison l<pl;Sync Pulse·Oscillator} 


Control Sensitivity 
2 
kHz/lJs 


Spread of Control Sensitivity, (Note 7) 
!10 
% 
6f 
Catching and Holding Range (82 kn! 
!780 
Hz 


6f/f 
Spread of Catching and Holding Range, (Note 71 
!10 
% 


Phase Comparison 1<p2;Oscilletor·Line Flyback Pulse) 


td 
Permissible Delay Between Leading Edge of Output 
15 
IJS 


Pulse and Leading Edge of Flyback Pulse 


6t/6td 
Static Control Error 
<0.2 
% 


O.erll' 
Phase Reletion 
Phase Relation Between Middle of Sync Pulse and 
2.6 
IJS 


the Middle of the Flyback Pulse 


16tl 
Tolerance of Phase Relation 
0.7 
IJS 


Adjustment Senlitivity, Caused By: INote8) 


6V5-16/6t 
Adjustment Voltage 
0.1 
V/IJS 
61516t 
Adjustment Current 
30 
IJAllJs 


Spread of Adjustment Current. INote 7) 
<10 
" 
Bunt Gating Pulse 


Phlse Relation Between Middle of Sync Pulse at 
2.15 
2,65 
3.15 
ja 
the Input and the Leading Edge of the Burst 
Gating Pulse; V7-16 
s 7V 


t7 
Burst Gating Pulse Duration 
4.0 
III 


11-93 


r"'""'IYlI;II;" 
M'N 
IT" 
MAA 
UN,,:» 


Line Trigger 
Pulse 


Output 
Pulse Duration 


tp 
At V4-16 
> 8.2V 
5.5 
7 
8.5 
/.IS 


tp 
At V4-16<4V 
14+tO 
/.Is 


Vl-16 
Supp1v 
Voltage 
for Switching 
Off the Output 
Pulse 
4 
V 


Internel 
Gating 
Pulse 


tp 
Pulse Duration 
7.5 
/.IS 


Not_7· 
I!xclusive external 
components 
tolerances. 


Not. 8· 
The adjustment 
of the overall phase relation 
and consequently 
the leading edge of the output 
pulse occurs automatically 
by phMe' control 


tP2. The v.lues beyond this pOint count if additional 
adjustment 
IS required. 


VERTICAL 
SYNC 
'ULSE 
'IV-II 
IV-.J 
L 


TO LINE 
OEHECTION 
11 
-l 1-::,r.• 
O 
: ••• 


IURST 
GATING ANO 
ILUKING 
'ULSE 


llVA 
3/4.SY- 
IV- 


VCRi 
lOR TO lJV) 


c0 
;~ 
" 
4;- 
~i 
::: 
i 
l 
l 


!~ 
f 


:I 
i~ 
g 
- 


:;.. 
s· 
~ 
- 
f 


~ ~National 
~ 
~ 
Semiconductor 
c 
to- 


The TDA3500 is a video processor 
designed 
for full feature 


color television 
applications. 
Luminance 
and color differ- 
ence inputs 
are provided 
to be driven from the TV decoder 


circuitry, 
with linear 
RGB inputs 
available 
for the display 
of text or other on-screen 
information. 
The black levels of 
the two input modes are clamped 
to the same level and the 
required 
input 
mode may be selected 
by a fast switching 
control 
pin which 
can enable 
text 
to be inlaid 
on to the 
received TV picture. 
Brightness 
and contrast 
controls 
are 
provided 
and operate 
in both 
signal 
input 
modes. 
Three 
electronic 
gain 
controls 
are provided 
for adjustment 
of 
RGB signals 
for correct 
white. 


The output 
stages 
produce 
signals 
suitable 
for driving 
the 
bases of the video output 
transistors. 
The feedback 
inputs 
are suitable 
for collector 
feedback 
from these transistors. 


Most common 
video output 
stage types can be used. 


• 
AC coupled 
inputs 
for (R-Y), (B-Y) and Y signals 


• 
Linear saturation 
control 
in the color difference 
stages 


• 
G-Y and RGB matrix 


• 
Linear inputs 
for direct 
RGB signals-use 
for teletext, 


inset picture, 
program 
status, 
tuning 
indicators, 
etc. 


• 
Fast sWitching 
input to select between 
RGB inputs and 


normal TV signal. 
Can be used to inlay text into normal 
picture 


• 
Linear 
contrast 
and brightness 
controls 
operating 
on 


both RGB inputs and matrixed 
luminance 
and color dif- 


ference 
inputs 


• 
Equally 
clamped 
black 
levels for RGB inputs 
and ma- 


trixed 
signals 


• 
Three identical 
signal 
channels 
for R, G, B 


• 
Horizontal 
and vertical 
blanking 
(black 
level or blacker 


than 
black) 
and black 
level clamping 
by means 
of a 


three-level 
sandcastle 
pulse 


• 
Three electronic 
gain controls 
for adjustment 
of white 


drive levels 


• 
Differential 
amplifiers 
with 
feedback 
inputs 
for feed- 
back from the RGB output 
stages 


• 
Gated feedback 
paths for stabilization 
of the DC levels 


at the picture 
tube 
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Order Number 
TDA3500N 
See NS Package 
N28A 


Absolute Maximum Ratings 


Min 
Max 
Min 
Max 


Supply Voltage, Vs (Pin 6) 
13.2V 
V10 
OV 
Vs 


Operating Temperature Range, Tu 
-20'C 
+60'C 
V11 
-0.5V 
3V 


Storage Temperature Range, Ts 
-65'C 
+ 150'C 
V12,13,14 
Note 1 


Power Dissipation, PTOT 
1.7W 
V16,19,20 
OV 
Vs/2 
V15,17,18 
Note 1 
Voltages 
V21,22, 23 
OV 
Vs 


V1,4, 26 
Vs/2 
Vs+1V 
Current 
V2, 5, 27 
OV 
Vs 
120 
5 mA 
V3, 25, 28 
Note 1 


V7, 8, 9 
Note 1 


Electrical Characteristics 
Vs= 12V (Note 2), TA = 25°C 


Parameter 
I 
Conditions 
Min 
I Typ 
Max 
Units 


Is 
Supply Current 
I 
I 
I 110 I 
I 
mA 


COLOR DIFFERENCE STAGES 


V18 
- (B-Y)Signal Input for 75% Saturated 
Color Bars 
1.33 
Vp-p 


R18 
Input Impedance 
100 
kO 


V18 
Internal DC Clamp Voltage 
4.2 
V 


V17 
- (R-Y)Signal Input for 75% Saturated Color Bars 
1.05 
Vp-p 


R17 
Input Impedance 
100 
kO 


V17 
Internal DC Clamp Voltage 
4.2 
V 


SATURATION CONTROL (Pin 16) 


V16 
Nominal Saturation 
o dB 
3.0 
V 
6 dB 
4.0 
V 
- 20 dB 
2.1 
V 


> - 40 dB 
1.8 
V 


1'6 
Input Current 
20 
~A 


LUMINANCE SIGNAL INPUT (Pin 15) 


V15 
0.45 
Vp-p 


R15 
Input Impedance 
12 
kO 


V15 
Internal Bias Voltage 
2.7 
V 


RGB CHANNELS 


Signal Switching 
(Pin 11) 


V11 
Matrixed Y, (B-Y),(R-Y)Signals Selected 
-0.5 
0.3 
V 


V11 
RGB Signal Inputs Selected 
0.9 
1.5 
V 


I" 
Input Current 
-100 
200 
~A 


V12, 13, 14 
RGB Input Signal Level (Note 3) 
Pin 12= B, Pin 13 = G, 
1 
Vp-p 
Pin 14= R 


V12, 13, 14 
Internal DC Clamp Voltage 
3.5 
V 


1'2, '3, 14 
Input Current 
5 
~A 


CONTRAST CONTROL (Pin 19) 


V19 
Nominal Contrast 
o dB 
3.4 
V 
3dB 
4.0 
V 
-6 
dB 
2.7 
V 


-17 
dB 
2.0 
V 


1'9 
Input Current 
10 
~A 


BRIGHTNESS CONTROL (Pin 20) 


V20 
Input Voltage Range 
1 
3 
V 


120 
Input Current 
10 
~A 


V20 
Input Voltage for Nominal 
Black Level 
Black Level Equal to 
2 
V 
Output Stage Clamp Level 


Range of Black Level Adjustment 
Referred to 
V201V-3V 
±50 
1% 


Nominai Video Signai 


Parametar 


INTERNAL SIGNAL HANDLING 


Referred to Nominal Video Signal and Black 
Level 


WHITE DRIVE ADJUSTMENT (Pin 21= B, Pin 22 = G, Pin 23 = R) 


Nominal Gain 
Gain Reduction 


Gain Increase 


R21, 22, 23 
Input Impedance 


OUTPUT STAGES 


V2, 5, 27 


tJ.V2,5, 27 


Feedback Inputs 


Voltage During Clamping 


Voltage Difference 
Betwelln the Feedback 
Inputs 


Input Resistance 


Amplifier 
Outputs 


R1, 4, 26 


1 
" 
',26 


V2, 5, 271V15 


Integrated 
Load Resistance 


Peak Output Current 


Gain Between Luminance 
Input and the 
Feedback Inputs 


tJ.V2, 5, 271V15 


V5 
V27 
V18 = 
V17 
Gain Between Color Difference 
Inputs and the 
Feedback Inputs 


tJ.V5 
tJ.V27 
Vi8= 
V17 


V2 
V5 
V27 
V13 = V12 = V14 Gain Between the RGB Inputs and the Feed- 
back Inputs 


tJ.V2 
tJ.V5 
~ 
= --m- 
Frequency Response 


tJ.V27 
=V1'4 


SANDCASTLE DETECTOR (Pin 10) 


Three Internal Switching 
Levels for the 
Separation of the Sandcaslle 
Pulse Information 


H and V Pulse (Note 5) 
H Pulse (Note 6) 
Clamp Pulse (Note 7) 
Low Level 


V21, 22, 23 = 6V (Note 4) 
V21, 22, 23=OV 


V21, 22, 23 = 12V 


Pin 1(G), Pin 4(B), Pin 26(R) 


Conductance 
of Error 
Amplifier 


tJ.I, _ tJ.1. _ 
tJ.126 
tJ.V2- tJ.V5- 
tJ.V27 


Nominal Contrast, 
Saturation 
and Drive 
Settings 
o MHz-5 MHz 


Nominal Contrast, 
Saturation 
and Drive 
Settin~s 


o MHz-2 MHz 


Nominal Contrast 
and 
Drive Settings 


125 
% 
-25 
% 


kO 


mAN 


Note 1: No externally 
applied voltages. 


Note 2: Supply 
voltage 
range (pin 61,Vs = 10.BV -13.2V. 


Note 3: During the clamp pulse period, the RGB inputs should be at black level as they are clamped 
to be equal to the matrixed 
luminance 
and color difference 
signal black levels. The output impedance of the drive to the RGB inputs should be less than 2000 for correct clamp operation. 


Note 4: With no external connection, 
pins 21, 22, 23 are internally 
biased to 6V. 


Note 5: Blanking level = - 20%. 


Note 6: Blanking 
level = 0% = clamp 
level. 


Note 7: Minimum 
pulse width = 3.5 ~s. The clamps are permanently 
activated 
if pin 10 is open. 


Pin 
Function 


1 
Green output 
signal. 


2 
Green signal 
feedback. 


The signal gain of both the video output stages 
and IC amplifier 
are stabilized 
by the feedback 


circuits. 
DC clamping 
is achieved 
by sampling 


the feedback 
level during 
blanking. 
The black 


level potentials 
at the collectors 
of the video 
output 
stages 
may be varied independently 
by 
adjustable 
DC current 
sources 
applied 
to the 


feedback 
input pins. The DC levels at these pins 


are such that 
the feedback 
resistor 
and are· 
sistor 
network 
between 
the 
12V supply 
and 


earth provide a potential 
of 6V during blanking. 


3 
Clamp capacitor 
for blue output 
stage. 


4 
Blue output 
signal. 


5 
Blue signal 
feedback 
(see pin 2). 


6 
Positive 
12V supply. 


7 
Blue black level clamp capacitor. 


8 
Green black level clamp capacitor. 


9 
Red black level clamp capacitor. 


10 
Sandcastle 
pulse input. 


A sandcastle 
pulse derived, for example, from a 
TDA2593 
line oscillator 
should 
be applied 
to 
this pin. 


A voltage 
between 
4V and 5V will operate 
the 


line blanking 
to nominal 
clamp level. For frame 


blanking 
20% 
below 
clamp 
level, 
a voltage 


between 
2V and 3V may be applied. 
A pulse 


greater 
than 
7.5V is required 
to operate 
the 


clamp circuits. 


11 
Signal switching 
Input. 


A voltage less than 0.3V will enable the matrixed 
Y,(B·Y), (R·Y) signals. 
An input greater than 0.9V 


will select the RGB input signals. 
If no connec· 


tion is made, the matrixed 
signals 
are selected. 


12 
Blue input. 


The positive·going 
input signal is required to be 


AC coupled 
from a low impedance 
source. The 


coupling 
capacitor 
also acts as a clamp capaci· 


tor. The 
high 
input 
impedance 
enables 
low 


value coupling 
capacitors 
to be used. 


13 
Green input (see pin 12). 


14 
Red input (see pin 12). 


15 
Luminance 
signal 
input. 


A positive·going 
input 
signal 
is required. 
This 


pin is internally 
biased to 2.7V with an input im· 


pedance of 12 kO. 


16 
Saturation 
control 
input. 


17 
- (R·y) signal 
input. 


The 
negative, 
- (R·Y), input 
should 
be 
AC 


coupled 
from 
a low 
impedance 
source. 
The 


coupling 
capacitor 
also acts as a clamp capaci· 


tor. The 
high 
input 
impedance 
enables 
low 


value coupling 
capacitors 
to be used. 


Pin 
Function 


18 
B·Y signal 
input (see pin 17). 


19 
Contrast 
control 
input. 


20 
Brightness 
control 
input. 


21 
Blue drive adjustment. 


A 
gain 
variation 
of 
typ 
± 40% 
about 
the 


nominal 
is obtained 
as the voltage 
of this pin is 


varied ± 6V about the nominal 
value of 6V. If no 
connection 
is made, nominal 
gain Is obtained. 


22 
Green drive adjustment 
(see pin 21). 


23 
Red drive adjustment 
(see pin 21). 


24 
Negative 
supply, OV (earth). 


25 
Clamp 
capacitor 
for red output 
stage. 


26 
Red output 
signal. 


27 
Red signal feedback 
(see pin 2). 


28 
Clamp capacitor 
for green output 
stage. 


To use the TDA3500 as a VDU driver with RGB input only, 
the Y input (pin 15) may be left open. The B-Y and R·Y input 
capacitors, 
pins 17 and 18, should be connected 
to ground 


to act as clamp capacitors. 


If operation 
without 
RGB inputs is required, pins 12,13 and 


14 may be left unconnected. 
Pin 11may be unconnected 
or 


grounded. 


The input 
coupling 
capacitor 
to pin 15 is not used as a 


clamp 
capacitor 
and may be omitted 
if AC coupling 
has 


been 
carried 
out 
in an earlier 
stage, 
or 
If the 
signal 


amplitude 
is so well defined 
as to remain within 
the win· 


dow of the IC when DC coupled. 
A nominal 
bias of 2.7V at 


black level should 
be provided. 


The nominal 
control 
ranges for brightness, 
contrast 
and 


saturation 
given in the data may be changed with suitable 


potential 
dividers. 
The appiication 
circuit 
shows 
control 


ranges arranged 
for OV-12V operation. 


When the TDA3500 is not driving 
video output 
stages 
but 


providing 
low level outputs, 
low gain inverting 
amplifier 


stages are still required to provide feedback 
for the IC out· 


put stages. 


Class AB video output stages are shown in the application 
circuit. 
Though 
using 
more 
components 
than 
class 
A 


types, 
they 
offer 
reduced 
power 
dissipation 
and better 


transient 
response. 
For good frequency 
response 
and sta· 


bility, care is required 
with the stray capacitances 
on the 


printed 
circuit 
board. In a compact 
board layout this ap· 


plies 
particularly 
to the capacitance 
between 
the video 


output 
and 
the 
feedback 
pins. 
The 
leedback 
resistor 


should 
be a low capacitance 
type. 


Note 
1: Attention 
should be given to earth paths, avoiding common im- 


pedances between the input (decoder) side and the output stages. 


Note 2: Printed track area connected to the feedback pins should be kept 
to a minimum. 


Note 3: To ensure a matched performance 
of the video output stages, a 
symmetrical 
layout of three stages should be employed. 
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TDA3501 Chroma Processor + RGB Drive Combination 


The TDA3501 
is the same 
basic 
video 
processor 
as the 
TDA3500 
with the addition 
of a gated 
peak beam current 
limiter 
circuit. 
Pin 23 is used as the beam current 
control 
input and the red channel 
gain is biased 
internally 
to the 
nominal 
value. 
Drive setting 
is achieved 
using 
the green 
and blue gain adjustments 
only. 


The TDA3501 is intended 
to be used for peak beam current 
limiting. 
Referring 
to the application 
circuit, 
the changing 
beam current waveform 
is developed 
across the resistor 
in 


series 
with 
the CRT aquadag 
ground 
return. 
This wave- 
form is AC coupled 
to pin 23 of the TDA3501 where it is DC 


restored 
to supply. When the negative-going 
peaks during 
the scan period pass the beam current 
input threshold, 
the 
contrast 
starts 
to be reduced. This action 
is gated off dur- 
ing the flyback 
period, 
blanking 
out 
flyback 
transients. 
The contrast 
control 
voltage 
is pulled down via an internal 
sink to pin 19, and the decoupling 
capacitor 
on this 
pin 
integrates 
the current 
pulses. 
Under 
extremes 
of beam 
current, 
the brightness 
will be pulled down via the internal 
diode connected 
between 
pins 19 and 20. 


Pin 23 may also be used as an alternative 
blanking 
input, 


for example, 
for frame 
blanking 
instead 
of using 
a three- 


level sand castle 
pulse. 
Negative-going 
blanking 
pulses 
are required 
and the decoupling 
on pin 19 should 
be iso- 
lated via a series resistor 
for reasonable 
rise and fall times. 
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Order 
Number 
TDA3501 
N 


See 
NS 
Package 
N28A 


119 
Contrast 
Control 
Input Current 
V23", 6V 
10 
flA 


119 
Current 
Sinking 
V23 =5.8V 
0.7 
mA 


V23=5.7V 
10 
mA 


V23= 5.6V 
16 
mA 
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CONTROL 
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V23 
Internal 
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(Pin 23) 
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Input Impedance 
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General 
Description 


The 
LM194 
and 
LM394 
are 
junction 
isolated 
ultra 
well-matched 
monolithic 
NPN 
transistor 
pairs 
with 
an 
order 
of magnitude 
improvement 
in matching 
over 
con- 
ventional 
transistor 
pairs. 
This 
was 
accomplished 
by 
advanced 
linear 
processing 
and 
a 
unique 
new 
device 


structure. 


Electrical 
characteristics 
of 
these 
devices 
such 
as drift 


versus 
initial 
offset 
voltage, 
noise, 
and 
the 
exponential 
relationship 
of 
base-emitter 
voltage 
to collector 
current 
closely 
approach 
those 
of a theoretical 
transistor. 
Extrin- 
sic 
emitter 
and 
base 
resistances 
are 
much 
lower 
than 
presently 
available 
pairs, 
either 
monolithic 
or 
discrete, 
giving extremely 
low noise 
and theoretical 
operation 
over 
a wide 
current 
range. 
Most 
parameters 
are 
guaranteed 
over a current 
range 
of 
1/lA to 
1 mA and OV up to 40V 
collector-base 
voltage, 
ensuring 
superior 
performance 
in nearly 
all applications. 


To guarantee 
long term 
stability 
of matching 
parameters, 


internal 
clamp 
diodes 
have been added 
across 
the emitter- 
base 
junction 
of each 
transistor. 
These 
prevent 
degrada- 
tion 
due 
to 
reverse 
biased 
emitter 
current-the 
most 
common 
cause 
of field 
failures 
in matched 
devices. 
The 
parasitic 
isolation 
junction 
formed 
by 
the 
diodes 
also 
clamps 
the 
substrate 
region 
to the most 
negative 
emitter 
to ensure 
complete 
isolation 
between 
devices. 


The 
LM194 
and 
LM394 
will 
provide 
a considerable 
im- 


provement 
in performance 
in most 
applications 
requiring 
a closely 
matched 
transistor 
pair. 
In many 
cases, 
trim- 
ming 
can 
be 
eliminated 
entirely, 
improving 
reliability 
and 
decreasing 
costs. 
Additionally, 
the 
low 
noise 
and 


high gain make 
this device 
attractive 
even where 
match· 


ing is not critical. 


The 
LM194 
and 
LM394/LM394B/LM394C 
are available 
in 
an 
isolated 
header 
6-lead 
TO-5 
metal 
can 
package. 


The 
LM 194 
is identical 
to the 
LM394 
except 
for tighter 
electrical 
specifications 
and 
wider 
temperature 
range. 


• 
Em itter-base 
voltage 
matched 
to 
50/lV 


• 
Offset 
voltage 
drift 
less than 
0.1/lV;oC 


• 
Current 
gain (hFE) 
matched 
to 2% 


• 
Common-mode 
rejection 
ratio 
greater 
than 
120 dB 


• 
Parameters 
guaranteed 
over 
1/lA 
to 
1 mA 
collector 
current 


• 
Extremely 
low 
noise 


• 
Superior 
logging 
characteristics 
compared 
to conven- 
tional 
pairs 


• 
Plug-in 
replacement 
for presently 
available 
devices 


/ 
( 
\,~ - 


1/2lM394 
, 


lQOk- 
- 
- 
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1% 
Uk 
5% 


Collector 
Current 


Collector-Emitter 
Voltage 


Collector-Emitter 
Voltage 


LM394C 


Collector-Base 
Voltage 


LM394C 


Collector-Substrate 
Voltage 
LM394C 


20 mA 


VMAX 


40V 
20V 
40V 
20V 
40V 
20V 


Collector-Collector 
Voltage 


LM394C 


Base-Emitter 
Current 


Power 
Dissipation 


Junction 
Temperature 


LM194 


LM394/LM394B/LM394C 


Storage 
Temperature 
Range 


Lead 
Temperature 
(Soldering, 
10 seconds) 


-ssOC to +1 2SoC 


-2SoC 
to +8SoC 


-6SoC 
to +1S0°C 


300°C 


40V 
20V 


±10mA 


SOOmW 


Current 
Gain 
Match 
(hFE 
Match) 


100 
[alBI 
(hFEfM1Nd 


Ie 


Emitter-Base 
Offset 
Voltage 


Change 
in Emitter-Base 
Offset 


Voltage 
vs Collector-Base 


Voltage 
(CMRR) 


Change 
in Emitter-Base 
Offset 


Voltage 
vs Collector 
Current 


Emitter-Base 
Offset 
Voltage 


Temperature 
Drift 


Collector-Base 
Leakage 


Collector-Collector 
leakage 


Input 
Voltage 
Noise 


LMl94 
lM394 
LM394B/lM394C 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCB 
:: OV to VMAX 
(Note 
1) 


lc:: 
1 mA 
500 
700 
300 
700 
225 
500 


Ic:: 
100""A 
400 
550 
250 
550 
200 
400 


Ic:: 
10""A 
300 
450 
200 
450 
150 
300 


Ic:: 
lJ,.1A 
200 
300 
150 
300 
100 
200 


VCB 
:: OV to VMAX 


Ie :: 10""A to , mA 
0.5 
0.5 
1.0 


Ie =l""A 
1.0 
1.0 
2.0 


VCB:: 
0 
25 
50 
25 
150 
50 
200 


lc = ,,,,,A to , mA 


(Note 
11 
10 
25 
10 
50 
10 
100 


Ic = ll-iA 
to 1 mA, 


VCB 
= OV to VMAX 


VCB 
::lOV, 
25 
50 
50 


Ie = l""A to 0.3 
mA 


Ie = 1O,uA to 1 mA 
(Note 
2) 


ICl 
= IC2 
0.08 
0.3 
0.08 
1.0 
0.2 
1.5 


Vos 
Trimmed 
to 0 at 25°C 
0.03 
0.1 
0.03 
0.3 
0.03 
0.5 


Ic 
= 3 nA to 300J,.lA, VCB =0, 
150 
150 
150 


(Note 
3) 


VCB 
:: VMAX 
0.05 
0.25 
0.05 
0.5 
0.05 
0.5 


Vec 
'" VMAX 
0.1 
2.0 
0.1 
5.0 
0.1 
5.0 


lc:: 
100""A, 
VCB 
= OV, 
1.8 
1.8 
1.8 


f::l 
'00 
Hz to 100 
kHz 


Ic = 1 mA, 
I B ::: 10pA 
0.2 
0.2 
0.2 


Ic ::: , mA, 
IB = 100pA 
0.1 
0.1 
0.1 


Note 
1: 
Collector-base 
voltage 
is swept 
from 
0 
to 
VMAX 
at 
a collector 
current 
of 
1J,JA, 
10J,JA. 
100J,JA. 
and 
1 mA. 


Note 
2: 
Offset 
voltage 
dnft 
with 
VOS 
= 0 
at 
T A = 25°C 
is valid 
only 
when 
the 
ratio 
of 
ICl 
to 
IC2 
is adjusted 
to 
give 
the 
initial 
zero 
offset. 
This 


ratio 
must 
be 
held 
to 
within 
0.003% 
over 
the 
entire 
temperature 
range. 
Measurements 
taken 
at 
+25°C 
and 
temperature 
extremes. 


Note 
3: 
Logging 
conformity 
is 
measured 
by 
computing 
the 
best 
fIt 
to 
a 
true 
exponential 
and 
expressing 
the 
error 
as 
a 
base-emitter 
voltage 


deviation. 


'Tel 
Labs type Q81(+~~:r)'c 


VOUT 
= -10910 
_.- 
VREF 


"'RS - 
Rl0 
and 02 povlde a temperature 


independent gain control. 
G = -336 
V1 IdBI 


Distortion < 0.1 % 
Bandwidth .....1 MHz 


100 dB gain range 


Common-mode 
range 
10V 


IBIAS 
25 nA 


10S' 
0.5 nA 
Vas 
(untrimmed) 
125,uV 


(-'VoS/.H) 
0.2"VI 
C 
CMRR 
120 dB 
AVoL 
2,500,000 


. C 
200 pF 101 unlly 
gain 
C 
30pFfmAv 
10 
C 
5 pF for 
AV 
100 


C 
a fOI Av 
1000 


INPUTS 


R3 


18k 
0.1% 


':" 
.. 


2k 
0.1% 


R5 


2k 
•• 


"' 
D1 
•• 
lMllJ 
•• 


12V 


D2 


IN4§1 


IX) IY) 


VOUT::: 
--- 
; positive inputs only. 
(2) 


Performance Characteristics 


G - 10,000 
G "1.000 
G -100 
0-10 


Linearity 
of Gain (t 10V Output) 
$0.01 
$0.01 
$. 0.02 
$. 0.05 
Common·Mode 
Rejection Ratio 160 Hz) 
~ 120 
~ 120 
~ 110 
~90 


'" 


Common-Mode 
Rejection Ratio (1 kHz) 
% 110 
~ 110 
~90 
~ 70 


18k 
0.1" 
Power Supply Rejection Ratio 


+ Supply 
> 110 
>110 
> 110 
> 110 


- Supply 
> 110 
>110 
>90 
> 70 
Bandwidth 
1-3 dBI 
50 
50 
50 
50 
Slew Rate 
0.3 
0.3 
0.3 
0.3 
Offset Voltage Drift-- 
$. 0.25 
$.0.4 
<2 
< 10 


Common-Mode 
Input Resistance 
> 109 
> 109 
; 
109 
; 
109 


Differential 
Input Resistance 
> 3 x 108 
> 3 x 108 
>3x108 
> 3 x 108 


Input Referred Noise (100 Hz $. f $. 10 kHz) 
5 
6 
12 
70 


Input 81asCurrent 
Input Offset Current 
Common-Mode 
Range 


Output Swing (Rl- 
10 knl 


*Gain::: 10 
6 


RS 


dB 
dB 
kH, 


V/~s 
~vfC 


n 
n 


nV 
.jH, 


nA 
nA 
V 
V 


Small Signal Current 
Gain vs 


Collector 
Current 


1000 
z 
VCE 
; 5V 
~ 
I" 
100 HI 


800 
T1" 
25 
C 
z~~ 
GOO 
~ 


'"z 
400 
~ 
v; 
;i 
200 
1:\ 


L 
0 


0.001 
0.01 
0.1 
10 


Ie - 
COLLECTOR 
CURRENT 
(mAl 


./ 


./ 
V 


T1" 
25 
C 


I 


U 
0.4 


:> 
02 
.3 


'::; 
0 


~ 
-0.2 


-0.4 


-06 


-0.8 


-1 


-200 
-100 


z 
'"~ 
ozo~~g 
01 


, 


VCE - 5V 


III 
T1" 
25 
C 


III 
II 


le.:..;.";Af!= 


Ic - 1 mA 


Ic" 
100pA 
III 
Ic" 
10pA 


1400 


1200 
z~ 1000 
~ 
z 


800 
~~~ 


600 


0 
400 


L 


200 


_Ie 
-/ 


10mA 
---- 
1.1 / 


~lmA 
~ 
/1 
100"A 
t--10 ••A 


~lIJA 


f'><' 
~, 


VCE "5V 
::.- 


o 


-15 
-25 
25 
75 
125 
175 


T, - JUNCTION 
TEMPERATURE 
( C) 


VCEI_l~~ 


T1" 
25 
C 


;.- 


..•••17 


V' 


~ 
'"~ 
o" 
~ 
0,6 
~~~~ 


'", 
~ 


~ 
0.4 


0001 


'e 
'-[;1 


1111: 
I, 
1/ 


Ie 
~= 


Ie" 
10_ 


I 
IIi! 


10 
~~~~ 
"'~, 
:!i 


01 ~ttit±l:ttl:jj:tit:±±tiJ 


0.001 
0.01 
0.1 
1 
10 


Ie - 
COllECTOR 
CURRENT 
(mAl 


Small Signal 
Input 
Resistance 
(hie) 
vs Collector 
Current 


10 


~ 


z 
~ 
~ 


0.1 
~~ 
z 
, 
0.01 
£ 


Ve" 
5V 
f" 
100 Hz 


100 


I~ 
~ 
~ 
10 
~~ 
z, 
~ 


VeE "5V 


Rs -100!! 


"' I' 
Ie'" 
1I,IA 


Ie" 
10IJA 


Ie 
0 ldd~A I I 


Ie" 
1 mA 


Collector 
to Collector 


Capacitance 
vs Reverse 


Bias Voltage 


40 


~ 


z 
30 


'"~ 


~ 
20 
, 
Ji 


10 


K:2~ 


T....• 


--.; 


Typical Performance 
Characteristics 
(Continued) 


Collector 
to Collector 
Capacitance 
Emitte"r-Base 
Capacitance 
vs 
Collector·Base 
Capacitance 
vs 
vs Collector-Substrate 
Voltage 
Reverse 
Bias- Voltage 
Reverse 
Bias Vol tag!! 


30 
60 
30 
-vcc"O- 
~~~ 
~ 
~ 
u 
20 
t'" = 


~ 


"- 


20 
z:: 
z 
""" 
z 
U 
- 
'" 
50 
" 
~ 
~ 
...•..... 
~ 
...•...... 
u 


~ 


10 
: 
-- 


'0 
- 
~ 


u 


'0 
0 
10 
20 
30 
'0 
50 
0 
0.1 
0.2 
03 
0.' 
0.5 
06 
0 
10 
20 
30 
'0 
50 


COLLECTOR 
TO SUBSTRATE 
VOL TAGE 
(V) 
REVERSE 
BIAS 
VOLTAGE 
(V) 
REVERSE 
BIAS 
VOL TAGE 
(Vesl 


Collector-Base 
Leakage 'IS 
Collector 
to Collector 
Leakage 
Offset Voltage Long Term 
Temperature 
\IS Temperature 
Stability 
at High Temperature 


100 
100 
'0 
=Vce"20V 


V 
~ 


T): 
125 C 


Ie -' 60"A 


1 


./ 
./ 
Z 
VCE 
: 40V 
'0 
1 


10 
0 
5 
:; 
I 
~ 
~ 
z 
./ 
z 
./ 
~ 
<r 
./ 
<r 
/ - 
<r 
1 
<r 
1 
0 
" 
" 
u 
u 


+20V 
'" 
, 
, 
~ 
j 
./ 
j:i 


~ 


0 


0.1 
> 
-5 
0.1 
~ 


0 
0.01 
0.01 
-10 


25 
50 
15 
100 
125 
25 
50 
15 
100 
125 
0 
200 
.00 
600 
800 
tOaD 


Tj 
- JUNCTION 
Temperature 
( C) 
I) 
- 
JUNCTION 
TEMPERATURE 
( C) 
TIME 
(HAS) 


Emitter-Base 
Log Conformity 
Low 
Frequency 
Noise 
of Differential 
Pair· 


0.5 
_~c.l.oJ 
0.' 
" 
" 
I 
;; 
0.3 


E 
0.2 
;; 


<r 
~ 


: 
1 
I 
0 
0.1 
I 
<r 
<r 
0 
" 
uz 
-0.1 
u 
§ 
" 
-0.2 
~ 
,;..... 


0 


-0.3 
> 


~ llilJ.. 
: 
I 
~ 


-0.4 
.J 
1 
I 


-0.5 
0 
.. 


10-1 
10-' 
10-6 
10-5 
10-4 
10-3 
..... 
"U 
",r· 
: 
I 
I 


Ie 
- 
COLLECTOR 
CURRENT 
(AI 
I 


TIME 
(SEE 
GRAPH) 


·Unit 
must 
be 
in still 
air 
environment 
so that 
Connection 
Diagram 
differential 
lead 
temperature 
is 
held 
to 
less 
than O.OOO3°C. 


Metal Can PackageG 


l' 
b 


3 
\ 


TOPVIEW 


Order 
Number 
LM194H. 
LM394H 
LM394BH 
or LM394CH 
See NS Package H06C 


'?'A National 
~ 
Semiconductor 
Transistorl Diode Arrays 


General 
Description 


The 
LM195/LM295/LM395 
are fast, 
monolithic 
power transistors with 
complete overload protec- 
tion. 
These devices, which act as high gain power 
transistors, 
have included 
on 
the 
chip, current 
limiting, 
power 
limiting, 
and thermal 
overload 
protection 
making 
them 
virtually 
impossible to 
destroy from any type of overload. In the standard 
TO-3 transistor 
power package, the 
LM 195 will 


deliver 
load currents 
in excess of 
1.0A and can 


switch 40V in 500 ns. 


The inclusion 
of 
thermal 
limiting, 
a feature not 
easily available in discrete designs,provides virtually 
absolute 
protection 
against 
overload. 
Excessive 


power 
dissipation 
or 
inadequate 
heat 
sinking 
causes the thermal 
limiting 
circuitry 
to turn 
off 
the 
device 
preventing 
excessive heating. 
Features 
• 
Internal 
thermal 
limiting 


• 
Greater than 1.0A output 
current 


• 
3_0fJA typical 
base current 


• 
500 ns switching 
time 


• 
2.0V saturation 


• 
Base can be driven up to 40V without 
damage 


• 
Directly 
interfaces with 
CMOS or TTL 


• 
100% electrical burn-in 


The LM195 offers a significant increase in reliabil· 
ity aswell as simplifying 
power circuitry. 
In some 


applications, where protection isunusually difficult, 
such as switching 
regulators. 
lamp 
or 
solenoid 
drivers where normal power dissipation is low, the 
LM 195 is especially advantageous. 


The 
LM 195 is easy to use and only 
a few pre- 


cautions need be observed. Excessive collector 
to 
emiller 
voltage can destroy 
the 
LM195 
as with 
any power transistor_ When the device is used as 
an emiller 
follower 
with low source impedance, it 
is necessary to insert a 5.0k resistor in series with 
the base lead to prevent possible emitter 
follower 
oscillations_ Although 
the device is usually stable 
as an emiller 
follower, 
the resistor eliminates the 
possibility 
of trouble 
without 
degrading porform- 
ance. Finally, 
since it 
has good high frequency 
response, supply 
by passing is recommended. 


The LM195/LM295/LM395 
are available in stand- 
ard TO-3 power packages and solid Kovar TO-5. 
The LM195 is rated for operation from -55°C 
to 
+150°C, the LM295 from -25°C 
to +150°C and 
the LM395 from O°C to +125°C. 


LCOllECTOR 


m=?'."" 


EMITTERj 


~8ASE 
---, 


I 
I 
I 
I 
I 
I 
I 
I 


Order Number LM195K. 


LM295K 
or LM395K 
See NS Package 
K02A 
I 
I 
I 
I 
I 
IL 
_ 
Q 


O- 
'MITTER 


2~8ASE 


] 
-COLLECTOR 


CASEISEMlTHR 
BOTTOM 
VIEW 


Order Number LMl95H. 


LM295H or LM395H 
See NS Package H03B 


Collector 
to Emitter 
Voltage 
LM195, 
LM295 


LM395 


Collector 
to Base Voltage 


LM195, 
LM295 


LM395 


Base to Emitter 
Voltage 
(Forward) 


LM195, 
LM295 


LM395 


Base to Emitter 
Voltage 
(Reverse) 


Collector 
Current 


Power 
Dissipation 


Operating 
Temperature 
Range 


LM195 


LM295 


LM395 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


42V 


36V 


20V 
Internally 
Limited 


Internally 
Limited 


-55°C 
to +150°C 


-25°C 
to +150°C 


O°C to +125°C 


-65°C 
to +150°C 


300°C 


LM195. LM295 
LM395 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Collector-Emitter 
Operating 
Voltage 
Ie Sic 
~IMAX 
42 
36 
V 


(Note 
3) 


Base to Emitter 
Breakdown 
Voltage 
o ~ 
VCE 
~ 
VCEMAX 
42 
36 
60 
V 


Collector 
Current 
TO'3. TO·220 
Vce 
~ 
15V 
1.2 
2.2 
1.0 
2.2 
A 


TO·5. TO·202 
VCE 
::; 7.0V 
1.2 
1.8 
1.0 
1.8 
A 


Saturation 
Voltage 
Ie ~ 
1.0A, 
TA = 25°C 
1.8 
2.0 
1.8 
2.2 
V 


Base 
Current 
OSlc 51MAx 
3.0 
5.0 
3.0 
10 
"A 
OSVce 
SVCEMAX 


Quiescent 
Current 
{Io1 
Vbe 
= 0 
2.0 
5.0 
2.0 
10 
mA 
OS 
VCE 
'5 VCEMAX 


Base to Emitter 
Voltage 
Ie = 1.0A, 
TA 
=+2SoC 
0.9 
0.9 
V 


Switching 
Time 
VCE 
= 36V, 
RL 
= 36n., 
500 
500 


TA 
= +2SoC 


Thermal 
Resistance 
Junction 
to 
TO-3 
Package 
2.3 
3.0 
2.3 
3.0 
·CfW 
Case (Note 2) 
TO-S 
Package 
12 
15 
12 
15 
·CfW 


Note 1: Unless otherwise specified, these specifications apply for -5SoC ~ Tj S. +l50°C 
for the LM195, 
-2SoC 
S Tj '5 +150°C 
for the LM29S and O·C ~ +12S·C 
for the LM39S. 


Not8 2: Without 
a heat sink, the thermal resistance of the TO-S 
package is about +lS0°C/W, 
while that of the TO-3 
package 
is +3SoC/W. 


Note 3: 
Selected devices with higher breakdown available. 


Collector Characteristics 
Short Circuit Current 
Bias Current 


2.' 


Vbe! 1.1Z1V 


2.5 
2.' 
I"+25JC_ 


TA'" 
+2SoC 
TO·] 


2.0 
~ 
2.0 
~ 
~ 
2.0 
<'~"" 


TO·] 
•... 


~ 
T -t-~ " 


•... 
z 
w 
;; 
z 
1.6 
'" 
~ 
1.6 
- 
TA' 
_55 


0C 


1 


W 
~~ 
~ 
'" 
~5=- 


.3 
1, 
~ 
" 
1.5 
•... 


f"!.-.~""~./ 


100.... 
U 
TA "+12SoC 
Z 
•... 
w 
1.2 
1.2 
'" 
TA'O' +125°C' 
'" 
";;.-- 
/' 
.... 
~ 
'" 
I 
! 
~ 
"'~ 
1.0 
" 
TAi-55°t/ ~ 
u 
0.8 
U 
~ 
0.8 
.- 
~V-- 
•... 
" 
I 
I 
'" 
a; 
0 
0.5 
0.' 
".6~;;;;;;;;o 
% 
0.' 
I 
~ 
I 
0.600V 


0 
5.0 
10 
15 
20 
25 
30 
35 
0 
5.0 
10 
15 
20 
25 
30 
35 
0 
0.' 
0.8 
1.2 
1.6' 
2.0 


COLLECTOR·EMITTER 
VOL TAGE 
(V) 
COLLECTOR·EMITTER 
VOL TAGE 
(V) 
COLLECTOR 
CURRENT'(A) 


Quiescent Current 
Base Emitter Voltage 
BaS8 
Current 


2.8 
I.' 
1 


1.0 


I 
I 


2.' 
~ 
1.2 
0 
rr 
;; 
~ --r- 
I 
I 
T .•. '" +12SoCI 


.E 


2.0 
; 
u 
-- 
I~ 
;X 
-1.0 
I 
L 
IT .•. ; -SSoC 
•... 
; 
~ 


1.0 
-- 


.3 


Z 
TA'O' +2~oC ~ 
--I-.. -- 


•... 
-2.0 
'" 


Ie; 1.0A i 


I 
.rr-j 
~ 


1.6 


TA"+12~OC 
~ 


0.8 
-r-. -~ 
'" 
- 


-3.0 
-t-- TA ; +ZSoC 
•... 
1.2 
:: 
0.6 
I 
z 


~~5'C 


-4.0 
~ 
~ 
~ 
I 
0.8 
~ 


0.' 
'r"Y' """ 


-5.0 
:; 
T 
.. 
0.' 
0.2 
-6.0 


I 
: 
0 
-7.0 


0 
5.0 
10 
15 
20 
25 
30 
35 
-55 
-35 
-15 
S.O 
25 
'5 
65 
85 
105125 
-0.8 
-0.4 
0 
0.' 
0.8 
1.2 
20 
.0 


COLLECTOR 
VOLTAGE 
(VI 
TEMPERATURE 
fOCI 
BASE EMITTER 
VOL TAGE 
(V) 


Saturation Voltage 
Response Time 
Response Time 


2.5 
'0 
_ 
I 
TA 
S 2S"C 
20 
IT 
TA-r:-.2JC 
- ~-. ~r- 


V'· 
35V" 
~ 
2.0 


'''00_ 
V 
'O'35V 
16 
~ 
---'/ 
~ 
30 - 
~ 


-p 
',..-- 
u 
~ 
. 
' 
/ 
u 
- 
u 
- 
1.5 -r;:-;~/ 
" 
~ 


12 
V+,., 20V 
> 
•... 
I· 'I 
z 
0 
20 
0 
,......,"-TA·m5·C 
> 
;:: 
1.0 
•... 
•... 
8.0 
t ,. : 
~ 
" 
" 
•... 
•... 


" 
10 
" 
~ 
0.5 
0 
0 
'.0 =~rR: 
\ 
V+'O' 10V 
\ 


." 
.. 
~ 
.•.t•••~ 


0 
0 


0 
0.5 
1.0 
1.5 
0 
1.0 
2.0 
3.0 
0 
0.' 
0.8 
1.2 


COLLECTOR 
CURRENT 
IAl 
TlMEwsl 
TIME (Jls) 


~ 
1.6 
•...z 


~ 
1.2 
~ 
~ 
0.8 


o 
0.4 


5 
•...z 


~ 
0.8 
~ 
o•... 


u 
0.4 


o 


~ -200 


~ 
-100 
uzi '0 


~ 
~ 
OJ 


RESET-1 
sw, 


COllECTOR 


·PROTECTS 
AGAINST 
EXCESSIVE 
BASE DRIVE 


"NEEDED 
FOR STABILITY 


C1 
-,--O.l,uF 
C2 
* 
O.Ol,uF 
•• 
510k., 
.5Gk 


v- 


·PREVENTSSTORAGE 
WITH FAST FAll 
TIME SQUARE WAVE DRIVE 


T- Rle 


R2-3Rl 
R2~'2k 


·SIXTVTURNSWOUNOONARNOLOTVP£A·OBJOB12COR£. 


HfOURO£VIC£SIN'ARAUU 


'SOlIOTANTAlUM 


~Nalional 
~ 
Semiconductor 


LM3045, LM3046, LM3086 Transistor Arrays 


The LM3045, 
LM3046, 
and LM3086 
each consist 


of five general purpose silicon 
NPN transistors on 


a common 
monolithic 
substrate. Two of the tran- 


sistors are internally 
connected 
to form 
a differ- 
entially-connected 
pair. 
The transistors 
are well 


suited 
to 
a wide 
variety 
of 
applications 
in low 


power system in the DC through VH F range. They 
may be used as discrete transistors in conventional 
circuits 
however, 
in 
addition, 
they 
provide 
the 


very significant 
inherent 
integrated 
circuit 
advan- 
tages of close electrical and thermal matchin~. The 


LM3045 
is supplied in a 14-lead cavity dual-in-line 


package rated for operation 
over the full 
military 
temperature 
range. The LM3046 and LM3086 are 


electrically 
identical 
to 
the 
LM3045 
but 
are 


supplied 
in a 14-lead molded dual-in-line 
package 
for 
applications 
requiring 
only 
a limited 
temper- 


ature range. 


• 
Two matched pairs of transistors 
VSE 
matched ±5 mV 


Input offset current 2j1A max at Ie = 1 mA 


• 
Five general purpose monolithic 
transistors 


• 
Operation 
from 
DC to 
120 MHz 


• 
Wide operating 
current 
range 


• 
Low noise figure 
3.2 dB typ at 1 kHz 


• 
Full military 
temperature 
range (LM3045) 
-55°C 
to +125°C 


• 
General 
use in all types 
of 
signal processing 


systems operating 
anywhere 
in the frequency 


range from DC to VHF 
• 
Custom designed differential 
amplifiers 


• 
Temperature compensated amplifiers 


Order Number 
LM3045J 
See NS Package J14A 


Order Number 
LM3046N 
or LM3086N 
See NS Package N14A 


Each 


Transistor 


Total 


Package 


Each 


Transistor 


Total 


Package 


Power 
Dissipation: 


T A = 25°C 


T A = 25°C 
to 
55°C 


TA > 
55°C 


T A = 25°C 
to 
75°C 


TA>75°C 


Collector 
to 
Emitter 
Voltage, 
V CEO 


Collector 
to Base 
Voltage, 
VeBo 


Collector 
to Substrate 
Voltage, 
Velo 
(Note 
1) 


Emitter 
to 
Base 
Voltage, 
VEBO 


Collector 
Current, 
Ie 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


Lead 
Temperature 
(Soldering, 
10 see) 


300 
750 


300 
750 


Derate 
at 6.67 


mW 


mW 


mWfC 


mW 


mWfC 
V 


V 


V 
V 
mA 


300 
750 


Derate 
at 8 


15 
20 
20 
5 
50 


-55°C 
to +125°C 


~5°C 
to +150°C 


300 


15 
20 
20 
5 
50 


-40°C 
to 
+85°C 


~5°C 
to 
+85°C 


300 


Electrical 
Characteristics 
(T A = 25°C 
unless 
otherwise 
specified) 


LIMITS 
LIMITS 


PARAMETER 
CONOITIONS 
LM3045, LM3046 
LM3086 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Collector 
to Base Breakdown 
Voltage 
(VIBAICBO) 
Ic"'lOjJA.le=O 
20 
60 
20 
60 
V 


Collector 
to Emitter 
Breakdown 
Voltage 
(VIBAICEO) 
Ie '" 1 mA. 
IB '" a 
15 
24 
15 
24 
V 


Collector 
to Substrate 
Breakdown 
Voltage 


Ie'" 
lOIJA, lei'" 
0 
20 
60 
20 
60 
V 
(V(BRICIO) 


Emitter 
to Base Breakdown 
Voltage 
(VIBRIEBOl 
Ie = 10/-lA, 
Ie = 0 
5 
7 
5 
7 
V 


Collector 
Cutoff 
Current 
(leBol 
Ves= 
10V, 
Ie '" 0 
.002 
40 
.002 
'00 
nA 


Collector 
Cutoff 
Current 
(IeEe) 
VCE 
= lOV, Ie = 0 
.5 
5 
~A 


Static 
Forward 
Current 
Transfer 
Ratio 
(Static 
\'c.,omA 
100 
100 


Beta) (hFE) 
VCE'" 
3V 
Ie = 1 mA 
40 
100 
40 
100 


Ie 
= lOJ.LA 
54 
54 


Input 
Offset 
Current 
for Matched 
Pair 01 
and O2 
Vce=3V,lc=lmA 
.3 
2 
~A 
1/01 
~ '1021 


Base to Emitter 
Voltage 
IV BE) 
V 
= 3V 
{Ie 
= 1 mA 
.715 
.715 
V 
CE 
IE'" 
lOmA 
.800 
.800 


Magnitude 
of Input 
Offset 
Voltage 
for 


VcE"'3V,lc"'lmA 
.45 
5 
mV 


Differential 
Pair 
IVBE1 
- 
VBE21 


Magnitude 
of Input 
Offset 
Voltage 
for 
Isolated 


Transistors 
IVBE3 
- 
VBE41, 
IVBE4 
- 
VBESI, 
VcE""3V,lc=lmA 
.45 
5 
mV 


IVBE5 
- 
VBE31 


Temperature 
Coefficient 
of Base to Emitter 


Voltage 
(6:;,) 
VcE""3V,lc"" 
1 mA 
-1.9 
-1.9 
mVt'C 


Collector 
to Emitter 
Saturation 
Voltage 
(VCEISATd 
le= 
1 mA,lc= 
lOmA 
.23 
.23 
V 


Temperature 
Coefficient 
of Input 
Offset 


Voltage 
(66V;O) 
Vce=3V,lc= 
1 mA 
1.1 
~vt'e 


Note 
1: 
The collector of each transistor of the LM3045, 
LM3046. 
and LM3086 
is isolated from the substrate by an integral 
diode. The substrate (terminal 
13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor action. 


co 
co 
0 
Electrical Characteristics 
(Continued) 
C") 
:E 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
...J 


f = 1 kHz, VCE = 3V, Ic = 100~A 
ui 


Low Frequency 
Noise Figure (NFl 
Rs = 1 krl 
3.25 
dB 
-.:r 
Low Frequency. 
Small Signal 
Equivalent 
Circuit 
Characteristics: 


~ 


Forward Current Transfer Ratio 
(hfel 
110 I LM3045, 
LM30461 
:E 


ILM3086) 


Short 
Circuit 
Input 
Impedance 
(h,.) 
3.5 
krl 
...J 
f 
0:= 1 kHz, VCE = 3V, Ie = 1 mA 


,u.mho 
Open Circuit 
Output 
Impedance 
(hoe> 
15.6 


'4 


Open Circuit 
Reverse 
Voltage 
Transfer 
Ratio 
(hre) 
1.8xl0-4 


0 
Admittance 
Characteristics: 


C") 
Forward 
Transfer 
Admittance 
IV,.) 
31 - j 1.5 
:E 
Input 
Admittance 
(Yi.) 
O.3+j 0.04 
...J 
f = 1 MHz, VCE = 3V, Ie = 1 mA 


O.OOHj 
0.03 
Output 
Admittance 
(yo.) 


Reverse 
Transfer 
Admittance 
lYre) 
See curve 


Gain Bandwidth 
Product (fTI 
Vce= 
3V, Ie::: 3 mA 
300 
550 


Emitter 
to Base Capacitance 
(CES) 
VEB=3V,le=O 
.6 
pF 


Collector 
to Base Capacitance (Cce) 
VcB=3V,lc""O 
.58 
pF 


Collector 
to Substrate 
Capacitance 
(Cel) 
Vcs""3V,lc""Q 
2.8 
pF 


Typical 
Collector 
To Base 
Cutoff 
Current 
vs Ambient 
Temperature 
for Each 
Transistor 
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Collector 
To Emitter 
Cutoff 
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vs Ambient 
Temperature 
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Transistor 
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o 


Typical 
Input 
Offset 
Current 
for Matched 
Transistor 
Pair 
0, 
02 vs Collector 
Current 


10 
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Ie - 
COLLECTOR 
(mA) 


Typical 
Static 
Forward 
Current-Transfer 
Ratio and 
Beta Ratio for Transistors 
0, 
and 02 
vs Emitter 
Current 
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Typical 
Static 
Base To Emitter 
Voltage 
Characteristic 
and Input 
Offset 
Voltage 
for Differential 
Pair and Paired 
Isolated 
Transistors 
vs Emitter 
Curreht 
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IE - 
EMITTER (mA) 


Typical 
Base To Emitter 
Voltage 
Characteristic 
for 
Each Transistor 
vs Ambient 
Temperature 
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.9 
'" 
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~ 
.7 


~ 
.6 


Typical 
Input 
Offset 
Voltage 


Characteristics 
for Differential 
Pair and Paired 
Isolated 
Transistors 
vs Ambient 
Temperature 
Typical 
Noise Figure 
vs 


Collector 
Current 


30 


VCE '" JV 


25 
Rs '" 500n 
TA = 25°C 
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g; 
15 
"•• 
.; 
~ 
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Ic - COLLECTOR 
(mAl 


Typical 
Normalized 
Forward 


Current 
Transfer 
Ratio, 
Short 


Circuit 
Input 
Impedance, 


Open Circuit 
Output 
Impedance, 


and Open Circuit 
Reverse 


Voltage 
Transfer 
Ratio 
vs 


Collector 
Current 


Typical 
Forward 
Transfer 
Typical 
Input 
Admittance 
Typical 
Output 
Admittance 
'" 
Admittance 
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.0 IT 
~ 
6 
6 
c:- 


Z 
TA '" 25 C 
TA = 25"C 
'" 
TA 
'" 25 C 
'"... - 
•.. 
F= 
K 
~C~;~~ 
~~ 


VCE =JV 
0_ 
VCE =3V 
_ 
u 
g 
30 
5 
~! 5 
- 
~~ 
Ic =1 mA 
Ie = 1 mA 
o E 
u E 
z E 
~.s 
Z E 
~.s 
20 
l- 
I- 
"'- 
• 
• 
- 
c- 
u~ 
t;~ I 


~~ 
~~ 
~z 


~ 


Oz 
-·'1 
~~ 
10 
l- 
I- 
0", 
3 
z", 
3 
- 
I- 
z •.. 
0 
•.• 
z~ 
3~ 
u~ 
:~ 
... ~ 
•.•u 
~u 
... ~ 
0 
ffi 


~ 


I- 
~~ 
2 
~~ 
2 
'- 
f- 
~~ 
~~ 
... ~ 
Z~ 
~~ 


IFJII 


'" 
I 
I 
t 


° 


I 
I 
;0: 
, 
-10 
l- 
t"-< 
I 
• 
1 
I 
1 
- 
f- 
~~ 
.; ~- 
J.d' 


I 
-20 
'- 
L- 
0 
- 
0 
- 
~ 
~ 
;, 
.1 
1 
10 
100 
.1 
1 
10 
100 
.1 
1 
10 
100 


f - 
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Typical 
Noise 
Figure 
vs 
Collector 
Current 
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Typical 
Reverse 
Transfer 
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Admittance 
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~National 
~ 
Semiconductor 
Transistorl Diode Arrays 


LM3146 High Voltage Transistor Array 


General Description 


The LM3146 consists of five high voltage general pur- 
pose silicon NPN transistors 
on a common 
monolithic 


substrate. 
Two 
of the transistors 
are internally 
con-- 


neeted 
to 
form 
a differentially-connected 
pair. 
The 


transistors 
are well suited 
to a wide variety of appli- 


cations 
in low power system 
in the dc through 
VHF 


range. 
They 
may 
be 
used 
as discrete 
transistors 
in 


conventional 
circuits 
however, 
in addition, 
they 
pro- 


vide 
the 
very 
significant 
inherent 
integrated 
circuit 


advantages 
of close electrical 
and 
thermal 
matching. 


The 
LM3146 is supplied 
in a 14-lead molded dual-in- 


line package for applications 
requiring 
only a limited 


temperature 
range. 


• 
High 
voltage 
matched 
pairs 
of 
transistors, 
VBE 
matched 
±S mV, input 
offset 
current 
2J1A max at 


Ie = 1 mA 
• 
Five general purpose 
monolithic 
transistors 


• 
Operation 
from dc to 120 MHz 


• 
Wide operating 
current 
range 
• 
Low noise figure 
3.2 dB typ at 1 kHz 


• 
General use in all types of signal processing systems 
operating anywhere in the frequency range from dc to 
VHF 
• 
Custom designed differential amplifiers 
• 
Temperature 
compensated 
amplifiers 


Power Dissipation: Each Transistor 
TA = 25°C to 55°C 
TA > 55°C 
Power Dissipation: Total Package 
TA = 25°C 
TA > 25°C 
Collector to Emitter Voltage, VCEO 
Collector to Base Voltage, VCBO 
Collector to Substrate Voltage, VCIO (Note 1) 
Emitter to Base Voltage, V EBO 
(Note 2) 
Collector Current, Ic 
Operating Temperature 
Range 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 10 seconds) 


300 
Derate at 6.67 


500 
Derate at 6.67 
30 
40 
40 


5 
50 
-40 to +85 
-65 to +150 
300 


mW 
mWfC 


mW 
mWfC 


V 


V 


V 


V 


mA 
°c 
°c 
°c 


LIMITS 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 


Collector 
to Base Breakdown 
'c = 10pA, 
IE = 0 
40 
72 
V 


Voltage 
(VISA) ceo) 


Collector 
to Emitter 
Breakdown 
'c = 1 mA, 'B = 0 
30 
56 
V 


Voltage 
(V1BR}CEO) 


Collector 
to Substrate Breakdown 
'CI = 10pA, 
'B = 0, 
40 
72 
V 


Voltage 
(VCBRICIO) 
IE = 0 


Emitter to Base Breakdown 
Voltage 
'c=O,IE=lOJ.lA 
5 
7 
V 


(V'BR)EBOI 
(Note 2) 


Collector 
Cutoff 
Current (leBo) 
VCB = 10V, IE = 0 
0.002 
100 
nA 


Collector 
Cutoff 
Current 
(ICEO) 
VCE = 10V, 'B = 0 
(Note 3) 
5 
J.lA 


Static Forward 
Current 
Transfer 
'c = 10 mA, V CE = 5V 
B5 


Ratio (Static 
Beta) (hFE I 
'c = 1 mA, VCE = 5V 
30 
100 


'c = 10J.iA, VCE = 5V 
90 


Input Offset Current 
for Matched 
le1 = IC2 = 1 mA, 
0.3 
2 
J.lA 


Pair Ql 
and Q2 liB' 
- 
IB21 
VCE = 5V 


Base to Emitter 
Voltage 
(V BE) 
'c = 1 mA, VCE =3V 
0.63 
0.73 
0.B3 
V 


Magnitude of Input Offset Voltage 
VCE = 5V, 'E = 1 mA 
O.4B 
5 
mV 


for Differential 
Pair IVSE1 
- 
VSE21 


Temperature 
Coefficient 
of Base 
VCE = 5V, IE = 1 mA 
-1.9 
mVfC 
to Emitter 
Voltage 
(L'.VBE/L'.TI 


Collector 
to Emitter 
Saturation 
'c = 10 mA, 'B = 1 mA 
0.33 
V 


Voltage 
(VCE1SATll 


Temperature 
Coefficient 
of Input 
'c = 1 mA, V CE = 5V 
1.1 
J.lVfC 


Offset Voltage 
(L'.VlO/L'.TI 


Note 
1: 
The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between 
transistors, the substrate terminal 
should be maintained at either dc or signal (acl ground. A suitable bypass capacitor can be 


used to establish a signal ground. 
Note 2: 
If the transistors are forced into zener breakdown 
(V(BR)EBOI, 
degradation of forward transfer current ratio (hFE) can occur. 


Note 3: 
See curve. 


AC Electrical 
Characteristics 


LIMITS 
UNITS 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 


Low Frequency Noise Figure (NFl 
f= 
1 kHz, VCE = 5V, 
3.25 
dB 
Ic = 100!'A, 
Rs = 1 kD 


Gain Bandwidth 
Product (fT) 
VCE = 5V, Ic = 3 mA 
300 
500 
MHz 


Emitter to Base Capacitance (CEB) 
VEB = 5V, IE = 0 
0.70 
pF 


Collector to Base Capacitance (CCB) 
VcB=5V,lc=0 
0.37 
pF 


Collector to Substrate Capacitance 
VCI = 5V, Ic = 0 
2.2 
pF 


(Cc,) 


LOW FREQUENCY, 
SMALL 
SIGNAL 
EQUIVALENT 
CIRCUIT 
CHARACTERISTICS 


Forward Current Transfer Ratio (h'e l 
f= 
1 kHz, VCE = 3V, 
100 
Ic = 1 mA 


Short Circuit 
Input 
Impedance (hie) 
f= 
1 kHz, VCE = 3V, 
3.5 
kD 
Ic = 1 mA 


Open Circuit Output 
Impedance (hoe) 
f= 
1 kHz, VCE = 3V, 
15.6 
!,mho 


Ic = 1 mA 


Open Circuit 
Reverse Voltage 
f= 
1 kHz, VCE = 3V, 
1.8 x 


Transfer Ratio (h,e) 
Ic = 1 mA 
10-4 


ADMITTANCE 
CHARACTERISTICS 


Forward Transfer Admittance 
(Y'e) 
f= 
1 MHz, VCE = 3V, 
31 - 
mmho 


Ic = 1 mA 
j 1.5 


Input Admittance 
(Y ie) 
f= 
1 MHz, VCE = 3V, 
0.3+ 
mmho 
Ic = 1 mA 
j 0.04 


Output 
Admittance 
(Yoe) 
f= 
1 MHz, VCE = 3V, 
0.001 + 
mmho 
Ic = 1 mA 
j 0.03 


Reverse Transfer Admittance 
(Y,e) 
f=lMHz,VcE=3V, 
(Note 3) 
mmho 


Ic = 1 mA 


Note 1: The collector 
of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 


more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling 
between transistors, the substrate terminal should be maintained at either de or signal (ael ground. A suitable bypass capacitor can be 


used to establish a signal ground. 


Note 2: 
If the transistors are forced into zener breakdown (V(BR)EBO), 
degradation of forward transfer current ratio (hFE) can occur. 


Note 3: Seecurve. 
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Speech Synthesis Expansion Module 


• 
BLX bus-compatible 110expansion 


• 
Speech synthesis based on 
DIGITALKERTM 


• 
Large vocabulary adequate for most 
applications 


• 
On-board filter and half-watt amplifier 


• 
Simple operation for user 
• I/O write with word/sound address 
• Interrupt asserted when complete 


• 
BLX bus on-board expansion elimates 
Multibus™ system bus latency and 
increases system throughput 


Product Overview 


The BLX-281 Speech Synthesis 
Expansion 
Module 


is a member of the new line of BLX bus-compatible 
expansion 
module 
products 
from 
National 
Semi- 


conductor 
Corporation. 
The BLX-281 plugs directly 


into any BLX bus-compatible 
host board offering 


low 
cost 
incremental 
on-board 
expansion. 
As a 


result, any BLX bus-compatible 
host board may be 


given the ability 
to "speak". 
By merely 
adding 
a 


speaker to a system containing 
the BLX-281, many 


users 
can do away 
with 
CRTs, printers, 
rows of 


LEOs, or 
similar 
communications 
devices. 
This 


lowers 
the 
cost 
of 
most 
systems, 
and 
has 
the 


added 
benefit 
of 
removing 
messages 
which 
are 


potentially 
ambiguous 
and hard-to-understand 
for 


untrained 
users. The BLX-281 contains 
144 words, 
sounds, 
tones, 
and durations 
of silence, 
each of 


which 
has a unique address. 
A table of addresses 


(desired words/sounds) 
is built, and passed to the 


BLX-281. 
An on-board 
filter 
and amplifier 
provide 


the actual 
speech 
signal 
to a standard 
miniature 


phone jack. The BLX module 
is closely 
coupled 
to 


the host board through 
the BLX bus, and as such, 
offers 
maximum 
on-board 
performance, 
and frees 


Multibus 
system traffic 
for other system resources. 
Incremental 
power dissipation 
is minimal, 
requiring 


only 3.7 watts. 


Functional Description 


The BLX-281 Speech Synthesis 
Expansion 
Module 


uses the 
MM54104 Speech 
Processor 
Chip 
from 


National 
Semiconductor 
Corporation. 
The digitized 


and compressed 
speech data are contained 
in an 


MM52164 Maxi-ROM. The system software 
commu- 


nicates with the BLX-281 across the BLX bus using 
I/O read/write 
commands. 


Vocabulary 


The 
standard 
vocabulary 
set 
offered 
on 
the 


BLX-281 
is 
shown 
in 
Table 
I, along 
with 
the 


assigned 
addresses 
for each item. 
By combining 


the appropriate 
words, sounds, 
tones, and silence 


durations, 
speech 
can 
be 
generated 
to 
satisfy 


many applications. 


Words required, 
but not found in the table, can fre- 


quently 
be built. 
Examples 
of this 
are: combine 


"RE" 
with 
"SET" 
for 
"RESET", 
or 
combine 
"DEGREE" 
with "SS" 
for "DEGREES". 


In normal 
human speech, the brain puts durations 


of silence between the words to make the sentence 
flow smoothly. 
This is provided 
for in the BLX-281 


(see Table 
I). A suggestion 
for 
improved 
phrase 


quality 
is to insert 80 milliseconds 
of silence 
prior 


The "voice" 
output 
of the BLX-281 
is a highly 
intel- 


ligible, 
male 
voice. 
If another 
voice 
is required, 
or 


the application 
is non-English, 
or involves 
unusual 


terminology, 
any voice can be processed 
for use on 


the BLX-281 
by the factory. 


Host Interface 


The BLX bus-eompatible 
host 
board 
merely 
passes 


the address of the desired word/sound 
to the BLX-281 
Speech Synthesis 
Expansion 
Module via an I/O write. 
When the operation 
is complete, 
an interrupt 
is gen- 


erated. This informs 
the host of the end of the speech 


Interrupt Requests 


There is one interrupt 
line from the Speech 
Proces- 
sor Chip that 
generates 
an interrupt 
request 
to the 
host CPU. It is active 
on completion 
of each speech 
sequence. 
It is cleared 
by an I/O read to the BLX-281. 


Installation 


The BLX-281 
module 
plugs directly 
into either of the 
female 
BLX connectors 
on the host board. The mod- 


ule is then secured at one additional 
point with nylon 
hardware 
to insure 
the 
mechanical 
security 
of the 
assembly 
(see Figures 
1 and 2). 


BLX-281 
--- 
EXPANSION 
MODULE 


HOST BOARD 
/ 


Table I. Master Word List 


8·Blt Binary 
8·Blt Binary 
8·Blt Binary 
Word 
Address 
Word 
Address 
Word 
Address 


Blt7 
Bit 0 
Bit 7 
Bit 0 
Blt7 
Bit 0 


THIS IS DIGITALKER 
00000000 
Q 
00110000 
IS 
01100000 
ONE 
00000001 
R 
00110001 
IT 
01100001 
TWO 
00000010 
S 
00110010 
KILO 
01100010 
THREE 
00000011 
T 
00110011 
LEFT 
01100011 
FOUR 
00000100 
U 
00110100 
LESS 
01100100 
FIVE 
00000101 
V 
00110101 
LESSER 
01100101 
SIX 
00000110 
W 
00110110 
LIMIT 
01100110 
SEVEN 
00000111 
X 
00110111 
LOW 
01100111 
EIGHT 
00001000 
Y 
00111000 
LOWER 
01101000 
NINE 
00001001 
Z 
00111001 
MARK 
01101001 
TEN 
00001010 
AGAIN 
00111010 
METER 
01101010 
ELEVEN 
00001011 
AMPERE 
001 
1 101 
1 
MILE 
01101011 
TWELVE 
00001100 
AND 
00111100 
MILLI 
01101100 
THIRTEEN 
00001101 
AT 
00111101 
MINUS 
01101101 
FOURTEEN 
00001110 
CANCEL 
00111110 
MINUTE 
01101110 
FIFTEEN 
00001111 
CASE 
00111111 
NEAR 
01101111 
SIXTEEN 
00010000 
CENT 
01000000 
NUMBER 
01110000 
SEVENTEEN 
00010001 
400Hz TONE 
01000001 
OF 
01110001 
EIGHTEEN 
00010010 
80Hz TONE 
01000010 
OFF 
01110010 
NINETEEN 
00010011 
20ms SILENCE 
01000011 
ON 
01110011 
TWENTY 
00010100 
40ms SILENCE 
01000100 
OUT 
01110100 
THIRTY 
00010101 
80ms SILENCE 
01000101 
OVER 
01110101 
FORTY 
00010110 
160ms SILENCE 
01000110 
PARENTHESIS 
01110110 
FIFTY 
00010111 
320ms SILENCE 
01000111 
PERCENT 
01110111 


SIXTY 
00011000 
CENTI 
01001000 
PLEASE 
01111000 
SEVENTY 
00011001 
CHECK 
01001001 
PLUS 
01111001 
EIGHTY 
00011010 
COMMA 
01001010 
POINT 
01111010 
NINETY 
00011011 
CONTROL 
01001011 
POUND 
01111011 
HUNDRED 
00011100 
DANGER 
01001100 
PULSES 
01111100 
THOUSAND 
00011101 
DEGREE 
01001101 
RATE 
01111101 
MILLION 
00011110 
DOLLAR 
01001110 
RE 
01111110 
ZERO 
00011111 
DOWN 
01001111 
READY 
01111111 
A 
00100000 
EQUAL 
01010000 
RIGHT 
10000000 
B 
00100001 
ERROR 
01010001 
SS 
10000001 
C 
00100010 
FEET 
01010010 
SECOND 
10000010 
D 
00100011 
FLOW 
01010011 
SET 
10000011 
E 
00100100 
FUEL 
01010100 
SPACE 
10000100 
F 
00100101 
GALLON 
01010101 
SPEED 
10000101 
G 
00100110 
GO 
01010110 
STAR 
10000110 
H 
00100111 
GRAM 
01010111 
START 
10000111 


I 
00101000 
GREAT 
01011000 
STOP 
10001000 
J 
00101001 
GREATER 
0101 
1001 
THAN 
10001001 
K 
00101010 
HAVE 
01011010 
THE 
10001010 
L 
00101011 
HIGH 
01011011 
TIME 
10001011 
M 
00101100 
HIGHER 
01011100 
TRY 
10001100 
N 
00101101 
HOUR 
01011101 
UP 
10001101 
0 
00101110 
IN 
01011110 
VOLT 
10001110 
P 
00101111 
INCHES 
01011111 
WEIGHT 
10001111 


Note: Address 8FH is the last legal address in this word list. Exceeding address 8FH will produce pieces of unintelligible, 
invalid speech data. 


T 
"T' 


Specifications 


Word Size 


Data - 
8 bits 


Function 
Type 01 
BLX Connector 
Operation 
Port Address 


Data 
Transfer 
Write 
XO-XF 
Interrupt 
Clear 
Read 
XO-XF 


Note: The port addresses are determined on the 
host BLC microcomputer. Refer to the Hardware 
Reference Manual for your host BLC microcompu· 
ter to determine the first digit (X)of the connector 
port address. 


Vocabulary 
- 


Interrupts 
- 


See Table 
I 


One interrupt 
request 
at end of 
speech 
sequence 


BLX Bus - 
All signals 
TTL 
compatible 
Speaker 
Port - 
V.W audio 
signal 


into 4-8Q 


Speaker 
Port 


Connector 
- 


Height: 
2.85 in. (7.24cm) 


Width: 
3.70 in. (9.40cm) 


Depth 
BLX-281 
Module 


0.80 in. (2.04cm) 


BLX-281 
Module 
+ Host 
Board 


1.13 in. (2.86cm) 


Weight: 
1.7 oz. (48gm) 


Electrical 
+5 VDC ± 5% 
@ 385 mA 


+12VDC±5% 
@ 150mA 


Environmental 
Operating 
Temperature: 
O·Cto 55·C 
Relative 
Humidity: 
0% to 90%, 
non-eondensing 


Ordering Information 


BLX-281 
Speech 
Synthesis 
Expansion 


Module 


Documentation 


420306414-001 
BLX-281 
Speech 
Synthesis 


Expansion 
Module 
User's 
Manual 


"The 
recipient 
of these 
products 
automatically 
receives 
a non-ekclusive 
license 
under 
U.S. Patent 
Application 
432,859 and any patent 
or patents 
issuing 
thereon 
to use 


such 
products, 
to assemble 
or otherwise 
incorporate 
them into further 
products 
which 
may be covered 
by said palent 
application, 
or any palent 
or patents 
issuing 


thereon, 
and to use, sell, 
or otherwise 
dispose 
of such 
products'~ 


Protected 
by U.S. Pat. No. 4124125, EM. 
Mozer 
licenses 
available. 


~National 
~ 
Semiconductor 
DIG ITALKER ™ Speech Synthesis 


DT1000 DIGITALKER™ Speech Synthesis Evaluation Board 


The DIGITALKER™ 
(DT1000) speech 
synthesis 
evaluation 
board 
is an extremely 
easy to use device 
for understand- 
ing the operation 
and application 
of the DIGITALKER 
chip 
set in an end product. 


The DT1000 contains 
all components 
required 
to output 
speech 
upon 
demand: 
a speech 
processor 
chip 
(SPC), 2 
MAXI·ROMs<!l 
containing 
138 
individual 
words, 
linear 
filter, 
audio 
amplifier, 
keyboard, 
and a COPS ™ microcon- 
troller 
complete 
with 
stored 
data 
programmed 
to provide 


the various 
functions 
on the board. The only external 
hard- 
ware required 
for complete 
operation 
are a single 
7V-11V 
power 
supply, 
a speaker 
of your choice 
for size and quali- 


ty, and this 
instruction 
sheet. 


The 2 speech 
MAXI·ROMs 
employed 
on the board 
contain 
a brief 
introductory 
phrase, 
138 separate 
and 
individual 
words 
consisting 
of numbers 
and letters 
of the alphabet, 


assorted 
useful 
nouns, 
verbs and tones; 
and 5 different 
in- 
dividual 
silence 
durations. 
(In constructing 
a phrase, 
dif- 


ferent 
silence 
durations 
between 
different 
words 


significantly 
affect 
the overall 
quality 
of the phrase.) 


A COPS program 
is provided 
which 
permits 
the user to: 1) 


sequentially 
output 
each 
word 
automatically; 
2) repeat 


any desired 
word; 
3) bui ld and store several 
short 
phrases 


for outputting 
when desired; 
4) output 
a "canned" 
phrase 


which 
permits 
insertions 
and changing 
of a word 
in the 


phrase; 
5) playa 
simple 
game 
which 
requires 
some 
in- 


teraction 
between 
the keyboard 
and the user; 
and 6) out- 


put hex equivalent 
decimal 
number 
inputs. 


• 
Only 
a single 
7V-11V 
power 
supply 
and 
inexpensive 


loudspeaker 
required 
for totai 
operation 


• 
138 individually 
addressable 
words, 
applicable 
to many 


products 


• 
Programmed 
COPS processor 
permits 
6 individual 
pro- 


gram 
modes 


• 
Demonstrates 
the 
extreme 
flexibility 
and 
ease 
of 


application 
of the DIGITALKER 
chip 
set 


• 
1/2 watt 
audio 
amplifier 
on-board 


• 
Edge 
connector 
facilitates 
tying 
in to 
external 
proc- 


essor 
system 
(3M Company 
connector 
part 
number 


#3415) 


MAXI·ROM 
is a registered 
trademark 
of National 
Semiconductor 
Corp. 


DIGITALKERTM 
and COPSTM 
are trademarks 
01 National 
Semiconductor 
Corp. 


"The 
recipient 
of these 
products 
automatically 
receives 
a non-exclusive 
license 


under U.S. Patenl 
Application 
432,859 and any patent 
or patents 
issuing 
thereon 
to 
use such 
products, 
10 assemble 
or otherWise 
incorporate 
them 
into 
further 
prod· 


ucts which 
may be covered by said patent 
application, 
or any palent 
or patents 


issuing 
thereon, 
and to use, sell, or otherwise 
dispose 
of such 
products" 


Protected 
by U.S. Pat. No. 4124125, F.M. Mozer licenses 
available. 


Symbol 


Voo' 


100 


Supply 
Voltage 


Supply 
Current 


Amplifier 
Output 


Vss=OV 


Voo=11V 


Voo= 
11V, 80 


Voo=9V,80 


* Important! Voo must be regulated! 


All pin connections, 
except for speaker out, and power supply, are TIL compatible. 


INSTRUCTIONS 
FOR USE 


In any case, plus 7V to 11V direct 
current 
and ground 
must 


be brought 
to the respective 
pins on the edge connector 
of 


the DT1000 board. 
See Figure 
1. 


BASIC 
MODE 
OPERATIONS 


1. Power Up Mode. 
At power up, the DT1000 will say "This 


is DIGITALKER". 
You can make it repeat 
this phrase 
by 


depressing 
[AJ . Further 
depressions 
of [AJ will 
repeat 


the same 
phrase 
until 
a new word 
address 
is entered. 


From 
the 
DT1000 master 
word 
list (Table 
I) select 
the 


3-digit 
address 
of the next word desired. 
The new word 


can be outputted 
simply 
by keying 
in its 3-digit 
address 


and 
ending 
with 
an [AJ key depression. 
For example, 


the word 
"pound" 
will 
be spoken 
as a result 
of key se- 


quence 
[jJ , [gJ , ~ 
, [AJ . 
Additional 
depressions 


of 
A 
will 
repeat 
the word 
"pound". 
To output 
a new 


word, 
repeat 
the above 
sequence. 


If a mistake 
is made in the address 
entry of the desired 


word, simply 
continue 
to key in the correct 
address. 
The 


DT1000 only remembers 
the last 3 address 
digits 
keyed 


prior 
to depression 
of the [AJ key. For example, 
if the 


desired 
word 
is "pound" 
and 
keys [jJ , [gJ ,[gJ 
were 


depressed, 
simply 
rekey 
the 
proper 
address 
followed 


by the [AJ key as shown 
[jJ , [gJ , ~ 
, [AJ . 


In this 
Power 
Up Mode 
the lliJ key will 
advance 
to the 


next 
sequential 
word 
in the 
DT1000 master 
word 
list, 


one word per depression, 
starting 
with the next sequen- 


tial word after the word selected 
by the entry sequence 


shown 
above. 
Continued 
depressions 
of lliJ 
will manually 
sequence 
through 
the complete 
word list, 


wrapping 
around 
from 
address 
143 to address 
000 and 


ending 
up at the 
first 
word 
in the 
sequence. 
Depres- 


sions 
of the [AJ key will 
take 
the 
DT1000 back 
to the 


starting 
word 
and 
address 
inputted 
via the 
entry 
se- 


quence 
shown 
above. 
Additional 
depressions 
of 


the lliJ key 
would 
then 
sequence 
from 
that 
address 


again. 
Should 
a different 
start 
word 
be desired, 
you 


must 
enter 
the 
respective 
address 
of that 
word 
as is 


shown 
in the above sequence. 


Min 
Typ 
Max 
Units 


7.0 
11.0 
V 


0.6 
A 


0.55 
W 


0.50 
W 


The DT1000 has 144 legal address 
locations, 
these 
are 
shown 
in the Master 
Word 
List as being 
addresses 
000 
through 
143. If an address 
of 144 through 
199 is inad- 


vertently 
keyed in, a response 
of "Please 
Try Again" 
will 
be outputted. 
Addresses 
200 and up will put the DT1000 
into 
various 
operating 
modes 
as 
explained 
in 
paragraphs 
2 through 
7. 


2. Auto 
Repeat/Auto 
Cycle Mode. 
The Auto 
Repeat/Cycle 
Mode 
is entered 
by depressing 
[gJ [Q] [Q] and 
either 
the [AJ or lliJ key. An additional 
depression 
of [AJ will 
start 
an automatic 
repeating 
cycle 
of some 
word 
and 
address, 
until 
the [AJ key 
is 
depressed 
and 
held 
momentarily. 
Depression 
of the lliJ key will 
start 
the 
automatic 
sequential 
cycling 
through 
the 
complete 
word 
list, 
beginning 
with 
the 
last 
word 
that 
was 
out- 


putted 
in either 
the Auto 
Repeat 
or Auto 
Cycle 
Mode. 


The 
sequential 
cycling 
will 
automatically 
continue 
through 
the 
entire 
word 
list, 
wrapping 
around 
from 
address 
143 to address 
000 each 
time 
until 
the [AJ or 
lliJ key is depressed 
and 
held 
momentarily. 
When 
in 
this mode you can choose 
a new starting 
word byenter- 


ing its respective 
address 
and keying 
either 
the [AJ or 
lliJ keys. 


3. 
Decimal 
to 
Hex 
Conversion 
Mode. 
Key 
sequence 
~ 
[Q] [Q] [AJ (or lliJ ) will 
put the DT1000 into a mode 
where 
it will 
automatically 
convert 
a decimal 
address 
into its hexadecimal 
equivalent. 
Once in this mode, key 
in the decimal 
address 
desired 
from 
the master 
word 
list, and depress 
the [AJ key twice. 
The respective 
word 
will 
be spoken 
on the first 
depression 
of [AJ ,a further 
depression 
of [AJ will 
cause 
its 
hexadecimal 
equivalent 
address 
to be spoken. 


A lliJ key activation 
stand 
alone will 
set the DT1000 in- 
to the Power 
Up Manual 
Control 
Mode. 


Functional Description (Continued) 


4. Phrase Construct 
Mode. 
In this mode, it is possible 
to 
string 
respective 
word addresses 
together 
to create up 
to 3 phrases 
or short 
sentences 
and play them 
back 
upon 
demand. 
The 
phrase 
modes 
are @] [Q] [Q] , 
lID [Q) lID , and lID [Q] [Q) . The 400 mode will store up 
to twelve 
word addresses, 
the 500 and 600 modes will 
store up to six addresses 
each. Initial 
phrase construc- 


tion 
should 
begin 
with 
key sequence 
@] [Q] [Q] ~ 
where 
the 
~ 
depression 
clears 
out 
any 
addresses 
previously 
stored. 
(In 
either 
the 
@] [Q) [Q] , 
lID [Q) [Q), lID [Q) [Q) sequence, 
the 
B 
key 
will 


"clear" 
out 
any 
previous 
addresses 
stored 
in those 
respective 
modes.) 
You are then 
ready 
to string 
ad- 
dresses 
together 
to construct 
a phrase. 
To construct 
the 
phrase, 
simply 
enter 
each 
address 
of the words 
desired 
in the phrase and in the sequence 
in which 
the 
words are to be outputted. 
Each word address 
keyed in 
must 
be followed 
by two 
depressions 
of the ~ 
key. 
The first depression 
of the ~ 
key will speak the word 
at that 
respective 
address 
to give you 
a chance 
to 


"hear" 
the word before its address 
is "loaded" 
into the 
DT1oo0 RAM. A second 
depression 
of the ~ 
key will 
store that address 
into the DT1000 RAM and that word 


is then in position 
in the desired phrase. If upon thefirst 
depression 
of the ~ 
key the word outputted 
is not the 
desired 
word, 
simply 
key in the correct 
address 
and 
depress 
the ~ 
key again, and again finally 
to store in- 
to the RAM. In the construction 
of a phrase 
a "beep" 


will occur during the addressing 
of the last possible 
ad- 
dress that will fit into that particular 
phrase 
mode. (If 
additional 
addresses 
are still keyed in, they will replace 


the first 
addresses 
loaded 
in that same phrase.) 


An example 
of constructing 
a phrase 
is as follows 
for 
the desired 
word 
sequence 
"To start 
the time set the 
meter 
and 
go", 
key 
sequence: 
@] [Q) [Q) ~ 
/ 


[Q] [Q] ~ 
~ 
~ 
/ rn ~ ffiJ ~ 
~ 
/ rn ~ lID ~ 
~ 
/ 
rn ~ lID ~ 
~ 
/ rn ~ rn ~ [§ll rn ~ lID ~ 
~ 
/ 
rn [Q)lID ~ 
~ 
/ [Q) [ill [Q) lID lID / [Q)lID [ill lID lID /. 
To 
output 
this 
same 
phrase, 
depress 
the 
~ 
key. The 
above phrase should 
automatically 
be spoken from the 
DT1000. Additional 
keyings 
of ~ 
will output 
the same 
phrase 
until 
it 
is 
cleared 
out 
by 
a @] [Q] [Q] lID 
sequence. 


Registers 
500 and 600 can 
be loaded 
in exactly 
the 
same 
way 
as 
shown 
above, 
except 
that 
the 
lID [Q) [Q) lID and/or 
the [ill [Q) [Q) lID keys must 
be 
addressed 
to 
load 
those 
respective 
registers. 


Remember 
that 
registers 
500 and 600 are each only 6 
addresses 
long. 


If you chose 
to construct 
the exact 
phrase 
as shown 
above, you may have noticed 
that 
the spoken 
output 
was rather a mechanical 
output. 
This is primarily 
due to 
the fact that the words were butted 
against 
each other. 
In normal 
human 
speech, 
the brain 
puts durations 
of 
silence 
between 
the words 
to make the sentence 
flow 
smoothly. 
5ince 
several 
durations 
of silence 
are pro- 
vided in the Master 
Word List, the actual 
quality 
of the 


same phrase 
can be significantly 
improved 
by adding 
durations 
of 
silence 
(also 
assigned 
addresses) 
be- 
tween the words. As one thinks 
about how the phrase is 
actually 
spoken, 
one might 
assume 
the approximate 
duration 
of silence 
between 
each word, and insert the 


closest 
duration 
of silence from the word list. It is found 


that some experimentation 
in this area can significant- 
ly enhance 
the quality 
of the desired 
phrase. A hint in 


this 
area would 
be that 
for words 
beginning 
with 
the 


letters 
K, T, P, B, D, and G insert 80 milliseconds 
silence 


prior to the words, 
and for words 
ending 
in the same 


letters 
as above, 40 milliseconds 
silence 
following 
the 


word is recommended. 
It is also possible 
in this mode 


to make 
any singular 
word 
plural 
by the addition 
of 
"55" 
(Address 
129) to the word. In this case no silence 


should 
be inserted 
between 
the word and the "55". 


4A. 
Phrase Output 
Mode. 
As stated 
in (4) any phrase 
can 
be outputted 
by being in the 400, 500 or600 modes and 


depressing 
the ~ 
key. It is also possible 
to output 
all3 


phrases 
in any sequence. 
To "string" 
these 
phrases 


together, 
simply 
key in the phrase 
sequence 
desired 


concluded 
with 
two 
depressions 
of the ~ 
key. Key 


sequence 
@] lID lID ~ 
~ 
would 
output 
phrases 
at 


400-500 
and 600 respectively. 
(This would indicate 
that 


a sentence 
24 addresses 
long might 
be constructed.) 


Any phrase 
sequence 
might 
actually 
be chosen, 
546, 


645, etc. 
For an interesting 
effect 
the 
same 
phrase 


could 
be outputted 
twice 
or even three times 
such 
as 


455, 444, 664, etc. 


5. Canned 
Phrase 
Mode. 
Key 
sequence [l] [Q) [Q) ~ 
(or ~) 
will 
output 
a 
fixed 
phrase 
"The 
time 


is __ 
P.M.". This gives you the ability 
to insert 
the 


desired 
word(s) 
in the 
blank 
location. 
In this 
case 
"twelve 
OH 
one" 
might 
be 
appropriate. 
While 
in 
the [l] [Q) [Q] ~ 
mode 
simply 
key in the 
respective 


addresses 
of the words desired, 
inserting 
silences 
if re- 


quired, 
exactly 
the same as constructing 
a phrase 
in 


the 400-500 
or 600 modes. 
To output 
the completed 


phrase, 
simply 
depress 
the ~ 
key. To insert 
a new 


word 
sequence 
into 
the 
blank, 
key [l] [Q) [Q) ~ 
to 


erase the original 
contents. 
Then enter the new word 


addresses 
as required. 


This mode demonstrates 
how a talking 
clock 
or a trip 


computer 
might 
work. Changing 
data can be inserted 


at the required 
time as a part of a fixed 
message. 


6. Reaction 
Timer 
Game. 
Key sequence 
lID [Q] [Q] ~ 
(or lID ) enters you into a simple game which could con- 
ceptually 
be a real product. 
In this 
mode, the DT1000 


speaks 
ten random 
numbers 
from zero to nine, with a 


pause between 
each number output. 
The game is to hit 


the respective 
key as fast as possible 
after the number 
has been called 
out. After 
the tenth 
and last number 
has been depressed, 
a tone is outputted 
and the total 


reaction 
time is spoken 
as "seven 
point three two five 


seconds". 
Obviously, 
the game 
is to have the lowest 


possible 
total reaction 
time. Note that it is necessary 
to 


eventually 
hit the correct 
key for the number 
called 
out. 


If the wrong 
key is depressed, 
the DT1000 will not out- 


put another 
number 
until the correct 
key is depressed- 
meanwhile, 
time 
is accruing. 
It should 
also 
be noted 


that the random 
pauses 
between 
word outputs 
is not 


part of total elapsed 
time. 


To continue 
playing 
the game, keying 
the ~ 
key will 
output 
a new set of numbers. 
To exit the game mode, 


depress 
the ~ 
key. 


7. Back to Power Up Mode. 
Key sequence 
lID [Q) [Q) ~ 
(or ~ 
) will 
put the 
DT1000 back 
into 
the 
Power 
Up 
Mode. Refer to mode (1.)explained 
in the earlier section 


of this 
data 
sheet 
for all operations 
covered 
by this 


mode. 


Functional Description (Continued) 


GENERAL 
COMMENTS 
bination 
for best quality 
would be a medium 
size speaker6 


inches 
to 12 inches 
in diameter, 
and housed 
in a solid 
wood enclosed 
baffle. 


One can actually 
"experiment" 
with the quality 
by trying 
various 
speaker 
and baffle 
combinations. 


1. The DT1000 is always 
in one of the modes. 
To exit a 


mode, simply 
key in the control 
code of the next desired 
mode. 


2. "55" 
(located 
at address 
129) can make singular 
words 


plural. 


3. "Centi", 
"milli", 
"re" 
are prefixes 
to make words 
like 


"centimeter", 
"reset", 
etc. Some prefixes 
do not blend 


well directly 
with some words such as "milli 
ampere". 
In 


these 
cases, 
insert 
an appropriate 
amount 
of silence 


between 
the words. 


4. High output 
volume 
can be obtained 
by supplying 
11V 


to power supply 
input (pin 50). 


The DT1000 is designed 
so that it is possible 
to access on- 


ly the DIGITALKER 
portion 
of the board. Important: 
it is 


necessary 
to remove 
the COP402 
from 
the DT1000 in this 


mode. 
The DIGITALKER 
portion 
is defined 
as the speech 


processor 
chip (SPC) and the speech 
ROM(s) which 
con- 


tain 
the 
actual 
vocabulary 
(see Table 
I). The 
inputs 
re- 


quired to connect 
the DIGITALKER 
(and the vocabulary 
of 


the 
DT1000 board) 
to an external 
processor 
have been 


made 
available 
on 
the 
pin 
edge 
connector 
(refer 
to 


Figure3). 


The following 
describes 
the function 
of all speech 
proc- 


essor chip (SPC) inputs 
and outputs, 
and all other inputs 


and outputs 
required 
for operation 
in this external 
proc· 


essor mode. Note: 
in the following 
descriptions 
and Table 


I, a iow represents 
a logic zero (O.4V nominal) 
and a high 


represents 
a logic one (2.4V nominal). 


The actual 
speech 
quality 
of the 
DT1000 is affected 
by 
many 
factors. 
Certainly 
the 
quality 
is 
affected 
most 


significantly 
by the actual 
speaker 
and baffle 
chosen 
to 


output 
the final 
speech 
data. 
Although 
the 
DT1000 will 


drive most any size of "common" 
PM speakers, 
care ought 
to be made in the actual 
selection 
of the speaker, AND its 


respective 
baffle 
or enclosure. 
An unbaffled 
speaker 
will 


not give a true response, 
small 
speakers 
typically 
do not 


reproduce 
low frequencies. 
Truly, the most desirable 
com- 


Edge 
Edge 


Connector 
Connector 
Pin 
Function 
Pin 
Function 


Number 
Number 


B 
Chip Select (CS). The SPC is 
37 
Write Strobe (WR). This line 


selected 
when CS is low. It is 
latches 
the starti ng address 
(AO-A7) 


only necessary 
to have CS low 
into ~egister. 
On the rising edge of 


during 
a command 
to the SPC. It 
the WR, the SPC starts 
execution 


is not necessary 
to hold CS low 
of the command 
specified 
by CMS. 


for the duration 
of the 
The command 
sequence 
is shown 
in 


speech data. 
the timing 
waveform 
section. 
If a 
command 
to start a new speech 


Data Bus (SW1-SW8). 
sequence 
is issued during 
a speech 
3 
SW1 (LSB) This is an B·bit parallel 
sequence, 
the new speech 
sequence 
43 
SW2 
binary data bus which 
will be started 
immediately. 


45 
SW3 
accepts 
the binary 
ad- 
40 
SW4 
dress of the desired 
50 
Power Supply 
Voltage 
(Voo). Plus 7V 


13 
SW5 
word. The binary 
ad- 
to 11V maximum, 
direct 
current, 
to 


9 
SW6 
dresses 
are available 
SPC, filter 
"nd amplifier 
sections. 


16 
SW7 
from Table I and are 
Important! 
VDD must be regulated! 


11 
SWB (MSB) 
the same as the 
47 
Ground (Vss)' 


decimal 
address 
from 
the word list. Unused 
7 
Interrupt 
Output 
(INTR). This signal 


inputs 
must be con· 
goes high at the completion 
of any 


nected 
to ground 
speech 
sequence. 
It is reset by the 


when used with 
next valid command. 
It is also reset at 


external 
iogic. 
power up. 


34 
Command 
Select (CMS). This line 
10 
Speaker 
Output. 
4!l-B!l 
1/2W at VDD, 


is used to specify 
the two 
11.0V 


commands 
to the SPC. 


CMS 
Function 
Command 
0 
Reset interrupt 
and start speech 
sequence 


1 
Reset interrupt 
only 


Functional Description (Continued) 


TABLE 
I. DT1000 MASTER 
WORD 
LIST 


Keyboard 
8-BIt Binary 
Keyboard 
8·BII Binary 
Keyboard 
8-BII Binary 


Word 
Addre •• 
Word 
Addre •• 
Word 
Addre •• 


Addre •• 
SW8 
SW1 
Addre •• 
SW8 
SW1 
Addre •• 
SW8 
SW1 
r t 
r t 
r t 
THIS IS DIGITALKER 
000 
00000000 
W 
054 
00110110 
MILLI 
108 
01101100 
ONE 
001 
00000001 
X 
055 
00110111 
MINUS 
109 
01101101 


TWO 
002 
00000010 
Y 
056 
00111000 
MINUTE 
110 
01101110 


THREE 
003 
00000011 
Z 
057 
00111001 
NEAR 
111 
01101111 


FOUR 
004 
00000100 
AGAIN 
058 
00111010 
NUMBER 
112 
01110000 


FIVE 
005 
00000101 
AMPERE 
059 
00111011 
OF 
113 
01110001 


SIX 
006 
00000110 
AND 
060 
00111100 
OFF 
114 
01110010 


SEVEN 
007 
00000111 
AT 
061 
00111101 
ON 
115 
01110011 


EIGHT 
008 
00001000 
CANCEL 
062 
00111110 
OUT 
116 
01110100 


NINE 
009 
00001001 
CASE 
063 
00111111 
OVER 
117 
01110101 


TEN 
010 
00001010 
CENT 
064 
01000000 
PARENTHESIS 
118 
01110110 


ELEVEN 
011 
00001011 
400HERTZ TONE 
065 
01000001 
PERCENT 
119 
01110111 


TWELVE 
012 
00001100 
80HERTZ TONE 
066 
01000010 
PLEASE 
120 
01111000 


THIRTEEN 
013 
00001101 
20MS SILENCE 
067 
01000011 
PLUS 
121 
01111001 


FOURTEEN 
014 
00001110 
40MS SILENCE 
068 
01000100 
POINT 
122 
01111010 


FIFTEEN 
015 
00001111 
80MS SILENCE 
069 
01000101 
POUND 
123 
01111011 


SIXTEEN 
016 
00010000 
160MS SILENCE 
070 
01000110 
PULSES 
124 
01111100 


SEVENTEEN 
017 
00010001 
320MS SILENCE 
071 
01000111 
RATE 
125 
01111101 


EIGHTEEN 
018 
00010010 
CENTI 
072 
01001000 
RE 
126 
01111110 


NINETEEN 
019 
00010011 
CHECK 
073 
01001001 
READY 
127 
01111111 


TWENTY 
020 
00010100 
COMMA 
074 
01001010 
RIGHT 
128 
10000000 


THIRTY 
021 
00010101 
CONTROL 
075 
01001011 
SS (Nole 1) 
129 
10000001 


FORTY 
022 
00010110 
DANGER 
076 
01001100 
SECOND 
130 
10000010 


FIFTY 
023 
00010111 
DEGREE 
077 
01001101 
SET 
131 
10000011 


SIXTY 
024 
00011000 
DOLLAR 
078 
01001110 
SPACE 
132 
10000100 


SEVENTY 
025 
00011001 
DOWN 
079 
01001111 
SPEED 
133 
10000101 


EIGHTY 
026 
00011010 
EQUAL 
080 
01010000 
STAR 
134 
10000110 


NINETY 
027 
00011011 
ERROR 
081 
01010001 
START 
135 
10000111 


HUNDRED 
028 
00011100 
FEET 
082 
01010010 
STOP 
136 
10001000 


THOUSAND 
029 
00011101 
FLOW 
083 
01010011 
THAN 
137 
10001001 


MILLION 
030 
00011110 
FUEL 
084 
01010100 
THE 
138 
10001010 


ZERO 
031 
00011111 
GALLON 
085 
01010101 
TIME 
139 
10001011 


A 
032 
00100000 
GO 
086 
01010110 
TRY 
140 
10001100 


B 
033 
00100001 
GRAM 
087 
01010111 
UP 
141 
10001101 


C 
034 
00100010 
GREAT 
068 
01011000 
VOLT 
142 
10001110 


D 
035 
00100011 
GREATER 
089 
01011001 
WEIGHT (Note 2) 
143 
10001111 


E 
038 
00100100 
HAVE 
090 
01011010 
F 
037 
00100101 
HIGH 
091 
01011011 
G 
038 
00100110 
HIGHER 
092 
01011100 
H 
039 
00100111 
HOUR 
093 
01011101 
I 
040 
00101000 
IN 
094 
01011110 
J 
041 
00101001 
INCHES 
095 
01011111 
K 
042 
00101010 
IS 
096 
01100000 
L 
043 
00101011 
IT 
097 
01100001 
M 
044 
00101100 
KILO 
098 
01100010 
N 
045 
00101101 
LEFT 
099 
01100011 
0 
046 
00101110 
LESS 
100 
01100100 
P 
047 
00101111 
LESSER 
101 
01100101 
Q 
048 
00110000 
LIMIT 
102 
01100110 


R 
049 
00110001 
LOW 
103 
01100111 


S 
050 
00110010 
LOWER 
104 
01101000 


T 
051 
00110011 
MARK 
105 
01101001 


U 
052 
00110100 
METER 
106 
01101010 
V 
053 
00110101 
MILE 
107 
01101011 


Note 1: "88" 
makes any singular word plural. 


Note 2: Address 143 is the last legal address in this particular word list. Exceeding address 143 in an external processor application 
wilt produce pieces 


of unintelligible 
invalid speech data. 


MINIMUM 
CONNECTIONS 


fOAOHA..,TION 
OfDTlllOO 11" 


SPEAKE A 
1(' 
...• 
~ 
" 


CO 
'" 
~ 
..;"~, 


1'r,UjJf 
100jJf 
R5 


'" 
'DO 
7-IlVOtTS 
(MUST BE AEGUlATEO) 
IN4001 
i20k 
OljJF 
10!1 


" 


GND 
TO AtleONNECTIONS 
Rl 
e 
TO ALL CONNEeTlONS 
It:.."", 
+'cc 
~ J ". 
'~~' 


0' 
INTR 
~ 
I " 
" 
J4 
eMS 
O.ljJF 
IN4001 
10k 
R4 +-7 
' 
, 
0.041I1f 
037 
W, 
'" 
T- 
Z_~ 
1 
0,1;;; 
... 
UI 
' 


" 


,w, 
'OL 
Z 
4 
lM3I6 
" 


SW, 
CONTROL 


0.1;:~· 
:-L,::; 
- 
, 
, 
sw, 
el4 
40 
- 
39 
+ 
Il 
LMl46 


1 
sw, 
""4 '. 


ADZ5 
.. 
SW• 
hl'-' 
Al26 
.". 
" 


SW, 
w, 
AZZ] 
" 


SWJ 
Al 
Z 


' 


l 
SW, 
A4Z9 
" 


GO 
.J 
~'-' 


..,s30 
" 


GO 


I 


w, 
A6 
3~ 
" " 
J5 
Gl 
- 
15 


A13l 
to 
sw, 
::J4 
, 
L1Z0 
14 
SW2 
, 
, 
2B 
GO 
LZI9 
lJ 
SWl 
Al0lS 
, 
, 
, , 
u' 
I 


LJ 
II 
lZ 
SW4 
A\\l6 
spe 
A1Z]7 
, 
, 
29 
Gl 
L414 
11 
SW5 
MMS41(14 
, 
. 
, , 
LS13 
10 
SW6 
.. 
A1331 
, 


L612 
, 
SW, 
, 
, 
, 
I 
l 
30 
GZ 
L7 
11 
: 
SWI 
, 


0116 
," 
1 


01 
J9 
W, 
CS, 
02 
J8 
, 
,,' 
, " 
, 
. . .. 
Jl 
GJ 
l 
eMS 
OJ 
II 
"0J 


A1218 
, 
004ll 
," 


0419 
Il04 
::~ 
19 
'" 


IN. 
, 
, 
, 
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21 
lNTR 
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14 OS 
•• U 
" 


lN' 
151N1 
U' 
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U' 
••D 
" '" 


161NZ 
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" 


e" 
~~ 
Z3 
1601 
MM$ZlS4 
.,' 
. 
.. 
lOOk 
lN914 
01 
1108 
SSRI 
..' 
, 
. 
..' 
I 
r;-;--- 
, 
" 


ClJ 
, 
,,' 
rr 
, 


19 
Al 
, 
'" 
~h 


+ CI3 
", 
16 
A6 
", 
'" 


17 
~ 
~ijJf 
", 
IS 
"'$ 
", 
, 
OJ 
., I 


~A4 
UI 
~: 
8 
:" 
" 
.. 


~:~ 


MM74C37J 
OSI3 


J6 
~: 
+'cc 
/' 
....=:::JT' 
" 


~Al 
06 
:~ 


IDOl 


CK1..L.-...!< 
U6 
z 
1/ ~~"F 
' .. 
~~ 
II 
'01 
PIlL. 
1~MM14C902 
1\ 
'cc 
AD/DATA 
''t----< 
~ 
I 
C15 
20 
Jl 
" 
'" 
A~~~ 
"r 
~e" 


1.$k 
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°i'/ 
f 
W4 
W3 
..:;: 
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" 


_110l 
All~ 
* 
L~ 
- 
--0.- ---<-J 
~ 
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• Even numbered edge connector 
pins are the top side of the OT1000 board, odd numbere 
15 .. 
" 


ROMEN 
bottom side. SO-pin edge connector 
part number: 3M Company 
#3415. 


•• The COP402 
device must be removed from the socket for external 
processor 
applications. 


FIGURE 
1. DT1000 DIGITALKER™ 
Evaluation 
Board 
Circuit 
Diagram 


AC Electrical Characteristics 


(For Use in External 
Processor 
Application) 
TA = O·C to 70·C, VDD= 7V-11V, Vss =OV, unless 
otherwise 
specified. 


Symbol 
Parameter 
Min 


taw 
CMS Valid 
to Write 
Strobe 
350 


tcsw 
Chip Select 
ON to Write 
Strobe 
310 


tdw 
Data 
Bus Valid 
to Write 
Strobe 
50 


twa 
CMS Hold Time after Write 
Strobe 
50 


tWd 
Data 
Bus Hold Time 
after Write 
Strobe 
100 


tww 
Write 
Strobe 
Width 
(50% 
Point) 
430 


twss 
Write 
Strobe 
to Speech 
Output 
Delay 


Note: 
Rise and fall times (10% to 90%) of MICROBUS™ 
signals should be 50 os maximum. 


Timing Waveforms (Required 
in external 
processor 
applications) 
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43 


45 


40 
. 
13 
I 


9 


16 
i 
11 


34 


8 


37 
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L 


SW~OD 


SW2 


SW3 


SW4 


SW5 


SW6 
MM54104 


SW1 
SPC 


SW8 


eMS 
cs 


WR 


INTERRUPT 
SPEECH 
OUT 


Note: 
COP402 must be removed from DT1000 in this configuration. 


FIGURE 
3. 
DIGITALKER™ 
Connections 
to External 
MICROBUS™ 
Processor 
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DIG ITALKER ™ Speech Synthesis 
~National 
~ 
Semiconductor 
DT1050/DT1053 
DIGITALKER™Standard 
Vocabulary 
Kit 
General Description 


The DIGITALKER™ 
is a speech 
synthesis 
system 
con· 
The "voice" 
output 
of the DT1050 is a highly 
intelligible 
sisting 
of several 
N·channel 
MOS integrated 
circuits. 
It 
male voice. The vocabulary 
is chosen 
so that it is applica· 


contains 
a speech 
processor 
chip (SPC) and speech 
ROM 
ble to many products 
and markets. 


and when used with external 
filter, amplifier, 
and speaker, 
Features 
produces 
a system 
which 
generates 
high quality 
speech 
including 
the 
natural 
inflection 
and 
emphasis 
of 
the 
original 
speech. 
Male, female, 
and children's 
voices 
can 
be synthesized. 


The SPC communicates 
with the speech ROM, which con· 
tains the compressed 
speech data as well as the frequen· 
cy and amplitude 
data required 
for speech 
output. 
Up to 
128k bits of speech 
data can be directly 
accessed. 


With 
the 
addition 
of 
an 
external 
resistor, 
on·chip 
de· 
bounce 
is provided 
for use with a switch 
interface. 


An interrupt 
is generated 
at the end of each speech 
se· 
quence 
so 
that 
several 
sequences 
or 
words 
can 
be 
cascaded 
to form different 
speech 
expressions. 


The DT1050 is a standard 
DIGITALKER 
kit encoded 
with 
137 separate 
and useful 
words, 
2 tones, 
and 5 different 
silence 
durations. 
(See the Master Word List Table I). The 
words and tones 
have been assigned 
discrete 
addresses, 


making 
it possible 
to output 
single 
words 
or words 
con· 
catenated 
into phrases 
or even sentences. 


• 
COPSTM and MICROBUS™ 
compatible 


• 
Designed 
to 
be 
easily 
interfaced 
to 
other 
popular 
microprocessors 


• 
144 addressable 
expressions, 
including 
numbers 


• 
Natural 
inflection 
and emphasis 
of original 
speech 


• 
Addresses 
128k of ROM directly 


• 
TIL 
compatible 


• 
On-chip 
switch 
debounce 
for 
interfacing 
to 
manual 
switches 
independent 
of a microprocessor 


• 
Interrupt 
capability 
for cascading 
words or phrases 


• 
Crystal 
controlled 
or externally 
driven oscillator 


• 
Available 
in complete 
kit (DT1050) or speech 
ROM only 


(DT1053) 
Applications 


• 
Telecommunications 


• 
Appliance 


• 
Automotive 


• 
Teaching 
aids 


• 
Consumer 
products 


• 
Clocks 
• 
Language 
translation 


• 
Annunciators 


AOR 
0-13 
SPC 
ROATA 
SWl-' MM54104 
1-' 
INTR 


eMS 


-.., 
I 
I 
I 
I 
I 
_______ 
J 


1.5k 
"The 
recipient 
of these 
products 
automatically 
receives 
a non-exclusive 
license 
under U.S. Patent 
Application 
432,859 
and any patent 
or patents 
issuing 
thereon 
to 


use such 
products, 
10 assemble 
or otherwise 
incorporate 
them 
Into further 
prod· 
ucts 
which 
may 
be covered 
by saId 
palent 
application, 
or any patent 
or palents 


issuing 
thereon, 
and to use, sell, or otherWise 
dispose 
of such 
products': 


Protected 
by U.S. Pat. No. 4124125, 
EM. 
Mozer 
licenses 
available 
. 


4.0 MHz" 


o 


• Single pole 2 position 
momentary switch 


··4.0 
MHz crystal Electro 
Dynamics Corp. HC18-20 pF 


Absolute Maximum Ratings· 


Storage 
Temperature 
Range 
-55'Cto 
+150'C 
Voltage 
at Any Pin 
12V 


Operating 
Temperature 
Range 
0'Ct070'C 
Operating 
Voltage 
Range, Voo-Vss 
7Vt011V 


Voo-Vss 
12V 
Lead Temperature 
(Soldering, 
10 seconds) 
300'C 


DC Electrical Characteristics· 
TA = O'C to 70'C, 
Voo = 7V-11 v, Vss = OV, unless 
otherwise 
specified. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


VIL 
Input 
Low Voltage 
-0.3 
0.8 
V 


VIH 
Input 
High Voltage 
2.0 
Voo 
V 


VOL 
Output 
Low Voltage 
10L= 1.5 mA 
0.4 
V 


VOH 
Output 
High Voltage 
IOH=-100p.A 
2.4 
5.0 
V 


VILX 
Clock 
Input 
Low Voltage 
-0.3 
1.2 
V 


V1HX 
Clock 
Input 
High Voltage 
5.5 
Voo 
V 


100 
Power 
Supply 
Current 
45 
mA 


IlL 
Input 
Leakage 
±10 
p.A 


IILX 
Clock 
Input 
Leakage 
±10 
p.A 


Vs 
Silence 
Voltage 
0.45Voo 
V 


VOUT 
Peak to Peak Speech 
Output 
Voo= 
11V 
2.0 
V 


REXT 
External 
Load on Speech 
REXTConnected 
Between 
Speech 
50 
k{) 


Output 
Output 
and Vss 


AC Electrical Characteristics· 
TA = O'C to 70'C, 
Voo = 7V-11V, 
Vss = OV, unless 
otherwise 
specified. 


Symbol 
Parameter 
Min 
Max 
Units 


taw 
CMS Valid 
to Write 
Strobe 
350 
ns 


tcsw 
Chip 
Select 
ON to Write 
Strobe 
310 
ns 


tdw 
Data 
Bus Valid 
to Write 
Strobe 
50 
ns 


twa 
CMS 
Hold Time 
after 
Write 
Strobe 
50 
ns 


tWd 
Data 
Bus Hold Time 
after 
Write 
Strobe 
100 
ns 


tww 
Write 
Strobe 
Width 
(50% 
Point) 
430 
ns 


tred 
ROM EN ON to Valid 
ROM Data 
2 
p's 


twss 
Write 
Strobe 
to Speech 
Output 
Delay 
410 
p's 


ft 
External 
Clock 
Frequency 
3.92 
4.08 
MHz 


Note: 
Rise and fall times (10% to 90%) of MICROBUS 
signals 
should 
be 50 os maximum. 


·SPC characteristics 
only. ROM characteristics 
covered 
by separate 
data sheet for MM52164. 


Timing Waveforms 


Command 
Sequence 
CMs=t 
VALID 
-~F 
taw 
I 


CS 
\: 


~'" 
'ww- 


ViR 


DATA 
BUS 
1t- 
VALID -~d1= 


ISWl-8) 


CW) 
~ 
Timing Waveforms 
(Continued) 
i= 
C 
ROM Data Timing 
o 


~ 
ADR 
0-13 
X 
VALID 
ADDRESS 
C 
i= 
C 
RDMEN 
\ 
1 
\__ 
/ 
-Itredl- 
-Itredl- 


ROM DATA 1-1 


The following 
describes 
the function 
of all SPC input 
and 
output 
pi ns. 


Note: 
In the 
following 
descriptions, 
a low 
represents 
a 
logic 0 (0.4V nominal), 
and a high represents 
a logic 
1 (2.4V 
nominal). 


INPUT SIGNALS 


Chip Select (C5): 
The SPC is selected 
when CS is low. It is 
only 
necessary 
to have CS low during 
a command 
to the 
SPC. It is not necessary 
to hold CS low for the duration 
of 
the speech 
data. 


Data Bus (SW 1-8): 
This is an 8-bit parallel 
data bus which 
contains 
the starting 
address 
of the speech 
data. 


Data bus inputs 
SW 1-SW 8 accept 
an 8·bit binary 
address 
which 
is the address 
of the word 
which 
is to be "spoken" 
from 
the 
DIGITALKER 
output. 
See the 
Master 
Word 
List 
(Table I) for the complete 
listing 
of words 
and their 
respec- 
tive addresses. 
If the entire 
word 
list 
is not used, unused 
inputs 
must be connected 
to Vss. 


Command 
Select 
(CMS): 
This 
line specifies 
the two com- 


mands 
to the SPC. 


CMS 
Function 
o 
Reset 
interrupt 
and start 
speech 
sequence 
1 
Reset 
interrupt 
only 


Write 
Strobe 
(WR): 
This 
line latches 
the starting 
address 
(SW 1-SW 8) into a register. 
On the rising 
edge of the WR, 


the 
SPC starts 
execution 
of the 
command 
specified 
by 
CMS. 
The 
command 
sequence 
is shown 
in the 
timing 
waveform 
section. 
If a command 
to start 
a new speech 
se- 
quence 
is issued 
during 
a speech 
sequence, 
the 
new 
speech 
sequence 
will 
be started 
immediately. 
When 
con- 
necting 
WR to a switch, 
it must 
be a single 
pole 2 position 
switch 
as shown 
on page 1. 


ROM Data (RDATA 1-8): 
This 
is an 8-bit parallel 
data 
bus 
which 
contains 
the speech 
data from the speech 
ROM. 


OUTPUT 
SIGNALS 


Interrupt 
(INTR): 
This signal 
goes 
high at the completion 
of any speech 
sequence. 
It is reset 
by the next valid 
com· 
mand.lt 
is also reset at power up. 


ROM Address 
(ADR O-ADR 
13): This 
is a 14·blt 
parallel 
bus that 
supplies 
the address 
of the speech 
data 
to the 
speech 
ROM. 


ROM Enable 
(ROM EN): 
For low power 
applications, 
this 
line can be used to drive a transistor 
that switches 
the sup· 
ply for static 
speech 
ROMs. See ROM data timing. 


Speech 
Output 
(Speech 
Out): 
This 
is the 
analog 
output 
that 
represents 
the speech 
data. See frequency 
response 
section. 


INPUT/OUTPUT 
SIGNALS 


Clock 
Input/Output 
(OSC IN, OSC OUT): 
These 
two 
pins 
connect 
the main timing 
reference 
(crystal) 
to the SPC. 


In 
normal 
human 
speech, 
the 
brain 
puts 
durations 
of 
silence 
between 
the 
words 
to 
make 
the 
sentence 
flow 
smoothly. 
Since 
several 
durations 
of silence 
are provided 
in the Master 
Word 
List, 
the actual 
quality 
of any phrase 
can 
be 
significantly 
improved 
by 
adding 
durations 
of 
silence 
(also assigned 
addresses) 
between 
the words. 
As 
one thinks 
about 
how the phrase 
is actually 
spoken, 
one 
might 
assume 
the 
approximate 
duration 
of 
silence 
be· 
tween 
each 
word, 
and 
insert 
the 
closest 
duration 
of 
silence 
from the word 
list. A hint in this area would 
be that 
for words 
beginning 
with 
the letters, 
K, T, P, B, D, and G 
insert 
80 milliseconds 
silence 
prior 
to the words, 
and for 
words 
ending 
in 
the 
same 
letters 
as 
above, 
40 
milli- 
seconds 
silence 
following 
the word 
is recommended. 


Functional 
Description 
(Continued) 


TABLE I. DT1050 MASTER 
WORD 
LIST" 


8·Bit Binary 
8·Bit Binary 
8·Bit Binary 


Word 
Address 
Address 
Address 


SW8 
SW1 
SW8 
SW1 
SW8 
SW1 
I 
------"I 
,- t 
, ---. 
THIS IS DIGITALKER 
00000000 
Q 
00110000 
IS 
01100000 


ONE 
00000001 
R 
00110001 
IT 
01100001 


TWO 
00000010 
S 
00110010 
KILO 
01100010 


THREE 
00000011 
T 
00110011 
LEFT 
01100011 


FOUR 
00000100 
U 
00110100 
LESS 
01100100 


FIVE 
00000101 
V 
001 
10101 
LESSER 
01100101 


SIX 
00000110 
W 
00110110 
LIMIT 
01100110 


SEVEN 
00000111 
X 
00110111 
LOW 
01100111 


EIGHT 
00001000 
Y 
00111000 
LOWER 
01101000 


NINE 
00001001 
Z 
001 
1 1001 
MARK 
01101001 


TEN 
00001010 
AGAIN 
001 
11010 
METER 
01101010 


ELEVEN 
00001011 
AMPERE 
00111011 
MILE 
01101011 


TWELVE 
00001100 
AND 
00111100 
MILLI 
01101100 


THIRTEEN 
00001101 
AT 
001 
1 1 101 
MINUS 
01101101 


FOURTEEN 
00001110 
CANCEL 
001 
1 11 10 
MINUTE 
01101110 


FIFTEEN 
00001111 
CASE 
00111111 
NEAR 
01101111 


SIXTEEN 
00010000 
CENT 
01000000 
NUMBER 
01110000 


SEVENTEEN 
00010001 
400HERTZ TONE 
01000001 
OF 
01110001 


EIGHTEEN 
00010010 
BOHERTZ TONE 
01000010 
OFF 
01110010 
NINETEEN 
00010011 
20MS SILENCE 
01000011 
ON 
01 1 10011 


TWENTY 
00010100 
40MS SILENCE 
01000100 
OUT 
01110100 


THIRTY 
00010101 
BOMS SILENCE 
01000101 
OVER 
01 1 10101 


FORTY 
00010110 
160MS SILENCE 
01000110 
PARENTHESIS 
01110110 


FIFTY 
0001011 
1 
320MS SILENCE 
01000111 
PERCENT 
01110111 


SIXTY 
00011000 
CENTI 
01001000 
PLEASE 
01111000 


SEVENTY 
00011001 
CHECK 
01001001 
PLUS 
01111001 


EIGHTY 
00011010 
COMMA 
01001010 
POINT 
01111010 


NINETY 
00011011 
CONTROL 
01001011 
POUND 
01111011 
HUNDRED 
00011100 
DANGER 
01001100 
PULSES 
01111100 


THOUSAND 
0001 
1 101 
DEGREE 
01001 
101 
RATE 
01111101 
MILLION 
00011110 
DOLLAR 
01001110 
RE 
01 1 1 1 1 1 0 
ZERO 
00011111 
DOWN 
01001111 
READY 
01111111 
A 
00100000 
EQUAL 
01010000 
RIGHT 
10000000 


B 
00100001 
ERROR 
01010001 
SS (Note 1) 
10000001 
C 
00100010 
FEET 
01010010 
SECOND 
10000010 


D 
00100011 
FLOW 
01010011 
SET 
10000011 


E 
00100100 
FUEL 
01010100 
SPACE 
10000100 
F 
00100101 
GALLON 
01010101 
SPEED 
10000101 
G 
00100110 
GO 
010101 
10 
STAR 
10000110 


H 
00100111 
GRAM 
01010111 
START 
10000111 


I 
00101000 
GREAT 
01011000 
STOP 
10001000 


J 
00101001 
GREATER 
01011001 
THAN 
10001001 
K 
00101010 
HAVE 
01011010 
THE 
10001010 


L 
00101011 
HIGH 
01011011 
TIME 
10001011 


M 
00101100 
HIGHER 
01011100 
TRY 
10001100 


N 
00101 
101 
HOUR 
01011101 
UP 
10001101 


0 
00101110 
IN 
01011110 
VOLT 
10001110 


P 
0010111 
1 
INCHES 
0101 
1 111 
WEIGHT (Note 2) 
10001111 


• DT1050 is a complete 
kit including 
MM54104 SPC; OT1053 is SSR1 and SSR2 speech 
ROMs only. 


Note 1: "88" 
makes any singular word plural 


Not82: 
Address 143 is the last legal address in this particular word list. Exceeding address 143 will produce pieces of unintelligible 
invalid speech data. 


voa 
spc 


c£L;~","" 


EXT~~~~~...!~ 
~ 
• 


T 


C2 


_ 
Crystal 
Rl 
R2 
Cl 
C2 
- 
4.0 
MHz 
1M 
1.5k 
10-30 
pF 
40-60 
pF 


(4.0 MHz crystal 
manufactured 
by Electro Dynamics Corp. PIN HC18·2QpF) 


cs 


WR 
CONTROL 


CMS 
lOGIC 


INTR 


Dual·ln·Line 
Package 


CSC IN 
VOO 


OSC OUT 
SPEECH OUT 


cs 
ADR 
13 (MSBI 


Wii 
AOR 12 


RJlI.IDj 
ADA 11 


INTR 
ADR to 


CMS 
ADR 
9 


SW8 (MS8) 
ADR 
B 


SW1 
ADA 
7 


SW6 
SPC 
ADR 6 


SW5 
(MM54104) 
ADA 
5 


SW4 
ADR 
4 


SW3 
ADR 
J 


SW2 
ADR 
2 


SW 1 (tS8) 
ADA' 


ROATA 0 (tS8) 
ADA 0 (lSB) 


ROATA 1 
ROATA 1 (MS8) 
23 
RDATA 
6 
RDATA2 


22 
RDATA 
5 
RDATA 3 
21 
Vss 
RDATA 
4 


TOP 
VIEW 


PROGRAMMABLE 


GAIN 


AMPLIFIER 
Dual-In-Line 
Package 


A5 


A4 


A3 


A2 
MM52164* 


SSRl 
AND 
Al 
SSR2 


AO 


01 


02 
10 


03 
11 


GNO 
12 


Timing 


tXH 


IXL 


Mln Units 


100 
ns 


100 
ns 


24 
VCC (4.15V-525V) 


23 
A8 


22 
A' 
2""A12 


20 CS1(AI3) 


19 
AlO 


18 
All 


11 


08 


16 
01 


15 
06 


14 
05 


13 
04 


TOP 
VIEW 


'* For specific 
ROM device information, 
see MM52164 data sheet. 
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eMS 
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620k 
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CONTROL 
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-= 


2D~F.l0V 
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23 
1 
2 
J 
• , 
6 , 
8 


24 
CS 
A12 
All 
A10 
A9 
A8 
A7 
A6 
A5 
A' 
AJ 
A2 
Al 
AD 
24 


-L-O.1IlF 
12 
SSR2 
-- O.lJ)F 
T 
-= 
01 
02 
OJ 
D' 
DS 
D6 
D7 
08 
"* 
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101 "1 
13 


14 
15 
16 
17 


201 
211 
181 
19 
22 
23 
1 
2 
] 
4 
5 
6 
7 
8 


CS 
All 
All 
A1D 
A9 
A8 
A7 
A6 
AS 
A4 
AJ 
A2 
Al 
AD 


RDATA 1 


ROATA2 
17 


RDATA3 
18 


RDATA4 
19 


RDATA 
5 
21 


RDATA 6 
22 
23 


RDATA 7 
24 
RDATA 8 


2 .go 


Uk - 


4MHz 


50" 
- :-iDr-:_ 


2D 
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01 
02 
OJ 
04 
os 


91 '01 
111 
13 
14 
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SSRI 
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07 
08 


15 
16 
17 


I I II '0 
dB/DEGAD. 
11111\ 


...!-hI.:.' 
60 dB'DECADE 
_ 


'-=:: "I-- NDTEIv 


~ 
-20 
z~~ 
>;: 


~ 
-40 


1/1/'tiill.0 dB/DECADE 


/ 
NOTE 
2 
/ 


FREQUENCY 
(H,) 


Note 
1: This 
curve 
is the desired 
response 
of the entire 
audio 
system 
including 
speaker. 


Minimum 
response 
is a low pass filter with a cutoff 
frequency 
of 200 Hz. For an audio system 
with a natural 
cutoff 
frequency 
around 
200 Hz, this filter 
can be eliminated. 
This cutoff 
fre- 


quency 
may be tuned for the particular 
voice being synthesized. 
For a low pitched 
male voice 
it may be 100 Hz, while 
for a high pitched 
female 
or child's 
voice 
it might 
be 300 Hz. 


Note 2: This is optional 
filtering 
that can be eliminated 
by proper selection 
of the speaker. If 
this 2 pole response 
is electronically 
produced, 
it should 
be adjusted 
as described 
in Note 1. 


Note 3: This is optional 
filtering 
that can be eliminated 
for simpler 
systems. 
The acceptable 


range for this cutoff 
frequency 
is 6000 Hz-BODO Hz. 


Typical Applications 
(Continued) 


DIGITALKER 
System 
Using COP420 
Interface 
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DIGITALKER ™ Speech Synthesis 
~National 
~ 
Semiconductor 


DT1051/DT1054 DIGITALKER™Speech 
Evaluation Kit 


General Description 


The 
DIGITALKER™ 
is a speech 
synthesis 
system 
con- 
sisting 
of several 
N-channel 
MOS 
integrated 
circuits. 
It 


contains 
a speech 
processor 
chip (SPC) and speech 
ROM 
and when 
used with 
external 
filter, 
amplifier, 
and speaker, 
produces 
a system 
which 
generates 
high quality 
speech 
including 
the 
natural 
inflection 
and 
emphasis 
of 
the 
original 
speech. 
Male, 
female, 
and children's 
voices 
can 
be synthesized. 


The SPC communicates 
with the speech 
ROM, which 
con- 


tains 
the compressed 
speech 
data as well as the frequen- 
cy and amplitude 
data 
required 
for speech 
output. 
Up to 
128k bits of speech 
data 
can be directly 
accessed. 


With 
the 
addition 
of 
an 
external 
resistor, 
on-chip 
de- 
bounce 
is provided 
for use with 
a switch 
interface. 


An interrupt 
is generated 
at the end of each 
speech 
se- 
quence 
so 
that 
several 
sequences 
or 
words 
can 
be 


cascaded 
to form 
different 
speech 
expressions. 


The DT1051 is a standard 
DIGITALKER 
kit encoded 
with 


18 separate 
and addressabie 
phrases. 
The phrases 
lend 
themselves 
to a variety 
of products, 
but are primarily 
for 
demonstration 
purposes, 
portraying 
DIGITALKER's 
unique 
ability 
to produce 
high 
quality 
male, 
female, 
or 


child's 
voices. 


The DT1051 demonstrates 
the effects 
of digitizing 
com- 
plete 
phrases 
as opposed 
to individual 
words 
at singie 


addresses. 
Complete 
phrases 
produce 
very natural 
and 
highest 
quality 
speech, 
much 
like 
a tape 
recording 
of a 
phrase 
or sentence. 


• 
COPSTM and MICROBUSTM 
compatible 


• 
Designed 
to 
be 
easily 
interfaced 
to 
other 
popular 
microprocessors 


• 
18 addressable 
high quality 
phrases 


• 
Natural 
inflection 
and emphasis 
of original 
speech 


• 
Addresses 
128k of ROM directly 


• 
TTL compatible 


• 
On·chip 
switch 
debounce 
for 
interfacing 
to 
manual 
switches 
independent 
of a microprocessor 


• 
Interrupt 
capability 
for cascading 
words 
or phrases 


• 
Crystal 
controlled 
or externally 
driven 
oscillator 


• 
Available 
in complete 
kit (DT1051) or speech 
ROMs only 


(DT1054) 


Applications 


• 
Telecommunications 


• 
Appliance 


• 
Automotive 


• 
Teaching 
aids 


• 
Consumer 
products 


• 
Clocks 
• 
Language 
translation 


• 
Annunciators 


Byte Address 
Message 
Voice 
Byte Address 
Message 
Voice 
SW8 
SW1 
SW8 
SW1 


00000000 
BASSON MUSIC 
N/A 
00001001 
CHECK OIL LEVEL 
MALE 


00000001 
THIS IS NS DIGITALKER 
FEMALE 
00001010 
CHECK COOLANT 
LEVEL 
MALE 


00000010 
THE TIME IS 8:43 PM 
FEMALE 
00001011 
CHECK FUEL LEVEL 
MALE 


00000011 
EMERGENCY, CALL 911 
FEMALE 
00001100 
DOOR OPEN 
MALE 


00000100 
SELECT TEMPERATURE 
FEMALE 
00001101 
DEFROST 
MALE 


00000101 
SELECT COOKING TIME 
FEMALE 
00001110 
GOING UP 
MALE 


00000110 
THE NUMBER YOU 
MALE 
00001111 
FIRST FLOOR 
MALE 
REACHED 
HAS BEEN 
00010000 
PLEASE CALL YOUR OFFICE 
MALE 
CHANGED, 
PLEASE CALL 
00010001 
I'M CUTE, AREN'T 
I? 
CHILD 
408 737·5000 


00000111 
WARNING 
THE BRAKE 
MALE 
END OF VOCABULARY 


FLUID IS LOW 


00001000 
PLEASE FASTEN YOUR 
MALE 
SEATBELT 


"The 
recipient 
of these 
products 
automatically 
receives 
a non-exclusive 
license 


under 
U.S. Patent 
Application 
432,859 and any patent 
or patents 
issuing 
thereon 
to 
use such products, 
to assemble 
or otherwise 
Incorporate 
them 
into lurther 
prod· 
ucts which may be covered by said palent applicallon, 
or any patent or patents 
issuing 
thereon, 
and 10 use, sell, or otherwise 
dIspose 
of such products'~ 


Protected 
by U.S. Pat. No. 4124125, F.M. Mozer 
licenses 
available. 


40 
" 
I--!! SW 1 (lSB) 
AD 


I~SW2 
AI 


WORD I-!! SW3 
A2 


ADDRESS 
1-2!, 
SW4 
AJ 


INPUTS 
I.....!.! 
SW5 
A4 


I--!! 
$W6 
AS 
I.....! 
SWl 
AI 


l--.! 
SWI(MSB) 
AI 


---!Wii 
AI 
-2 
eMS 
AD 


~CS 
A" 
~ 
--!! 
INTR 
A" 
'" 
'" 


......! 
RDMEN 
All 


'" 
A" 


SPC 


20r 211,.1'9 
22 
23 
1 
2 
J 
4 
5 
Ii 
1 
8 


~ 


es 
Al2 
All 
AID 
A9 
AI 
A7 
AS 
AS 
A4 
AJ 
A2 
Al 
AD 
24 


12 
$SA] 
-'-O.l",F 
12 


_ 
0102 
OJ 
D4 
05 
06 
0701 
T ':' 


16 - 
91 
101 1'1 
13 
14 
15 
16 
17 


ROATAl 


RDATA2 
11 


RDATAl 
" 


RDATA. 
'9 


RDAUS 
21 


RDATAli 
22 


RDATA7 
23 


RDATAI 
24 


4MHI 


_"'Or::_ 


50"~_ 
"p' 
T 


~'~ 


j~'~"f:lM": 5 


SOk 
IL 


VOLUME 
I r 


CONTROL 
D.lp.F 


20I'F,10V 
L:: ~~~'AKER 
{on 


TOoOSliF 


,,1,,1 "I" " 
1l 
Il,. 
5 
• 
1 


CS 
A12 
All 
Ala 
A9 
A' 
A1 
A6 
AS 
A4 
A3 
A2 
At 


'I "1"1" 
14 


. 


AD 
24 


-I-O.lj.lf 
T 


~National 
~ 
Semiconductor 
DIGITALKER™Speech 
Synthesis 


General Description 


The OIGITALKER™ 
is a speech 
synthesis 
system 
con- 


sisting 
of several 
N·channel 
MaS 
integrated 
circuits. 
It 


contains 
a speech processor 
chip (SPC) and speech 
ROM 


and when used with external 
filter, amplifier, 
and speaker, 
produces 
a system 
which 
generates 
high quality 
speech 


including 
the 
natural 
inflection 
and 
emphasis 
of 
the 


original 
speech. 
Male, female, 
and children's 
voices 
can 


be synthesized. 


The SPC communicates 
with the speech ROM, which con- 
tains the compressed 
speech data as well as the frequen- 


cy and amplitude 
data required 
for speech 
output. 
Up to 


128k bits of speech 
data can be directly 
accessed. 


With 
the 
addition 
of 
an 
external 
resistor, 
on-chip 
de- 


bounce 
is provided 
for use with a switch 
interface. 


An interrupt 
is generated 
at the end of each speech 
se- 
quence 
so 
that 
several 
sequences 
or 
words 
can 
be 


cascaded 
to form different 
speech 
expressions. 


The 0T1052 
is a useful, 
low cost 
standard 
OIGITALKER 


kit, 
encoded 
with 
the 
numbers 
0 through 
9, the 
word 


point, 
and 
several 
silence 
durations, 
located 
at 
in- 


dividual 
addresses. 


These numerical 
outputs 
can be applicable 
to many con- 


sumer 
and 
industrial 
products 
where 
numbers 
are fre- 


quently 
displayed. 


• 
COPSTM and MICROBUSTM compatible 


• 
Oesigned 
to 
be easily 
interfaced 
to 
other 
popular 


microprocessors 


• 
15 addressable 
expressions, 
including 
silences 


• 
Natural 
inflection 
and emphasis 
of original 
speech 


• 
Addresses 
16k of ROM directly 


• 
TTL compatible 
• 
On-chip 
switch 
debounce 
for 
interfacing 
to 
manual 


switches 
independent 
of a microprocessor 


• 
Interrupt 
capability 
for cascading 
words 
or phrases 


• 
Crystal 
controlled 
or externally 
driven oscillator 


• 
Available 
in complete 
kit (OT1052) or speech 
ROM only 


(OT1055)· 


• 
Telecommunications 


• 
Appliance 


• 
Automotive 


• 
Counters 
• 
Consumer 
products 


• 
Instrumentation 


Byte Address 
M 
Byte Address 
Message 
SW8 
SW1 
essage 
SW8 
SW1 


00000000 
ZERO 
00001000 
EIGHT 


00000001 
ONE 
00001001 
NINE 


00000010 
TW() 
00001010 
POINT 


00000011 
THREE 
00001011 
20 ms SILENCE 


00000100 
FOUR 
00001100 
40 ms SILENCE 


00000101 
FIVE 
00001101 
80 ms SILENCE 


00000110 
SIX 
00001110 
160 ms SILENCE 


00000111 
SEVEN 
00001111 
320 ms SILENCE 


"The 
recipient 
of these 
products 
automatically 
receives 
a non-exclusive 
license 
under U.S. Patent 
Application 
432,859 
and any patent 
or patents 
issuing 
thereon 
to 
use such products, 
to assemble 
or otherwise 
incorporate 
them into further 
prod- 
ucts 
which 
may 
be covered 
by said 
patent 
application, 
or any patent 
or patents 


issuing 
thereon, 
and to use, sell, Of otherwise 
dispose 
of such products': 


Protected 
by U.S. Pat. No. 4124125. 
F.M. Mozer 
licenses 
available. 


'* DT1052 is a complete kit including MM54104 SPC; DT1055 is MM52116SHRL speech ROM only. 


DIGITALKERTM, 
MICROBUS™ 
and COPSTM 
are trademarks 
of National 
Semiconductor 
Corp. 
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DIGITALKER ™ Speech Synthesis 
~National 
~ 
Semiconductor 
DT1056/DT1057 DIGITALKER™ Standard Vocabulary Kit 


General Description 


The 
DIGITALKER™ 
is a speech 
synthesis 
system 
con- 
sisting 
of several 
N-channel 
MOS 
integrated 
circuits. 
It 


contains 
a speech 
processor 
chip (SPC) and speech 
ROM 


and when 
used with 
external 
filter, 
amplifier, 
and speaker, 
produces 
a system 
which 
generates 
high quality 
speech 


including 
the 
natural 
inflection 
and 
emphasis 
of 
the 


original 
speech. 
Male, 
female, 
and children's 
voices 
can 


be synthesized. 


The SPC communicates 
with the speech 
ROM, which 
con- 


tains 
the compressed 
speech 
data as well as the frequen- 


cy and amplitude 
data 
required 
for speech 
output. 
Up to 


128k bits 
of speech 
data 
can be directly 
accessed. 


With 
the 
addition 
of 
an 
external 
resistor, 
on-chip 
de· 


bounce 
is provided 
for use with 
a switch 
interface. 


An interrupt 
is generated 
at the end of each 
speech 
se- 


quence 
so 
that 
several 
sequences 
or 
words 
can 
be 


cascaded 
to form 
different 
speech 
expressions. 


The 
DT1056/DT1057 
is a standard 
DIGITALKER 
kit 
en· 
coded 
with 
131 separate 
and useful 
words 
(see the Master 


Word 
List 
Table 
I) and 
when 
used 
with 
the 
0T1050 


Standard 
Vocabulary 
Kit, provides 
a library 
of 274 useful 


words. 
The words 
have been assigned 
discrete 
addresses, 


making 
it possible 
to output 
single 
words 
or words 
con- 


catenated 
into phrases 
or even sentences. 


The "voice" 
output 
of the 
DT10561OT1057 
is a highly 
in- 


telligible 
male voice. The vocabulary 
is chosen 
so that it is 


applicable 
to many 
products 
and markets. 
Features 


• 
Easily 
adaptable 
to 0T1050 Standard 
Vocabulary 
Kit 


• 
131 useful 
words 


• 
COPSTM and MICROBUSTM 
compatible 


• 
Designed 
to 
be 
easily 
interfaced 
to 
other 
popular 


microprocessors 


• 
Natural 
inflection 
and emphasis 
of original 
speech 


• 
Addresses 
128k bits of ROM directly 


• 
TTL compatible 


• 
On-chip 
switch 
debounce 
for 
interfacing 
to 
manual 
switches 
independent 
of a microprocessor 


• 
Interrupt 
capability 
for cascading 
words 
or phrases 


• 
Crystal 
controlled 
or externally 
driven 
oscillator 


• 
Available 
in complete 
kit (DT1056) or speech 
ROMs only 


(DT1057) 


Applications 


• 
Telecommunications 


• 
Appliance 


• 
Automotive 


• 
Teaching 
aids 


• 
Consumer 
products 


• 
Clocks 
• 
Language 
translation 


• 
Annunciators 
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"The 
recipient 
of these 
products 
automatically 
receives 
a non-exclusive 
license 


under U.S. Patent 
Application 
432,859 and any patent 
or patents 
issuing 
thereon 
to 


use such products, 
10 assemble 
or otherwise 
incorporate 
them inlo 
further 
prod- 


ucts 
which 
may be covered 
by said patent 
application, 
or any palent 
or patents 
issuing 
thereon, 
and to use, sell, or otherwise 
dispose 
01 such products': 


Protected 
by U.S. Pat. No. 4124125. FM. 
Mozer licenses 
available. 


Absolute Maximum Ratings· 


Storage 
Temperature 
Range 
- 65·C to + 150·C 
Voltage 
at Any Pin 
12V 


Operating 
Temperature 
Range 
0·Ct070·C 
Operating 
Voltage 
Range, Voo-Vss 
7Vt011V 


Voo-Vss 
12V 
Lead Temperature 
(Soldering, 
10 seconds) 
3OO·C 


DC Electrical Characteristics· 
TA = o·C to 70·C, Voo = 7V-11V, Vss = OV, unless 
otherwise 
specified. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


VIL 
Input 
Low Voltage 
-0.3 
0.8 
V 


VIH 
Input 
High Voltage 
2.0 
Voo 
V 


VOL 
Output 
Low Voltage 
IOL=1.6 
mA 
0.4 
V 


VOH 
Output 
High Voltage 
IOH = -100p.A 
2.4 
5.0 
V 


VILX 
Clock 
Input 
Low Voltage 
-0.3 
1.2 
V 


VIHX 
Clock 
Input 
High 
Voltage 
5.5 
Voo 
V 


100 
Power 
Supply 
Current 
45 
mA 


IlL 
Input 
Leakage 
±10 
p.A 


IILX 
Clock 
Input 
Leakage 
±10 
p.A 


Vs 
Silence 
Voltage 
0.45Voo 
V 


VOUT 
Peak to Peak Speech 
Output 
Voo= 
11V 
2.0 
V 


REXT 
External 
Load on Speech 
REXTConnected 
Between 
Speech 
50 
k{) 


Output 
Output 
and Vss 


AC Electrical Characteristics· 
TA = O·C to 70·C, Voo = 7V-11 v, Vss = OV, unless 
otherwise 
specified. 


Symbol 
Parameter 
Min 
Max 
Units 


taw 
CMS Valid 
to Write 
Strobe 
350 
ns 


tcsw 
Chip Select 
ON to Write 
Strobe 
310 
ns 


tdw 
Data 
Bus Valid 
to Write 
Strobe 
50 
ns 


twa 
CMS Hold Time 
after 
Write 
Strobe 
50 
ns 


tWd 
Data 
Bus Hold Time 
after 
Write 
Strobe 
100 
ns 


tww 
Write 
Strobe 
Width 
(50% 
Point) 
430 
ns 


tred 
ROMEN 
ON to Valid 
ROM Data 
2 
p's 


twss 
Write 
Strobe 
to Speech 
Output 
Delay 
410 
p's 


ft 
External 
Clock 
Frequency 
3.92 
4.08 
MHz 


Note: 
Rise and fall times 
(10% to 90%) of MICROBUS 
signals 
should 
be 50 ns ma;ltimum. 


·SPC characteristics 
only. ROM characteristics 
covered 
by separate 
data sheet for MM52164. 


Timing Waveforms 
Command 
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ROM DATA 1-8 


Note1: 
ROM Data 1-8can 
go valid any time after ADRO-13changes, 
however it must be valid within 
the tred spec and remain valid until ROMEN goes high. 


The following 
describes 
the function 
of all SPC input 
and 
output 
pins. 


Note: 
In the 
following 
descriptions, 
a low 
represents 
a 
logic 0 (0.4V nominal), 
and a high represents 
a logic 
1 (2.4V 


nominal). 


INPUT SIGNALS 


Chip Select (CS): 
The SPC is selected 
when CS is low. It is 


only 
necessary 
to have CS low during 
a command 
to the 
SPC. It is not necessary 
to hold CS low for the duration 
of 
the speech 
data. 


Data Bus (SW 1-8): 
This is an 8-bit parallel 
data bus which 


contains 
the starting 
address 
of the speech 
data. 


Data bus inputs 
SW 1-SW 8 accept 
an 8-bit binary address 


which 
is the address 
of the word which 
is to be "spoken" 
from 
the 
DIGITALKER 
output. 
See the 
Master 
Word 
List 


(Table I) for the complete 
listing 
of words 
and their respec- 


tive addresses. 
If the entire 
word 
list 
is not used, unused 


inputs 
must be connected 
to Vss. 


Command 
Select 
(CMS): 
This line specifies 
the two com- 


mands 
to the SPC. 


CMS 
Function 


o 
Reset 
interrupt 
and start 
speech 
sequence 


1 
Reset 
interrupt 
only 


Write 
Strobe 
(WR): 
This 
line latches 
the starting 
address 


(SW 1-SW 8) into a register. 
On the rising 
edge of the WR, 


the 
SPC starts 
execution 
of the 
command 
specified 
by 


CMS. 
The 
command 
sequence 
Is shown 
in the 
timing 


waveform 
section. 
If a command 
to start 
a new speech 
se- 


quence 
is issued 
during 
a speech 
sequence, 
the 
new 


speech 
sequence 
will 
be started 
immediately. 
When 
con- 


necting 
WR to a switch, 
it must 
be a single 
pole 2 position 


switch 
as shown 
on page 1. 


ROM Data (RDATA 1-8): 
This 
is an 8-bit parallel 
data 
bus 


which 
contains 
the speech 
data from the speech 
ROM. 


OUTPUT 
SIGNALS 


Interrupt 
(INTR): 
This signal 
goes 
high at the completion 
of any speech 
sequence. 
It is reset by the next valid 
com- 
mand. It is also reset at power up. 


ROM Address 
(ADR O-ADR 
13): This 
is a 14-bit 
parallel 


bus that 
supplies 
the address 
of the speech 
data 
to the 


speech 
ROM. 


ROM Enable 
(ROMEN): 
For low power 
applications, 
this 
line can be used to drive a transistor 
that switches 
the sup- 
ply for static 
speech 
ROMs. See ROM Data Timing. 


Speech 
Output 
(Speech 
Out): 
This 
is the analog 
output 
that 
represents 
the speech 
data. See frequency 
response 
section. 


Clock 
Input/Output 
(OSC IN, OSC OUT): 
These 
two 
pins 
connect 
the main timing 
reference 
(crystal)to 
the SPC. 


In normal 
human 
speech, 
the 
brain 
puts 
durations 
of 
silence 
between 
the 
words 
to 
make 
the 
sentence 
flow 
smoothly. 
Since 
several 
durations 
of silence 
are provided 
in the Master 
Word 
List, 
the actual 
quality 
of any phrase 
can 
be 
significantly 
improved 
by 
adding 
durations 
of 
silence 
(also assigned 
addresses) 
between 
the words. 
As 
one thinks 
about 
how the phrase 
is actually 
spoken, 
one 
might 
assume 
the 
approximate 
duration 
of silence 
be- 
tween 
each 
word, 
and 
insert 
the 
closest 
duration 
of 
silence 
from the word 
list. A hint in this area would 
be that 
for words 
beginning 
with 
the letters, 
K, T, P, S, D, and G 
insert 
80 milliseconds 
silence 
prior 
to the words, 
and for 
words 
ending 
in 
the 
same 
letters 
as 
above, 
40 
milli- 


seconds 
silence 
following 
the word 
is recommended. 


Functional Description (Continued) 


TABLE I. DT1056/DT1057* 
MASTER WORD LIST 


8·Bit Binary 
8·Bit Binary 
8·Bit Binary 


Word 
Address 
Word 
Address 
Word 
Address 


SW8 
SW1 
SW8 
SW1 
SW8 
SW1 
r- 
~ 
r- 
----. 
r- 
~ 
ABORT 
00000000 
FARAD 
00101100 
PER 
01011000 


ADD 
00000001 
FAST 
00101101 
PICO 
01011001 


ADJUST 
00000010 
FASTER 
00101110 
PLACE 
01011010 


ALARM 
00000011 
FIFTH 
00101111 
PRESS 
01011011 


ALERT 
00000100 
FIRE 
00110000 
PRESSURE 
01011100 


ALL 
00000101 
FIRST 
00110001 
QUARTER 
01011101 


ASK 
00000110 
FLOOR 
00110010 
RANGE 
01011110 


ASSISTANCE 
00000111 
FORWARD 
00110011 
REACH 
0101 
1 1 1 1 


ATTENTION 
00001000 
FROM 
00110100 
RECEIVE 
01100000 


BRAKE 
00001001 
GAS 
00110101 
RECORD 
01100001 
BUTTON 
00001010 
GET 
00110110 
REPLACE 
01100010 


BUY 
00001011 
GOING 
00110111 
REVERSE 
01100011 


CALL 
00001100 
HALF 
00111000 
ROOM 
01100100 


CAUTION 
00001101 
HELLO 
00111001 
SAFE 
01100101 


CHANGE 
00001110 
HELP 
00111010 
SECURE 
01100110 


CIRCUIT 
00001111 
HERTZ 
001 
1101 
1 
SELECT 
011001 
11 


CLEAR 
00010000 
HOLD 
00111100 
SEND 
01101000 


CLOSE 
00010001 
INCORRECT 
00111101 
SERVICE 
01101001 


COMPLETE 
00010010 
INCREASE 
00111110 
SIDE 
01101010 


CONNECT 
00010011 
INTRUDER 
001 
11 111 
SLOW 
01101011 


CONTINUE 
00010100 
JUST 
01000000 
SLOWER 
01101100 
COpy 
00010101 
KEY 
01000001 
SMOKE 
01101101 


CORRECT 
00010110 
LEVEL 
01000010 
SOUTH 
01101110 


DATE 
00010111 
LOAD 
01000011 
STATION 
01101111 


DAY 
00011000 
LOCK 
01000100 
SWITCH 
01110000 
DECREASE 
00011001 
MEG 
01000101 
SYSTEM 
01110001 
DEPOSIT 
00011010 
MEGA 
01000110 
TEST 
01110010 
DIAL 
00011011 
MICRO 
01000111 
TH (NOTE 2) 
01 
110011 


DIVIDE 
00011100 
MORE 
01001000 
THANK 
01110100 


DOOR 
00011101 
MOVE 
01001001 
THIRD 
01110101 


EAST 
00011110 
NANO 
01001010 
THIS 
01110110 


ED (NOTE 1) 
00011111 
NEED 
01001011 
TOTAL 
01110111 


ED (NOTE 1) 
00100000 
NEXT 
01001100 
TURN 
01111000 


ED (NOTE 1) 
00100001 
NO 
01001101 
USE 
011 
11001 


ED (NOTE 1) 
00100010 
NORMAL 
01001110 
UTH (NOTE 3) 
01111010 


EMERGENCY 
00100011 
NORTH 
0100111 
1 
WAITING 
01111011 


END 
00100100 
NOT 
01010000 
WARNING 
011 
11 100 


ENTER 
00100101 
NOTICE 
01010001 
WATER 
01 
111 
101 


ENTRY 
00100110 
OHMS 
01010010 
WEST 
01111110 


ER 
00100111 
ONWARD 
01010011 
SWITCH 
01 1 1 1 1 1 1 


EVACUATE 
00101000 
OPEN 
01010100 
WINDOW 
10000000 


EXIT 
00101001 
OPERATOR 
01010101 
YES 
10000001 
FAIL 
00101010 
OR 
01010110 
ZONE 
10000010 


FAILURE 
00101011 
PASS 
01010111 


* OT1056 is a complete 
kit including 
MM54104 SPC; OT1057 is SSR5 and SSR6 speech 
ROMs only. 


Note 1: "EO" is a suffix that can be used to make any present tense word become a past tense word. The way we say "ED," however, does vary from one word to 
the next. For that reason, we have offered 
4 different 
"EO" sounds. 
It is suggested 
that each "ED" be tested with the desired 
word for best quality 
results. 
Ad- 


dress 31 "ED" 
or 32 "ED" 
should 
be used with words ending 
in "T" or "0," 
such as exit or load. Address 34 "ED" 
should 
be used with words ending with soft 
sounds 
such as ask. Address 
33 "ED" 
should 
be used with all other words. 


Note 2: "TH" 
is a suffix 
that can be added to words like six, seven, eight to form adjective 
words 
like sixth, seventh, 
eighth. 


Note 3: "UTH" 
is a suffix 
that can be added to words like twenty, 
thirty, 
forty to form adjective 
words like thirtieth, 
fortieth, 
etc. 


Note 4: Address 
130 is the last legal address 
in this particular 
word list. Exceeding 
address 
130 will produce 
pieces of unintelligible 
invalid 
speech 
data. 


Crystal Circuit Information 


Typical Crystal Oscillator Network 


voa 
spc 


st 


r 


o 
CIRCUIT 


EXTERNAL 
_, 
_ 


ClOCK 


1'C2 
Crystal 
R1 
R2 
C1 
C2 


4.0 MHz 
1M 
15k 
10-30 pF 
40-60 pF 


(4.0 MHz crystal manufactured by Electro Dynamics Corp. PIN HC18·20pF) 


cs 


\VA 


CMS 


INTA 


Dual-In-Line Package 


40 
ase IN 
Voo 
ase OUT 


39 


SPEECH 
OUT 


cs 
31 
ADR 
13 IMSB) 


\Vii 
31 


ADA 
12 


ifOMfN 
36 
ADA 
11 


35 


ADR 10 
INTR 


34 


ADR 
9 
eMS 


SW81MS81 
33 
ADR 
8 


SW1 
32 


ADA 
7 


SW6 
SPC 
31 
ADA 
6 
(MM541D4) 
30 


ADA 
5 
SW5 


29 


ADR 
4 
SW4 


SW3 
ADR 
J 


SW2 
ADA 
2 


sw 1IlSB) 
ADRl 


RDATA 
0 (lSB) 
ADA 0 (lS8) 


ROATA 1 
ADATA 
7 (MSS) 


ROATA 
2 
ROATA 
6 


RDATA 
3 
RDATA 
5 


Vss 
ROATA 
4 


TOP VIEW 


Timing 


tXH 


IXL 


Min 
Units 


100 
ns 


100 
ns 


Dual-in-Line Package 


24 
Vee 
14.15V-5.26V) 


23 
A8 


22 


A9 
A5 


21 
A12 
A4 


A3 
20 
eSlIA13) 


A2 
MM52164" 
19 
AID 
SSR5 
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18 
Al 
SSR6 
All 


AD 
11 
08 


01 


16 


01 


02 


10 
15 
06 


03 
11 
14 
05 


GNO 


12 
13 
04 


WORD 
ADDRESS 
INPUT 


l 
~'h 
I 


,V 


REGULATOR 


~ ..·f 
J. 
620k 
9.lk 
10k j~~+'~ 


20/JF,10V 


ID1F 


+I~TO 


~"~ 


1 
SPEAKER 


10n 
r" 


'Ok 
r 
4-, 


VOLUME 
--O.05/JF 
~ 


CONTROL 
O.lIJF 
J 
• 
T 
+ 
lJ 
':' 
':' 


VCC·5V 
':' 
40 
J9 


.....!.!. 
SW1(LS8) 
AD 
25 
2 
SW2 
Al 
26 


-E 
SWJ 
A2 
27 


-!.! 
SW. 
AJ 
28 


S-!,! 
SW' 
A' 
29 


-!.!! 
SW' 
3D 
A' 
--! 
J1 
SWI 
A' 
.....! 
SW8(MS8) 
Al 
J2 
~ 
Wi! 
A' 
JJ 


-.!. 
eMS 
A' 
J4 


-2 cs 
A10 
35 


.....! 
INTR 
All 
J6 


---! 
RoMEN 
J1 


.J ,.I" 


A12 
T 
AlJ 
J8 


201 
211 
18 " 


22 
2J 
1 
2 
J 
• , , 
1 
• 
20 
22 
2J 
1 
2 
J 
• , , 
1 
• 
SPC 
C"! 
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All 
AtO 
A' 
A' 
Al 
A' 
A' 
A' 
AJ 
A2 
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AIO 
A' 
A' 
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A' 
A' 
A' 
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Al 
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24 
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SSR5 
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SSR6 
T 
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OJ 
D. 
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11 
16 
RDATA 1 
1 
I 
RoATA 2 
17 


RDATA 3 
18 
I 


RDATA4 " 
RDATA 5 
21 


RDATA 6 
22 


RDATA 7 
2J 


RDATA 8 
24 


2 
J:D 
1 


1.5k 
- 


1M 
* LM346 or equivalent 


4MHz 


_t"iOt-: - 
~20PF 


'::" 
vec" 
5V 


Vee 
VDD 
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l PO AT 
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DATA 
1-8 
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SYSTEM 
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02 
eMS 
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COP420 
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DO 
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ADA 
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SPEECH 
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SSRS 
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SPEECH 
SPEECH 
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ROM 
ROM 


I 
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L__ 
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SPEECH 
ROM 
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SPEECH 
ROM 
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IIL 
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FILTER 
AND 


AMPLIFIER 


2001~A 
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~SPEAKER 


1 
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'* LM346 or equivalent 


See MM54104 data sheet for additional 
filter information. 
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DIGITALKER™Speech Synthesis 
~National 
~ 
Semiconductor 
MM54104 DIGITALKER™ Speech Synthesis System 
GeneralDescription 
Features 


The DIGITALKER is a speech synthesis system consisting 
of multiple N-channel MOS integrated circuits. It contains 
an MM54104 speech processor chip (SPC) and speech 
ROM and when used with external filter, amplifier, and 
speaker, produces a system which generates high quality 
speech including the natural inflection and emphasis of 
the original speech. Male, female, and children's voices 
can be synthesized. 


The SPC communicates with the speech ROM,which con- 
tains the compressed speech data as well as the frequen- 
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. This 
can be expanded with minimal external logic. 


With the addition 
of an external 
resistor, on-chip de- 


bounce is provided for use with a switch interface. 


An interrupt is generated at the end of each speech se- 
quence 
so that 
several sequences or words can be 


cascaded to form different speech expressions. 


Encoding (digitizing) of custom word or phrase lists must 
be done by National Semiconductor. Customers submit to 
the factory high quality recorded magnetic reel to reel 
tapes containing 
the words or phrases to be encoded. 


National Semiconductor 
will sell kits consisting 
of the 


SPC and ROM(s)containing the digitized word or phrases. 


• 
Designed to be easily 
interfaced 
to most 
popular 


microprocessors 
• 
256 possible addressable expressions 
• 
Male, female, and children's voices 


• 
Any language 
• 
Natural inflection and emphasisof original speech 


• 
Addresses 128kof ROM directly 


• 
TIL compatible 
• 
MICROBUS™ and COPSTMcompatible 


• 
On-chip switch debounce for interfacing 
to manual 


switches independent of a microprocessor 


• 
Easily expandable to greater than 128k ROM 


• 
Interrupt capability for cascading words or phrases 


• 
Crystal controlled or externally driven oscillator 


• 
Ability to store silence durations for timing sequences 


• 
Standard vocabulary sets available 


• 
Telecommunications 


• 
Appliance 
• 
Automotive 
• 
Teaching aids 


• 
Consumer products 


• 
Clocks 
• 
Language translation 


• 
Annunciators 
TypicalApplications 
Minimum Configuration Using Switch Interface 
1-11V 


---- 
-l 


VDD 
Vss 
Vss 
VCC 
I 


ADR 
ADDRESS 
BUS 
I 
0-13 
SPC 
RDATA 
DATA 
BUS 
SPEECH 
I 
SWl-' 
MM54104 
l-B 
ROM 
DIGITALKER 


INTR 
KIT 


CMS 
I 
cs 
DSC 
DSC 
I 
':' 
SPEECH 
IN 
OUT _______ 
J 


• Single 
pole 2 position 
momentary 
switch 
* • 4.0 M Hz crystal 
Electro 
Dynamics Corp. 20 pF Hc,a 
_ 


DIGITALKER 
TM, MICROBUS 
™ 
and COPS ™ 
are trademarks 
of National 
semiconducto;-'Corp. 


1.5k 
"The recipient 
of Ihese products 
automatically 
receives a non·exclusive 
license 


under U.S. Palent 
Application 
432,859 and any patent 
or patents 
issuing 
thereon 
to 


use such 
prOducts, 
to assemble 
or otherwise 
incorporate 
them 
into 
further 
prod· 


ucts 
which 
may be covered 
by said 
patent 
application, 
or any patent 
or patents 


issuing 
thereon, 
and to use, sell, or otherwise 
dispose 
of such 
products': 


Protected 
by U.S. Pal. No. 4124125, F.M. Mozer licenses 
available 
. 


Absolute Maximum Ratings 
3:3: 


Storage 
Temperature 
Range 
- 65·C to + 150·C 
Voltage 
at Any Pin 
12V 
~ 
Operating 
Temperature 
Range 
- 40·C to 85·C 
Operating 
Voltage 
Range, Voo-Vss 
7Vt011V 
0 


Voo-Vss 
12V 
Lead Temperature 
(Soldering, 
10 seconds) 
3OO·C 
~ 


DC Electrical Characteristics 
TA= o·C to 70·C, Voo = 7V-11V, 
Vss = OV, unless 
otherwise 
specified. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


VIL 
Input 
Low Voltage 
-0.3 
0.8 
V 


V1L 
Input 
Low Voltage 
TA= - 40·C to 85·C 
-0.3 
0.6 
V 


VIH 
Input 
High 
Voltage 
2.0 
Voo 
V 


VIH 
Input 
High 
Voltage 
TA= - 40·C to 85·C 
2.2 
Voo 
V 


VOL 
Output 
Low Voltage 
10L= 1.6 mA 
0.4 
V 


VOH 
Output 
High Voltage 
IOH= 
-1OOI'A 
2.4 
5.0 
V 


V1LX 
Clock 
Input 
Low Voltage 
-0.3 
1.2 
V 


VIHX 
Clock 
Input 
High Voltage 
5.5 
Voo 
V 


VOLX 
Clock 
Output 
Low Voltage 
Typical 
Crystal 
1.2 
V 


Configuration 
and 10M 


Load on Pin 2 


VOHX 
Clock 
Output 
High 
Voltage 
Typical 
Crystal 
5.5 
Voo 
V 


Configuration 
and 10M 


Load on Pin 2 


100 
Power 
Supply 
Current 
45 
mA 


100 
Power 
Supply 
Current 
TA= - 40·C to 85·C 
50 
mA 


IlL 
Input 
Leakage 
± 10 
I'A 


IILX 
Clock 
Input 
Leakage 
±10 
I'A 


Vs 
Silence 
Voltage 
0.45Voo 
V 


VOUT 
Peak to Peak Speech 
Output 
Voo=11V 
2.0 
V 


REXT 
External 
Load on Speech 
REXTConnected 
Between 
50 
kG 


Output 
Speech 
Output 
and Vss 


Symbol 
Parameter 
Min 
Max 
Units 


taw 
CMS Valid 
to Write 
Strobe 
350 
ns 


tcsw 
Chip 
Select 
ON to Write 
Strobe 
310 
ns 


tdw 
Data 
Bus Valid 
to Write 
Strobe 
50 
ns 


twa 
CMS 
Hold Time 
after 
Write 
Strobe 
50 
ns 


tWd 
Data 
Bus Hold Time 
after 
Write 
Strobe 
100 
ns 


tww 
Write 
Strobe 
Width 
(50% 
Point) 
430 
ns 1m 
tred 
ROM EN ON to Valid 
ROM Data 
2 
I'S 


twss 
Write 
Strobe 
to Speech 
Output 
Delay 
410 
I's 


ft 
External 
Clock 
Frequency 
3.92 
4.08 
MHz 


Note: 
Rise and fall times (10% to 90%) of MICROBUS 
signals 
should 
be 50 ns maximum. 


13-35 


:=tG~~_j;c 


OATASUS 
-----------~ 
••:tL 


ISW1-SWS) 
fi_ . 
~ 


ROM Data Timing 


ADRO-13 
X 
VALID 
ADDRESS 
C 


iiQMEIj \ 
1 
\__ 
1 
-I ""1- 
-11m 1- 


ROM DATA 
1-8 


Note1: 
ROM data 1-8 can go valid any time after ADA 0-13 changes, 
however It must be valid within 
the tred specifications 
and remain valid until ADMEN 


goes high. 


Crystal Circuit Information 


Typical 
Crystal 
Oscillator 
Network 


Voo 
SPC 


~ 


TO 
CIRCUIT 


EXTERNAL 
_1 
_ 


CLOCK 
Timing 


tXH 


tXL 


Mln Unit. 


100 
ns 


100 
ns 


1'C2 


Dual·ln·Line 
Package 


cse IN 
Voo 


OSC OUT 
SPEECH 
OUT 
cs 
AOR 
13 (MSB) 


WR 
AOR 
12 


lfilI,IDj 
ADR 
11 


INTR 
AOR to 


CMS 
AOR9 


SW B IMSS) 
AOR9 


SW7 
AOR7 


SW6 
SPC 
AOR6 


SW5 
MM541 04 
AOR5 


SW4 
AOR4 


SW3 
AOR 3 


SW2 
AOR 
2 


26 
AOR1 
SW lILSS) 


ROATA 
1 fLSS} 


25 
AOR 
0 (LSS) 


24 
ROATAB 
IMSS) 
RDAYA 
2 


23 


RDAYAJ 
AOAYA 
1 


22 


RDAYA 4 
ROATAB 
21 


Vss 
ROATA 
5 


TOP VIEW 


Connection Diagrams 
(Continued)(Vcc 
= 4.75V-5.25V) 


Dual·ln·Llne 
Package 
Dual-In-Line 
Package 


24 
24 
A7 
Vee 
A7 
Vee 


23 
23 
A8 
A6 
A8 
A6 


22 
22 
A9 
A5 
A9 
A5 


21 
21 
A4 
eS3 
A4 
eS2 


20 
20 
A3 
eSl 
A3 
eSl 


19 
19 
AID 
A2 
AID 
A2 


MM52116 
MM52132 
18 
18 
All 
Al 
CS2 
Al 


17 
17 
AD 
08 
AD 
08 


16 
01 
16 
07 
01 
07 


10 
15 
02 
10 
15 
06 
02 
06 


11 
14 
11 
14 
05 
03 
05 
03 


GNO 
12 
13 
04 
GNO 
12 
13 
04 


TOPVIEW 
TOP VIEW 


16k 
32k 


Dual·ln·Llne 
Package 


A7 
24 
Vee 


A6 
23 
A8 


A5 
22 
A9 


21 
A4 
A12 


20 
A3 
eSl 


A2 
19 
Al0 


MM52164 
18 
Al 
All 


17 
AD 
08 


01 
16 
07 


02 
10 
15 
06 


P3 
11 
14 
05 


GNO 
12 
13 
04 


TOP VIEW 


64k 


Note: 
In the 
following 
descriptions, 
a low 
represents 
a 


logic 0 (0.4V nominal), 
and a high represents 
a logic 
1 (2.4V 
nominal). 


INPUT SIGNALS 


Chip Select (C5): 
The SPC is selected 
when CS is low. It is 
only 
necessary 
to have CS low during 
a command 
to the 
SPC. It is not necessary 
to hold CS low for the duration 
of 
the speech 
data. 


Data Bus(SW 
1-8): 
This is an 8·bit parallel 
data bus which 


contains 
the starting 
address 
of the speech 
data. Unused 


inputs 
must be tied to Vss. 


Command 
Select 
(CMS): 
This 
line specifies 
the two com· 
mands 
to the SPC. 


CMS 
Function 
o 
Reset 
interrupt 
and start 
speech 
sequence 
1 
Reset 
interrupt 
only 


Write 
Strobe 
(WR): 
This 
line latches 
the starting 
address 


(SW1-SW8) 
into a register. 
On the rising 
edge of the WR, 
the 
SPC starts 
execution 
of the 
command 
specified 
by 


CMS. 
The 
command 
sequence 
is shown 
in the 
timing 
waveform 
section. 
If a command 
to start 
a new speech 
se· 


switch 
as shown 
on page 1. 


ROM Data (RDATA 1-8): 
This 
is an 8·bit parallel 
data 
bus 
which 
contains 
the speech 
data from the speech 
ROM. 


OUTPUT 
SIGNALS 


Interrupt 
(INTR): 
This 
signal 
goes high at the completion 
of any speech 
sequence. 
It is reset 
by the next valid 
com· 


mand. It is also reset at power up. 


ROM Address 
(ADR O-ADR 
13): This 
is a 14·bit 
parallel 
bus that 
supplies 
the address 
of the speech 
data 
to the 
speech 
ROM. 


ROM Enable 
(ROMEN): 
For low power 
applications, 
this 
line can be used to drive a transistor 
that switches 
the sup· 


ply for static 
speech 
ROMs. See ROM data timing. 


Speech 
Output 
(Speech 
Out): 
This 
is the 
analog 
output 
that 
represents 
the speech 
data. See frequency 
response 
section. 


Clock 
Input/Output 
(OSC IN, OSC OUT): These 
two 
pins 
connect 
the main timing 
reference 
(crystal) 
to the SPC. 


/' 
"'.... 
•••••• 
111120 
dB/DECADE 
/ 
~I'" J-.+tf NDTE 1 
V 
••••••••••••••• 
60 dB/DECADE 


~ r"" 
NDTEJp- 


~ 
-20 
z 
/ 
~ 
V / IiW 40 dB/DECADE 


~ 
/ 
NDTE2 
~-,"V 


Note 
1: This 
curve 
is the 
desired 
response 
of the 
entire 
audio 
system 
including 
speaker. 


Minimum 
response 
is a low pass filter 
with 
a cutoff 
frequency 
of 200 Hz. For an audio 
system 


with 
a natural 
cutoff 
frequency 
around 
200 Hz, this 
filter 
can be eliminated. 
This 
cutoff 
fre· 


quency 
may be tuned 
for the particular 
voice 
being 
synthesized. 
For a low pitched 
male voice 


it may be 100 Hz, while 
for a high 
pitched 
female 
or child's 
voice 
it might 
be 300 Hz. 


Note 2: This 
is optional 
filtering 
that 
can be eliminated 
by proper 
selection 
of the speaker. 
If 


this 2 pole response 
is electronically 
produced, 
it should 
be adjusted 
as described 
in Note 
1. 


Note 3: This 
is optional 
filtering 
that 
can be eliminated 
for simpler 
systems. 
The acceptable 


range 
for this 
cutoff 
frequency 
is 6000 Hz-8000 
Hz. 
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Circuit for Evaluation of 
Custom Vocabulary EPROM 
Prototype Set 


In the process 
of developing 
a product 
with 
a "custom" 


generated 
vocabulary, 
it may 
be necessary 
to develop 


special 
circuitry 
for listening 
to and evaluating 
your proto· 


type synthesized 
vocabulary 
prior to committing 
to read 


only memory 
(ROM) production. 


The prototype 
set will 
normally 
be supplied 
by National 


Semiconductor 
in the form of 2716 EPROM (Intel pinout) 


sets. 
The 
SPC 
(speech 
processor 
chip, 
part 
number 


MM54104) communication 
with EPROM sets does require 


some external 
hardware 
considerations 
which may not be 


necessary 
in the 
final 
ROM 
application, 
especially 
in 


multiple 
EPROM-equivalent 
ROM situations. 
(For exam· 
pie, four 16k·bit 2716 EPROMs equal one 64k-bit ROM.) 


Shown 
on next 
page 
is a recommended 
circuit 
which 


shows 
proper 
interface 
between 
2716 EPROMs 
and the 


SPC. The circuit 
covers 
vocabularies 
from the minimum 


system 
of one 2716 (16k bits) 
to larger 
vocabularies 
of 


eight 2716s (128k bits). It is also true, that in an application 
requiring 
only one 2716, the MM74LS138 
decoder 
device 


can be eliminated 
by connecting 
pin 20 of the 2716 to Vss 


(ground). The remaining 
unused 
pins 36, 37 and 38 of the 


SPC can be left unconnected 
in this case. 


In any DIGITALKER™ 
design, an applications 
suggestion 


is in the area of unused input pins of the SPC. It should 
be 


understood 
that the number of different 
expressions 
and 


coincident 
addresses, 
as designated 
by the custom 
vo- 


cabulary, 
determines 
how many of the SW word address 
pins (pins 8-15) on the SPC are utilized. 
Vocabularies 
of 


less than 128 addresses 
will not use SW 8; vocabularies 
of 


less than 64 addresses 
will not use SW 7 or SW 8, and etc. 


These 
unused 
SW pins 
must 
be tied 
to Vss (ground) 
to 


simplify 
the application. 
In fact, any unused 
input 
to the 


SPC must be tied to Vss. 


FILTERING 


Use of the DIGITALKER 
is quite straightforward, 
however, 
a point on application 
that must be covered 
in this brief 


concerns 
the frequency 
response 
of the output 
speech. 
The ultimate 
quality 
of the DIGITALKER 
will strongly 
de- 
pend upon the filter, amplifier 
and speaker 
choices 
made 
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by the user. For that reason, it is important 
to understand 


the output 
characteristics 
of the device. 


Because 
the synthesized 
speech 
data 
is derived 
from a 


differentiated 
and sampled 
input signal, 
it is necessary 
to 


pass the output 
waveform 
of the MM54104 through 
a low- 


pass filter with a cutoff 
frequency 
of approximately 
200 Hz 


and an attenuation 
characteristic 
of 20 dB/decade. 
This 


compensates 
for the high frequency 
pre·emphasis 
used in 


the synthesis 
technique. 
If the system 
of interest 
has a 


natural 
rolloff 
near 200 Hz, this 
low-pass 
filter 
can 
be 


eliminated. 
The important 
item 
is that 
the entire 
audio 


system 
should 
have a cutoff 
frequency 
of approximately 


200 Hz. The placement 
of the cutoff 
frequency 
may be ad- 


justed 
for the particular 
type of voice being synthesized. 
A 


low pitched 
man's voice might sound better with a 100 Hz 


cutoff 
point 
while 
women's 
and 
children's 
voices 
may 


show improvements 
with a 300 Hz cutoff. 


As an example 
of how the overall frequency 
response 
of a 


particular 
application 
can 
minimize 
the 
need for extra 


filtering, 
consider 
the DIGITALKER 
as a voice announce- 


ment circuit 
in a telephone 
system. 


In this 
case, 
the telephone 
network 
provides 
a natural 


attenuation 
to high 
frequencies 
that 
balances 
the SPC 


high frequency 
pre·emphasis. 
As a result, 
the low-pass 


filter 
previously 
mentioned 
can be eliminated. 
However, 


because signal frequencies 
above 3 kHz must be attenuat- 


ed before they are allowed 
to pass into the telephone 
net- 


work, a cutoff 
filter of 3400 Hz may be required 
in place of 


the previously 
mentioned 
200 Hz low-pass 
filter. A good 


filter 
for this 
application 
is the National 
Semiconductor 


AF133 active filter. 


In addition 
to the 200 Hz to 3400 Hz low-pass filter, an extra 


stage 
of low·pass 
filtering 
can be used for frequencies 


above 7 kHz. This filter 
is optional 
and is normally 
only 


used to further 
reduce sampling 
noise. Most systems 
can 


omit this filter, especially 
if the overall system 
bandwidth 


is not very wide. A second optional 
filter can be included 
to 


limit 
the overall 
low frequency 
response 
of the system. 


This high-pass 
filter 
would 
normally 
cutoff 
below 200 Hz 
(adjusted 
to match 
the 200 Hz low-pass 
if provided). 
This 


high-pass 
filter 
limits 
low frequency 
noise, and can usu- 


ally 
be omitted 
If system 
characteristics 
do not require 


this function. 


"The 
recipient 
of lhese 
products 
automallcally 
receives 
a non-exclusive 
license 


under U.S. Patent Application 
432,859 and any patent 
or patents 
issuing 
thereon 
to 


use such 
products, 
10 assemble 
or otherwise 
incorporate 
them 
Into further 
prod· 


ucts 
which 
may be covered 
by said patent 
application, 
or any patent 
or patents 


issuing 
thereon, 
and to use, sell, or otherwise 
dispose 
of such 
prOducts': 


Protected 
by U.S. Pal. No. 4124125, F.M. Mozer licenses 
available. 
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Speech Synthesis 


Electronic 
speech circuits 
offer 
a new dimension 
of 
sophistication 
to many modern machines. As annuncia- 
tors in trains, elevators, office buildings, autos, airplanes, 
terminals, toys and games, etc., electronic speech circuits 
provide a more direct and natural announcement than 
bells, buzzers or lights. With electronic 
voice signals, 
complex directions can be clearly given in any language 
and with a minimum of effort. 


In the past, electronic announcement systems required 
elaborate tape mechanisms. These systems were expen- 
sive and troublesome, so their use was limited to the small 
number of applications 
that required speech announce- 
ments (e.g., telephone announcement systems). The first 
all·electronic systems used analog to digital conversion 
techniques to convert actual voice into digital signals. 
These digital speech signals were then stored as PCM or 
delta modulation 
signals 
in semiconductor 
memories. 


The major 
problem 
with 
this 
arrangement 
was 
the 
massive memory required for a moderate amount of an- 
nouncement time. One second of digital speech, in this 
configuration, 
required from 16k to 100k bits of memory. 


The latest solution 
to electronic 
speech is known as 
speech synthesis. This technique 
provides a dramatic 
reduction 
in the memory required for one second of 
speech. Memory requirements range from 400 bits to 2000 
bits per second depending on the desired speech attri- 
butes and overall quality. The synthesizer technique takes 
advantage of the fact that speech signals are highly 
redundant and predictable. 
By coding only the slowly 
varing coefficients of speech or by dramatic compression 
of digitized speech, significant 
bandwidth reductions in 
the digitized signal can be realized. These techniques, 
coupled with LSI semiconductor 
technology, make true 
voice synthesis practical. 


The National Semiconductor speech processor chip (SPC) 
provides the complete speech synthesis reproduction cir· 
cuitry needed to generate high quality and natural speech 
(male, female or a child's voice), electronic tones or music. 
A complete chip set is called the DIGITALKERTM.It con· 
sists of the speech processor chip and a speech ROM.The 
applications 
for this chip set are endless, but to name a 
few: 


Voice interactive computer terminals 
Automotive, nautical and aeronautical instrumentation 
annunciators 
Voice-back 
units 
for 
banking, 
weather 
and 
time 
linnouncements, answering machines, etc. 
Elevators, trains, subway systems, etc. 
Consumer appliances, toys and games 
Warning systems for fire and police emergency 


All of these applications 
benefit from the lower overall 
cost, high reliability, excellent performance and fast con- 
trol response afforded by the National Semiconductor 
DIGITALKER™ system. The remainder of this note will be 


National 
Semiconductor 
Application 
Note 252 
JimSmith 
Dave Weinrich 


devoted to a description of the MM54104 SPC, the tech- 
nique used to synthesize speech and finally a review of the 
major DIGITALKERTMapplications. 


SPEECH SYNTHESIS 


The 
basic 
phonological 
element 
of 
speech 
is 
the 
phoneme. The phoneme represents a simple sound that 
by itself cannot distinguish 
different words. Phonemes, 


together with speaker inflection, volume, emphasis, etc. 
are the fundamental building blocks of speech. The overall 
quality of any speech synthesizer, therefore, is directly 
controlled by its ability to faithfUlly reproduce all of the 
necessary 
speech 
attributes 
and 
not 
just 
phoneme 
reproduction. 


The common American English language consists of ap- 
proximately 38 to 40 phonemes-14-16 
vowel sounds and 
24 consonant sounds. Each phoneme is generated with 
either a voiced sound, as in "eye", or an unvoiced sound 
like the sh in "shy". This difference between a voiced and 
unvoiced sound is very important because the unvoiced 
sounds are generally fewer in number and less dependent 
upon the physiological 
characteristics 
of the speaker. A 
speech synthesizer, it turns out, can exploit this important 
difference. Finally, normal speech rates are approximate- 
ly 10 to 15 phonemes per second (including silence inter- 
vals). Since 38·40phonemes can be coded using 6 bits, the 
normal bit rate for phoneme reproduction is approximate- 
ly 60 to 90 bits per second. This bit rate, however, contains 
only phoneme information which is only one of the many 
important speech attributes. 


Since phoneme reproduction 
is a basic element in any 
speech synthesizer, an understanding of phoneme con- 
struction would be useful. Speech synthesis models use 
two 
driving 
functions, 
an impulse 
source 
for voiced 
sounds and a noise source (hiss noise) for unvoiced 
sounds. Each of these driving signals are filtered into 
specific 
frequency bands or formants 
by time-varying 
filters. The net result, for any particular set of valid filter 
coefficients, is a formant sound. In the human vocal tract 
system, the driving function consists of the lungs as the 
energy source, and the vocal cords for generating a voiced 
sound. The driving function for an unvoiced sound relies 
on the noise generated as air rushes through the vocal 
chambers and not on vocal cord vibrations. The formants 
are then generated by the resonant chambers of the 
throat, 
mouth 
and nasal cavities. 
By controlling 
the 
physical nature of these chambers with mouth position, 
tongue position and throat orifice size, a speaker can con- 
trol the formants to generate a phoneme. It should be 
noted, however,that formants are identified by distinctive 
frequency bands. The unvoiced sounds do not generate 
these distinctive bands and therefore do not necessarily 
require the "normal" formants for a faithful reproduction. 
These sounds are characterized by a noise or hiss with 
very little resonance. This unvoiced resonance is normally 
identified as a fricative formant (e.g., the "sh" sound) and 
is characterized by an unusually large content of high 
frequencies. 
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sounds. An additional 
resonance, 
called nasal resonance, 


may be included 
but no dynamic 
formant 
function 
is usu- 
ally associated 
with the nasal resonator. 
For the synthesis 
of a normal 
English 
vowel 
using 
a male voice, the three 
basic formants 
would fall into the approximate 
frequency 
bands of 200 Hz to 800 Hz, 900 Hz to 2300 Hz and 2400 Hz to 
3000 Hz. The fricative 
formant 
is typically 
a pulse of high 
frequency 
noise in the band from approximately 
2500 Hz 
to 8000 Hz, with the higher 
frequency 
fricatives 
like "th" 
usually 
much lower in relative 
amplitude 
when compared 
to the "sh" 
fricative 
sound. 


The 
basic 
formant 
synthesizer 
requires 
formant 
filter 
coefficient 
data, amplitude 
control 
data and driving 
func· 
tion control 
data. This minimum 
system 
could synthesize 
speech. 
but would 
not control 
inflection 
or emphasis. 
Its 
quality. 
therefore, 
can 
be 
very 
disappointing. 
Normal 


memory 
requirements 
for a minimal 
system 
are approxi- 
mately 
400 bits for one second 
of speech. 


A second 
approach 
to speech 
synthesis 
does 
not auto- 
matically 
break 
speech 
into 
its 
minimum 
phonological 
elements. 
Instead, 
the speech waveform 
is sampled, 
digi· 
tized 
and compressed 
by the elimination 
of symmetrical 
redundancy 
and silent 
intervals. 
the use of adaptive 
delta 
modulation, 
and the adjustment 
of phase 
information 
in 
the digitized 
speech. 
In this way, speech elements 
can be 
synthesized 
as phonemes, 
phoneme 
groups, 
words 
or 
even whole 
phrases. 
Also, 
the attributes 
of the original 
speaker 
can be maintained 
if the synthesized 
elements 
are not broken down incorrectly 
(I.e.•inflection 
can modify 
the sound of a phoneme 
if it occurs 
at the end of a word or 
phrase 
rather than at the beginning). 


FILTER 
AND 


AMPLIFIER 


sounds 
are compressed. 
Unvolceo 
souna,;, 
IIUW"'''., 
a,a 


compared 
to the 
available 
sounds 
and 
synthesized 
by 
substitution. 
This 
approach 
is successful 
because 
un- 
voiced sounds 
have very few speaker 
defined 
characteris- 


tics. As a result, a relatively 
small set of unvoiced 
sounds 
can be used repeatedly. 


This 
speech 
compression 
technique 
offers 
excellent 
quality 
at a low data rate. The synthesis 
of a male voice, 
using English, 
will usually 
require an average of 1000 bits 
per word. 
Because 
the technique 
can be applied 
to any 
voice frequency 
signal. 
it is also capable 
of synthesizing 
women's 
and children's 
voices, 
music 
and tones. 
This 
flexibility, 
plus 
the 
realistic 
quality 
of the 
synthesized 
speech, 
make this technique 
very attractive. 


The 
National 
Semiconductor 
speech 
synthesis 
system 
consists 
of the SPC device plus the speech memory (ROM) 
required 
to assemble 
a complete 
DIGITALKER™ 
kit. To 
this 
kit a customer 
must 
add a clock 
input 
signal 
or the 
necessary 
oscillator 
components, 
an audio 
filter 
and 
amplifier 
and 
the 
control 
circuit 
function. 
This 
would 
represent 
the minimum 
configuration 
shown 
in Figure 
1. 


The maximum 
amount 
of directly 
addressable 
speech 
memory 
accessible 
by the SPC is 128k bits, but external 
page addressing 
by the control 
circuit 
function 
can 
in- 
crease 
this ROM field 
as required. 


The 
SPC 
utilizes 
the 
speech 
compression 
synthesis 
technique. 
As mentioned 
earlier. this 
technique 
reduces 
the amount 
of memory 
needed to store electronic 
speech 
by 
removing 
the 
excess 
or 
redundant 
data 
from 
the 


T 


C2 


FIGURE 
1. 
DIGITALKER™ 
Minimum 
Configuration 
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speech signal. The four main techniques to perform that 
task are: 


1. Elimination of redundant pitch periods 
2. Adaptive delta modulation coding to minimize band· 
width and memory requirements 
3. Phase angle adjustments 
to create mirror image 
symmetry 
4. Replacing the low level portion of a pitch period with 
silence (half·period zeroing) 


National Semiconductor uses an elaborate computer pro· 
gram to analyze a high fidelity tape recording and gener· 
ate a ROM pattern that will 
faithfully 
synthesize the 
original voice message. 


Figure 
2 contains a block diagram of the MM54104SPC. 


The eight-bit start address bus allows up to 256separately 
defined sounds or expressions to be stored in the speech 
ROM. The control interface to the start address port can 
take the form of decoding logic, a MICROBUS™ port or 
mechanical switches. 


When the WR goes high, the start address code is loaded 
into the control word address register. The SPC uses this 
control address to fetChthe control word from ROMfor the 
first block of speech data. The control 
word contains 
waveform 
information, 
repeat information 
and the ad· 
dress of the speech data. This address is loaded into the 
phoneme address register and is used to fetch the speech 
data used to recreate the speech waveform. Before the 
synthesis takes place, the waveform data must be decod- 
ed to provide information such as male or female, voiced 
or unvoiced, half-period zeroed or not half·period zeroed 
and silence. 


The unsynthesized waveform for a typical voiced pitch 
period might look like the signal shown in Figure3a. 
In the 
process of converting 
this signal to a synthetic 
form, 
several operations are performed. First, the phase delay of 
the signal 
can be adjusted 
to create a symmetrical 
waveform about the center of the pitch period as shown in 
Figure 
3b. The next step will replace the low level begin· 
ning and ending quarters of the waveform with silence 
(Figure 
3c). The result is a compression factor of 4 to 1 on 


the original voice data. Now, delta modulation is applied 
and the results are shown in Figure 
3c. Synthesis of the 
waveform starts with a period of silence (no speech data 
required), a quarter period of adaptive delta modulation- 
generated speech followed 
by the same speech data 


(a) Original Speech Waveform 
(b) Phase Angle Adjusted to Create Mirror Symmetry 
(c) Half-Period Zeroed and Delta Modulated 


START 


ADDRESS 


SPEECH 


ROM 
DATA 


FIGURE 2. MM54104 Block Diagram 
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fetched 
in reverse. 
Finally, 
the 
SPC 
will 
finish 
the 
last 


quarter 
cycle 
of the speech 
block 
period 
with silence. 
This 


ohase 
modified 
speech 
data sounds 
the same as the origi- 
nal speech. 


At the end of a waveform 
or speech 
block, 
the SPC makes 


a decision 
about 
repeating 
the sequence. 
Each waveform 


of a typical 
voiced 
signal 
may be repeated 
an average 
of 3 


to 
4 
times. 
The 
typical 
unvoiced 
waveform 
may 
be 


repeated 
approximately 
7 to 8 times. 
Once 
the 
proper 


number 
of repeats 
has been generated, 
the SPC will begin 


a new speech 
block 
sequence. 
This 
operation 
continues 


until 
the SPC has executed 
all control 
words 
associated 


with 
the original 
eight-bit 
start 
address 
code. 


SPC speech 
signals 
are stored 
as adaptive 
delta 
modula- 


tion 
data. This encoding 
technique 
exploits 
the relatively 


predictible 
and slowly 
changing 
characteristic 
of voiced 


speech. 
Because 
of the small 
di fferential 
between 
succes- 


sive speech 
samples, 
a delta value rather than an absolute 


value 
can be used to determine 
the actual 
speech 
signal. 


Addition 
of 
the 
delta 
value 
to 
previously 
accumulated 


values 
will result 
in a new output 
waveform 
signal 
level. An 


adaptive 
technique 
is used so that the delta 
step size can 


change 
in response 
to slope 
variations. 
This 
technique 


uses multiple 
delta 
modulation 
step sizes to obtain 
a more 


accurate 
resolution 
and yet, the required 
amount 
of stored 


data 
remains 
lower 
than 
the 
information 
required 
for a 


more 
conventional 
encoding 
scheme. 


The internal 
SPC clock 
is derived 
from 
a programmable 


frequency 
generator. 
Variations 
in the 
frequency 
of this 


clock, 
through 
the control 
word, allow 
the SPC to add a ris- 


ing and falling 
pitch 
to speech 
sounds 
and syllables. 
This 


derived 
pitch 
variation 
adds a natural 
inflection 
to the syn- 


thetic 
speech. 


Just 
as pitch 
variations 
are used to increase 
realism, 
so 
must 
the 
SPC 
use gain 
variations. 
Both 
techniques 
are 


controlled 
by data 
stored 
at the 
beginning 
of a speech 


block 
and the programmable 
oscillator 
and output 
ampli- 


fier circuit 
blocks 
of the SPC. 


Use of the DIGITALKER™ 
is quite 
straightforward 
and will 


be outlined 
in the next section. 
However, 
a point 
on appli- 
cation 
that 
must 
be covered 
in this 
note 
concerns 
the 
frequency 
response 
of the 
output 
speech. 
The 
ultimate 
quality 
of the 
DIGITALKER™ 
will 
strongly 
depend 
upon 


the filter, 
amplifier 
and speaker 
choices 
made by the user. 


For that 
reason, 
it is important 
to understand 
the output 


characteristics 
of the device. 


Because 
the 
synthesized 
speech 
data 
is derived 
from 
a 


differentiated 
and sampled 
input 
signal, 
it is necessary 
to 
pass the output 
waveform 
of the MM54104 
through 
a low- 
pass filter 
with a cutoff 
frequency 
of approximately 
200 Hz 


and 
an attenuation 
characteristic 
of 20 dB/decade. 
This 


compensates 
for the high frequency 
pre-emphasis 
used in 


the 
synthesis 
technique. 
If the system 
of interest 
has a 


natural 
rolloff 
near 
200 
Hz, this 
low-pass 
filter 
can 
be 
eliminated. 
The 
important 
item 
is that 
the 
entire 
audio 
system 
should 
have a cutoff 
frequency 
of approximately 
200 Hz. The placement 
of the cutoff 
frequency 
may be ad- 
justed 
for the particular 
type of voice being synthesized. 
A 


low pitched 
man's 
voice 
might 
sound 
better 
with 
a 100 Hz 


cutoff 
point 
while 
women's 
and 
children's 
voices 
may 
show 
improvements 
with a 300 Hz cutoff. 
Figure 
4a shows 
a filter 
and amplifier 
circuit 
for this 
minimum 
frequency 
response 
characteristic. 


As an example 
of how the overall 
frequency 
response 
of a 


particular 
application 
can 
minimize 
the 
need 
for 
extra 


filtering, 
consider 
the 
DIGITALKER™ 
as 
a 
voice 
an- 
nouncement 
circuit 
in a telephone 
system. 


In this 
case, 
the 
telephone 
network 
provides 
a natural 
attenuation 
to high 
frequencies 
that 
balances 
the 
SPC 
high 
frequency 
pre-emphasis. 
As a result, 
the 
low-pass 
filter 
previously 
mentioned 
can 
be eliminated. 
However, 


because 
signal 
frequencies 
above 3 kHz must be attenuat- 
ed before 
they are allowed 
to pass into the telephone 
net- 
work, 
a cutoff 
filter 
of 3400 Hz may be required 
in place 
of 
the previously 
mentioned 
200 Hz low-pass 
filter. 
A good 
filter 
for this 
application 
is the 
National 
Semiconductor 
AF133 active 
filter. 


In addition 
to the 200 Hz to 3400 Hz low-pass 
filter, an extra 
stage of filtering 
can be used for frequencies 
above 7 kHz. 
This 
filter 
is optional 
and is normally 
only 
used to further 
reduce 
sampling 
noise. 
Most 
systems 
can omit 
this 
filter, 
especially 
if the overall 
system 
bandwidth 
is not very wide. 


A second 
optional 
filter 
can be included 
to limit the overall 
low 
frequency 
response 
of 
the 
system. 
This 
high-pass 
filter 
would 
normally 
cutoff 
below 
200 
Hz (adjusted 
to 
match 
the 
200 Hz low-pass 
if provided). 
This 
high-pass 
filter 
limits 
low frequency 
noise, 
and can usually 
be omit- 
ted if system 
characteristics 
do not require 
this 
function. 


A circuit 
having 
the full frequency 
response 
characteristic 
is shown 
in Figure 
4b. Figure 
5 shows 
the recommended 


overall 
speech 
synthesis 
system 
frequency 
response. 


While 
the 
variety 
of 
synthetic 
speech 
applications 
are 
numerous, 
the 
actual 
implementation 
in any 
single 
ap- 
plication 
is usually 
limited 
to one of the following 
three 


techniques: 


(a) Single 
channel, 
hardware 
control 
logic 


(b) Single 
channel, 
software 
control 
logic 


(c) Multichannel, 
hardware 
or software 
control 
logic 


Each 
of 
these 
circuit 
approaches 
for 
the 
SPC 
will 
be 
discussed 
in this 
section. 
Particular 
emphasis 
will 
be 
placed 
on items 
(b) and (c), however, 
because 
of the broad 
application 
possibilities 
for these 
two techniques. 


Certain 
applications 
require 
a relatively 
small 
number 
of 
sentences 
or announcements 
with 
very 
little 
similarity 
between 
the different 
sentences. 
An example 
of this appli- 


cation 
might 
be a talking 
elevator 
controller 
where 
the 
messages 
are brief 
and 
non-redundant 
(e.g., "going 
up, 


first 
floor, 
second 
floor", 
etc.). In this 
application, 
certain 
words 
are used repeatedly 
but the number 
of messages 
is 
limited 
and the length 
of each 
message 
is short. 
This ap- 
plication 
and 
others 
just 
like 
it, 
do 
not 
require 
the 
assembly 
of short 
phrases 
into complete 
sentences, 
nor 
do they require 
a dynamic 
message 
structure 
as would 
be 
reqUired 
with 
an automatic 
bank teller 
(e.g., "your 
chang!> 
is ten 
dollars") 
where 
a monetary 
amount 
may 
change 
from 
message 
to message. 
This 
fixed 
message 
applica- 
tion, 
therefore, 
may 
only 
require 
the 
minimum 
control 


circuit 
as shown 
in Figure 
6. 


In Figure 
6, the SPC receives 
a separate 
coded 
input 
for 
each complete 
sentence 
or message 
that 
is synthesized. 


This input 
code is received 
by the SPC through 
theSW 
1-8 
port. 


The circuit 
shown 
in Figure 
6 uses 
a mechanical 
switch 
group 
to interface 
the SPC while 
the Figure 
7 circuit 
uses 
a hardwarp. 
logic 
controller 
to input 
the coded 
message 
control 
data. 
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After the proper message address is established on the 
SW 1-8 port, a momentary pulse must be applied to the 
WR line. If this signal is applied with a momentary action 
switch, as shown in Figure 6, then an external pull-up re- 
sistor should be used to pull the WR line up to logic high 
and complete the on-chip switch debounce circuitry. The 
suggested value of this resistance is one megohm. The 
WR input signal will latch the coded message address into 
the SPC on the rising edge of WR and initiate the synthetic 
speech message. Since each complete message uses a 
unique address code of the SW 1-8 port, no further control 
action is required after this point. The SPC will synthesize 
the requested message and return to the idle state. If a 
new input command signal is received, either during or 
after a message is synthesized, the SPC will immediately 
abort the current message and begin the new one. The cir- 
cuit in Figure 7 shows a lock-out circuit to prevent the 
aborting of a current message so that messages must be 
completed before a new message can be initiated. 


In Figure 7,a message is initiated whenever a valid code 
word is applied to the eight-bit SW 1-8 port of the SPC.The 
valid code is detected by the combinational 
logic decoder 
and timed to insure all transitions 
have died. Once the 
valid code is timed, an S-R latch is set and a WR rising 


edge is generated to start the SPC. This latch circuit also 
prevents retriggering of the SPC until after the present 
speech message is completed. 
Once the synthesized 


message has ended, the SPC will set the INTR line to the 
logic one state and a reset pulse will be generated to reset 
the lock-out latch. A new speech message can now be 
started by momentarily 
applying an idle address code 
followed by a valid code on the SW 1-8 input port. 


The SPC will directly address up to 128k bits of speech 
memory. Figure 8a shows a typical 
speech ROM con- 


figuration of 128kusing two 64k ROMs.The types of ROMs 
used have mask programmable chip selects, therefore, no 
extra decode logic is required for memory requirements of 
less than 128k.Although this memory size is usually suffi- 
cient for most applications, certain systems may require 
added speech ROM addressing. The circuit in Figure 8b 
shows how the speech ROM of an SPC kit can be expand- 
ed in 128kbit pages or modules. Each page is arranged to 
contain a complete portion of the entire speech library for 
a particular system. Each single speech data block, as 
addressed via the start address port of the SPC, must be 
contained within one ROM page. No page boundaries can 
be crossed during the synthesis of a speech expression. 
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.\lhile the simple control schemes discussed so far can be 
used in many applications, a far more important group of 
applications 
will take advantage of the SPC's ability to 


construct sentences from a group of words, sounds and 
phrases. This type of application uses an intelligent con- 
troller or a microprocessor to string together a group of 
synthesized phrases to form a complete sentence. The 
electronic bank teller, previously mentioned, is a good 
example of this application. The microprocessor controls 
the stringing of SPC code addresses and applies them, 
one at a time, to the SW 1-8 port of the SPC. Handshake 
timing between the microprocessor and the SPC is pro- 
vided with the INTR line. This microprocessor 
interface 


arrangement is known as MICROBUST•• and the configur- 
ation is shown in Figure 9. 


The use of a microprocessor controller expands the versa- 
tility of the SPC tremendously. Messages that are com- 
posed of numerical responses or fixed phrases in random 
sequence can be easily constructed from a library speech 
memory. In addition, various tones or warnings can be syn- 
thesized and added before, during, or after an announce- 
ment to identify the urgency of each message. For exam- 
ple, an automobile message may state that "oil pressure 
is low". Alone, that message may only mean that pressure 
has dropped but no immediate hazard exists. If, however, 
pressure has dropped below a critical value, the message 


could be compounded to say "warning, oil pressure is low, 
pull over and stop the engine". In this latter case, phrases 
of high urgency are added to the initial message to in- 
crease its level of importance. Of course, the second 
message is not completely separate from the first but is, 
instead, an expansion of the first. This technique allows 
fewer input address codes to initiate a larger number of 
messages without assigning a separate address code for 
each message and for each of its derivatives. This would 
be particularly 
important 
to an electronic 
bank teller 
since a large number of monetary amounts must be syn- 
thesized 
for 
a 
relatively 
small 
number 
of 
finished 
sentences. 


When preparing a speech ROMfor an SPCthat will synthe- 
size whole sentences from groups of phrases, it is impor- 
tant to note the desired inflections. The SPC has the abili- 
ty to synthesize all of the important 
speech attributes 
including pitch and gain variations, emphasis, inflection, 
etc. This leads to very high quality 
life-like synthetic 
speech if the stringing of phrases does not result in an 
artificial emphasis or inflection. It is important to choose 
phrases carefully and to record them with the attribute 
required for a realistic 
sentence string. The stringing 
of phonemes should be avoided whenever possible be- 
cause the natural inflection 
is usually lost in such an 
arrangement. 
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A low cost intelligent controller for the SPC is one of the 
COP400 series of microcontrollers. 
Figure 
10 shows one 


possible arrangement of an SPC system and a COP420. 
The COP provides all of the advantages associated with a 
MICROBUS™ interface at a relatively low cost. Because 
of its limited 
110 structure, the COP's serial 
110 port is 


expanded as required to obtain the desired number of 
input lines. 


The final 
application 
technique 
to be covered is the 


multichannel 
configuration. 
The previous arrangements 


used an SPC and a dedicated set of speech ROMs to pro· 
vide a single channel of synthetic speech. Appliances, 
autos, toys and games, terminals, etc. would probably use 


a single channel SPC arrangement. But an entirely dif· 
ferent group of products could take advantage of a multi- 
ple channel approach to reduce the ROM requirements. 
This group of products includes multiple elevator con· 
trollers, electronic 
bank tellers, multiple 
pupil learning 


centers, voice response telephone answering equipment, 
telephone switching system call announcement centers, 
etc. In this application, each channel would use a separate 
SPC and amplifier 
circuit, 
but several channels would 


share a common controller and speech library ROM. A 
typical configuration 
is shown in Figure 
11. 


The library ROM of Figure 
11 is shared over eight SPC 


channels. Each SPC channel is scanned once in 161"s as 
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one P.s, the data from the ROM IS 
CIOC""u 
"HV 
•• ,~ 
channel's octal data latch, the output of which is con- 
nected to the SPC ROMdata input port. The remaining 1P.s 
of each channel cycle is provided for bus settling time. 


When the speech library ROM is shared over many chan- 
nels, the actual number of shared channels is controlled 
by the MM54104SPC memory cycle timing. Because the 
channel scanning is asynchronous to the SPC cycle tim- 
ing, it is necessary for each channel to be scanned at least 
once during the high interval of the ROMEN signal. As 
shown in Figure 13,this signal is high for at least 20 P.sof 
each memory fetch cycle. Thus, a scanning rate of one 
channel 
every 16 P.s will 
insure that each channel is 


scanned at least once while the ROMEN signal is high. 


One final note is necessary about the configuration 
in 
Figure 
11. Simple 
modifications 
to the 
counter 
and 
decoder circuitry would allow this circuit to handle sixteen 
channels. 
A 
four-line 
to 
sixteen-line 
decoder 
would 


replace the three to eight decoder and the clock would 
directly 
enable the decoder during the logic low clock 


period. All sixteen channels would be scanned every 16P.s 
and the scan interval for each channel would be one P.s- 


scneme 
reuu(,;t:1;;>lite II ...•...•.•............ 
__ 


speech ROM and each SPC channel. By multiplexing 
address and data over the same parallel bus, fewer wires 
are needed. This approach is particularly attractive when 
each SPC channel is located on an individual circuit card. 
A telephone central office or PABXannouncement system 
is a typical example of a channel per card arrangement. 
Figure 14 represents that type of system. 


As shown in Figure 15, each channel of the unified bus 
approach is scanned for one p.s. As many as sixteen chan- 
nels, therefore, can be scanned during the ROMEN high 
cycle of any SPC. During each channel scan, the bus is 
gated to transmit the ROM address to latches on the ROM 
circuit board. The address is sent in two bytes. After a brief 
delay of one-half 
P.s, the bus is gated to return the 
requested ROM data to the same SPC channel. This data 
is then latched on the SPC channel card. This scheme is 
very straightforward. 
It exchanges reduced interconnect 
wiring for additional logic circuits. 


To minimize interconnect wiring when using a unified bus 
structure, the SPC control logic would probably be con- 
figured on a per channel basis. The COP microcontroller, 
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once again, 
is a logical 
choice 
for this 
function. 
The COP 
controller 
initiates 
and 
assembles 
a 
group 
of 
fixed 
messages. 
Because 
of general 
similarities 
between 
the 
various 
messages, 
phrase 
strings 
are used 
to construct 
each 
finished 
message. 
Also, 
the 
circuit 
in 
Figure 
14 
allows 
one message 
to contain 
a non-fixed 
message-a 
telephone 
number. 
The COP controller 
reads 
a group 
of 
program 
switches 
or receives 
a down-loaded 
number 
from 


the switching 
system's 
central 
processor. 
It then 
inserts 


this 
number 
into 
the 
appropriate 
place 
during 
the 
syn- 


thesis 
of the 
following 
typical 
message-"The 
number 


you 
are calling 
has 
been 
changed. 
The 
new 
number 
is 
555-3434". 
The 
ROM 
library 
in 
this 
case 
contains 
the 
phrases 
required 
for message 
construction 
and the data 
needed 
to synthesize 
the name of each decimal 
digit. 
The 


library 
could 
also contain 
the names of the teen digit 
pairs, 


and the words 
"hundred" 
and "thousand". 
These would 
be 
used to synthesize 
the words 
"thirteen 
hundred" 
or "two 
thousand", 
etc. 
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This application 
note describes some of the versa- 


tility 
and flexibility 
of 
the 
National 
Semiconductor 
DIGITALKER™System. This system provides low cost 
speech and tone synthesis for products ranging from 
consumer items to computers. It provides a reliable alter- 
native to mechanical systems (Le.,tape decks) without 
sacrificing voice quality. Also described in this note area 
few of the most popular circuit arrangements possible 
with the DIGITALKER™.Of particular interest are the 
methods outlined to assemble whole messages from 
phrase groups and the schemes used for multichannel 
synthesizer systems.This latter application is particularly 
interesting 
because of the memory savings for the 


multichannel user. 
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I. RELIABILITY 
vs. QUALITY 


The words 
"reliability" 
and "quality" 
are often used 
interchangeably, 
as though 
they connoted 
identical 


facets 
of a product's 
merit. But reliability 
and quality 
are 
different, 
and IC users must understand 
the essential 
difference 
between 
the two concepts 
in order to properly 
evaluate 
which of National's 
extended 
screening 
programs, 
A+ 
or B+ will offer the most cost effective 
product 
improvement 
for his application. 


QUALITY 


The concept 
of QUALITY 
gives us information 
about the 
population 
of faulty 
IC devices 
among 
good devices, 


and generally 
relates to the number 
of faulty devices 
that arrive at a user's 
plant. Looked 
at in another 
way, 


quality 
then relates 
to the number 
of faUlty IC's that 
escape 
detection 
at the IC vendor's 
plant. 


At National, 
it is the charter 
of the Quality 
Control 
(QC) 
Operation 
to continually 
monitor 
and reduce the number 


of faulty 
IC's that escape 
detection. 
QC does this by 


testing 
the outgoing 
parts on an Acceptance 
Quality 


Level (AQL) basis.1 
The tighter 
the AQL testing, 
the 
more difficult 
it becomes 
for a defective 
part to escape 
detection, 
thus the quality 
of the shipped 
product 
increases. 


RELIABILITY 


The concept 
of RELIABILITY, 
on the other hand, refers 


to how well a part that is initially 
good will withstand 
its 


environment. 
Reliability 
cannot 
be tested 
into a device. 
Reliability 
is principally 
a function 
of device 
design, 
die 


size, power dissipation, 
assembly 
methods 
and material, 


etc. Still there are tests and procedures 
that an IC 


vendor 
can implement 
which will sUbject the IC to stress 


in excess 
of what it will endure 
in actual 
use, which 
will 


eliminate 
marginal, 
short-life 
parts. 


On this basis, it is easily 
seen that it is possible 
that 
high quality 
IC's may, in fact, have low reliability, 
while 
low quality 
IC's may have high reliability. 
The object 
of 


extended 
screening 
programs 
is: 
(1) to enhance 
the 
quality 
by reducing 
the population 
of faUlty devices 
among 
good devices 
and by so doing, 
eliminate 
the 
costly 
requirement 
of incoming 
tests by the user, and 


(2) provide 
maximum 
long term reliability 
minimizing 
equipment 
down-time, 
costly 
repairs 
and maintenance. 


II. QUALITY 
SAVES 
YOU MONEY 


When 
an IC vendor 
specifies 
100lk 
final testing 
of his 
parts then, in theory, 
every shipped 
part should 
be a 


good part. However, 
in any population 
of mass- 
produced 
items there does exist a small percentage 
of 
defective 
parts. 


One of the best ways to reduce 
the number 
of such 
faulty 
parts is, simply, 
to retest the parts prior to 


shipment. 
Thus, 
if there is a one percent 
chance 
that a 


bad part will escape 
detection 
initially, 
retesting 
the 
parts reduces 
that probability 
to only 0.01 percent. 
This 
is exactly 
what tightening 
of the outgoing 
AQL level 
achieves. 


WHAT 
IS AQL? 


A good example 
of savings 
which 
can be achieved 
by 
taking 
advantage 
of tighter 
AQLllI 
inspection 
levels 
is 
illustrated 
as follows: 


Assume 
a system 
uses 100 devices 
of a certain 
type 
which 
are procurred 
to a 10/, AQL level, and no 
incoming 
inspection/testing 
is done by the user. 


Statistically 
it can be shown 
that the number 
of 
systems 
that will require 
rework 
will be 80lk 
of all 


systems 
manufactured! 
If enough 
devices 
are 
purchased 
to manufacture 
100 systems 
(10,000 
devices) 
and the cost to trouble 
shoot and repair each 
system 
is $30.00, 
the total cost of repair will be 
$2,400 
(800/, of 100 systems 
at $30.00 
each). 


Thus, the need for some preliminary 
component 
screening 
prior to system 
assembly 
becomes 
obvious. 


However, 
if the same devices 
are procurred 
to a 0.140/, 


AQL level, which 
is seven times tighter 
than originally 
assumed, 
it can be shown that the number 
of systems 
requiring 
rework 
is reduced 
by a factor of four, withouf 
the need 
for incoming 
inspection. 


Thus, on a 100 system 
basis, 20 systems 
will require 
repair at $30.00 
per system, 
or a total of $600,00. 
A 


savings 
of $1,800 
is realized, 
and the user need not 
invest in expensive 
capital 
equipment, 
procedures, 
and 
paper work. 


On a "savings 
per device" 
basis, this is a savings 
of 18' 


per device. 
Indeed, Qualify saves you money! 


This is the value added 
by the A+ 
and B+ 
Linear 
programs. 


With the increased 
population 
of integrated 
circuits 
in 
modern 
electronics 
systems 
has come an increased 
concern 
with IC failures. 
And rightly so, for at least two 
major reasons. 
First, the effect of component 
reliability 
on system 
reliability 
can be quite dramatic. 
For 
example, 
suppose 
that you, as a system 
manufacturer, 


were to choose 
an IC that is 990/, 
reliable. 
You would 
find that if your system 
used only 70 such IC's the 
overall 
reliablility 
of the system's 
IC portion 
would 
be 
only 509f. 


In other words, 
one out of every two systems 
in the field 
would 
fail. The result? A system 
that is very costly to 
produce, 
costly to maintain, 
and probably 
very difficult 
to 
sell. 


Second, 
whether 
the system 
is large or small you 


cannot 
afford 
unnecessary 
maintenance 
costs. 
Not only 
have labor, repair and rework 
costs risen - 
and 
promise 
to continue 
to rise - 
but also, field replacement 
may be prohibitively 
expensive 
or impossible. 
If you ship 
a system 
that contains 
a marginally 
performing 
IC, and 
that IC later fails in the field, the cost of repair and 
replacement 
may be literally 
hundreds 
of times 
more 
than the cost of the failed 
IC itself. 


(1) AQL testing 
is not 
to be confused with "in process" or electrical 


parameter 
testing in the normal product flow. All National prod· 


ucts are 100Cf 
tested for electrical data sheet parameters. 
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IV. IMPROVING 
THE RELIABILITY 
OF SHIPPED 
PARTS 


As was previously 
mentioned, 
reliability, 
in the true 


sense 
cannot 
be tested into a product. 
The most 
important 
factors 
that affect reliability 
are design. 
construction, 
materials 
and the assembly 
method. 


However, 
many of these can be examined 
and 
monitored 
by testing. 
As a matter of routine, 
National 


frequently 
performs 
1000 hour burn-in 
life test and 


accelerated 
life tests to continually 
guarantee 
the quality 


and reliability 
of the linear product 
which 
is being 


shipped 
to customers. 
For example, 
the quality 
of the 


die attach for voltage 
regulators 
can be monitored 
by 


observing 
the thermal 
characteristics 
associated 
with 


"pulse 
loading" 
the regulator. 
This is a technique 
which 


National 
Linear pioneered 
over 10 years ago and still 
performs 
on a 1000/< basis on three terminal 
regulators 


at no additional 
cost to the user. Many such tests, 
including 
destructive 
and non-destructive 
wire bond pull 


tests are a matter of routine with National. 


Further, 
in any test of reliability, 
the weaker 
parts will fail 


first. Stress 
tests will accelerate, 
or shorten 
the time of 


failure 
of the weak parts. Because 
the stress test 


causes 
weak 
parts to fail prior to shipment, 
the 
population 
of shipped 
parts will in fact demonstrate 
a 
higher 
reliability. 


One of, if not the most effective 
screening 
procedures 
in 


the Semiconductor 
industry. 
is the use of a burn-in 
to 


stress 
and accelerate 
the failure of weak parts. 


Thus, 
burn-in 
screen 
plus the tightened 
AQL outgoing 


testing, 
is the key to the A+ 
Linear 
Program. 


QUALITY 
AND 
RELIABILITY 
PROGRAMS 
FOR 
MOLDED 
LINEAR 
PRODUCTS 


One concern. 
with regard to quality 
and reliability 
in 
molded 
plastic 
products, 
is the problem 
of thermal 
intermittents. 
This problem 
first came to light in 1970 


and plagued 
all semiconductor 
manufacturers. 
Since 
that time considerable 
efforts 
have been focused 
on 


improving 
lead bonding 
and lead frames 
to make them 


stronger 
and more reliable 
as well as improvements 
in 
the package 
molding 
material 
itself. 


To better 
understand 
the problems 
a brief discussion 
of 


thermal 
intermittents 
is in order. 


Because 
wires and bonds are completely 
imbedded 
in 
plastic, 
molded 
integrated 
circuits 
are extremely 
rugged 
devices. 
They can survive 
mechanical 
shock 


and vibration 
conditions 
which would 
literally 
tear the 
bonds 
and wires to pieces 
in a cavity type package. 


However, 
the non-cavity 
construction 
does present 
a 


unique 
problem. 
Sould a bond fracture 
or a wire 
break for some reason, 
the broken 
bond will remain 
in 


contact 
as long as the surrounding 
encapsulant 
continues 
to exert a compressive 
force on the bond. 


However, 
as the temperature 
increases, 
the 
compressive 
forces tend to relax due to the thermal 
mismatches 
between 
the lead frame, 
die, wires and 
the plastic. 


Ultimately, 
if a high enough 
temperature 
is reached, 
the broken 
bond will separate, 
causing 
an electrical 
discontinuity. 
The phenomenon 
is frequently 


reversible, 
that is, as temperature 
decreases, 


electrical 
continuity 
is restored. 
This type of 


discontinuity 
is commonly 
referred 
to as a THERMAL 


INTERMITTENT 
OPEN. 
If electrical 
continuity 
does 


not return when the package 
temperature 
returns 
to 


ambient, 
then a permanent 
open has occurred. 


If such defects 
occur during the manufacturing 
cycle 


of the device, 
and are not screened 
out by the 


manufacturer's 
testing 
sequence 
or by some 
screening 
test imposed 
by the user, they will show up 


as infant mortality 
failures 
in the user's 
equipment. 
If 


they occur during the user's 
equipment 
manufacturing 


cycle 
(due to solder heat exposure, 
for example) 
they 


will also show up as infant mortality 
failure. 


The best way to screen 
for this phenomenon 
is to 


perform 
temperature 
cycling 
and "Hot 
Rail" testing 
after 


the device 
has been manufactured. 
The temperature 


cycling 
will stress the package 
mechanically 
to force the 


intermittent 
to occur if such a failure exists. 
The "Hot 


Rail" testing 
is performed 
to determine 
the functionality 


of the device 
at 100'C 
to ensure 
there are no open 


bonds at the worst case condition. 


NATIONAL'S 
B+ LINEAR PROGRAM GETS 


IT ALL TOGETHER 


We have stated that the B+ 
program 
improves 
both the 


quality 
and reliability 
of National's 
molded 
integrated 


circuits, 
and pointed 
out the difference 
between 
those 
two concepts. 
Now, how do we bring them together? 


The answer 
is in the B+ 
program 
processing, 
which 
is a 
continuum 
of stress and double 
testing. 
With the 


exception 
of the final QC inspection, 
which 
is a 


tightened 
sample 
program, 
all steps 
of the B + process 
are performed 
on 1000/<of the parts. 
The following 
flow 


chart shows 
how we do it, step by step. 


EPOXY 
B PROCESSING 
FOR ALL 
MOLDED 


PARTS 
- 


At National, 
all molded 
semiconductors, 


including 
IC's have been built by this process 


for some time. All processing 
steps, 


inspections 
and QC monitoring 
are designed 
to 


provide 
highly reliable 
products. 
(Reliability 


reports 
are available 
that give, in detail, the 


background 
of Epoxy B, the reason 
for its 
selection 
at National 
and reliability 
data that 


proves 
its success.) 


SIX HOUR, 
150'C 
BAKE 
- 


This stress 
places the die bond and all wire 


bonds into a combined 
tensile 
and shear stress 


mode, and helps eliminate 
marginal 
bonds 
and 


electrical 
connections. 


FIVE TEMPERATURE 
CYCLES 


(O'C to 100'C) 
Exercising 
the circuits 
over a 100'C 


temperature 
range further 
stresses 
the bonds 


and eliminates 
marginal 
bonds 
missed 
during 


the bake. 


ELECTRICAL 
TESTING 
These 
room-temperature 
functional 
and 


parametric 
tests are the normal 
final tests 


through 
which 
all National 
products 
pass. 


HIGH TEMPERATURE 
(100°C) 
FUNCTIONAL 
ELECTRICAL 
TEST 
- 
A high temperature 
test such as this with 
voltages 
applied 
places the die under the most 
severe 
stress 
possible. 
The test is actually 
performed 
at 100°C - 
30°C higher than the 
commercial 
ambient 
limit. All devices 
are 
thoroughly 
exercised 
at the 100°C ambient. 
(Even though 
Epoxy 
B processing 
has virtually 
eliminated 
thermal 
intermittents, 
we perform 
this test to ensure 
against 
even the remote 
possibility 
of such a problem.) 


100% DC FUNCTIONAL 
AND 
PARAMETRIC 
TESTS 
- 
This is the second 
time that room-temperature 
functional 
and parametric 
tests are performed 
to National 
data sheet electrical 
limits. 


TIGHTER-THAN-NORMAL 
QC INSPECTION 
PLANS 
- 


Most vendors 
sample 
inspect 
outgoing 
parts to 
a 0.65~ 
(or in some cases a 1~) 
AQL. When 
you specify 
the B+ 
program, 
however, 
not only 
do we sample 
your parts to a 0.28~ 
AQL for 
all data sheet dc parameters, 
but they receive 
a 0.14~ 
AQL for functionality 
as well. 


(Functional 
failures 
- 
not parameter 
shifts 
- 
cause 
most system 
failures.) 
Thus, the five to 
seven-times 
tightening 
of the AQL procedure 
gives a substantially 
higher quality 
to your B+ 
parts. And you can rely on the integrity 
of your 
received 
IC's without 
incoming 
tests at your 
facility. 


Here are the QC Procedures 
used in our B+ test 
program: 


TEST 
Electrical 
Functionality 
Parametric, 
dc 
Major Mechanical 
Minor 
Mechanical 


TEMPERATURE 
25°C 
25°C 
25°C 
25°C 


AQL 
0.14~ 
0.28~ 
0.25~ 


1~ 


NATIONAL'S A+ LINEAR PROGRAM 
THE ULTIMATE IN QUALITY AND 
RELIABILITY 


National 
has combined 
the successful 
B+ 
program 
with 
the Militaryl Aerospace 
processing 
specifications 
and 
provides 
the A+ 
program 
as the best cost-effective 


approach 
to maximum 
quality 
and reliability 
on molded 
devices. 
The following 
flow chart shows 
how we do it 
step by step. The major difference 
between 
B + and the 
A + is the burn-in 
associated 
with the A + program. 


SEM - 
Randomly 
serected 
wafers 
are taken from 
production 
regularly 
and subjected 
to SEM 
analysis. 


EPOXY 
B SEAL 
- 


At National, 
all molded 
semiconductors, 
including 
IC's have been built by this process 
for some time. All processing 
steps, 


inspections 
and QC monitoring 
are designed 
to 
provide 
highly reliable 
products. 


SIX HOUR, 
150°C BAKE 
- 


This stress 
places the die bond and all wire 
bonds 
into a combined 
tensile 
and shear stress 
mode, 
and helps eliminate 
marginal 
bonds and 
electrical 
connections. 


FIVE TEMPERATURE 
CYCLES 
(O°C to 100°C) - 
Exercising 
the circuits 
over 100°C temperature 
range further 
stresses 
the bonds and 
eliminates 
any marginal 
bonds missed during 
the bake. 


ELECTRICAL 
TESTING 
- 


These 
room-temperature 
functional 
and 
parametric 
tests are the normal 
final tests 
through 
which 
all National 
products 
pass. 


BURN-IN 
TEST 
- 


Devices 
are stressed 
at maximum 
operating 
conditions 
to eliminate 
marginal 
devices. 
Test 
is performed 
per MIL-STD-883A, 
Method 
1015.1. 


HIGH TEMPERATURE 
(100°C) 
FUNCTIONAL 
ELECTRICAL 
TEST 
- 


A high temperature 
test with voltages 
applied 
places the die under the most severe 
stress 
possible. 
The test is actually 
performed 
at 
100°C - 
30°C higher than the commercial 
ambient 
limit. All devices 
are thoroughly 
exercised 
at the 100°C ambient. 


1000/c DC FUNCTIONAL 
AND 
PARAMETRIC 
TESTS 
- 


This is the second 
time that room-temperature 
functional 
and parametric 
tests are performed 
to National 
data sheet electrical 
limits. 


TIGHTER-THAN-NORMAL 
QC 
INSPECTION 
PLANS 
- 


Most vendors 
sample 
inspect outgoing 
parts to 
a 0.65~ 
(or in some cases 
a 1~) 
AQL. When 
you specify 
the A+ 
program, 
however, 
not only 
do we sample 
your parts to a O.28~ 
AQL for 
all data sheet dc parameters, 
but they receive 
0.14~ 
AQL for functionality 
as well. (Functional 
failures 
- 
not parameter 
shifts beyond 
spec 
- 


cause 
most system 
failures.) 
Thus, the five- to 
seven-times 
tightening 
of the sampling 
AQL 
procedure 
gives a substantially 
higher quality 
to your A+ 
parts. And you can rely on the 
integrity 
of your received 
IC's without 
incoming 
tests at your facility. 


SHIP PARTS 


Here is the QC procedure 
use(;l in our A+ 
test program: 


TEST 
TEMPERATURE 
AQL' 
Electrical 
Functionality 
25°C 
0.14~ 


Parametric, 
dc 
25°C 
0.28% 


Major Mechanical 
25°C 
0.25'7< 


Minor Mechanical 
25°C 
1% 


* Note: New AQL's will be in effect June '82. Consult your local 
Sales Office. 


QUALITY 
AND 
RELIABILITY 
PROGRAM 
FOR 
HERMETIC 
PACKAGED 
LINEAR 
PRODUCT 


An improved 
quality 
and reliability 
program, 
similar 
to 
that which 
is available 
for molded 
products, 
is also 
available 
for commercial 
temperature 
range hermetic 
packages. 
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There 
is one major difference 
between 
the molded 
A+ 
program 
and the hermetic 
package 
A+ 
program. 
Since 
there 
is no material 
in contact 
with the wire bonds 
in a 
hermetic 
package, 
the need for "Hot 
Rail" functional 


testing 
at 100°C is of no benefit 
and therefore 
not 


included. 
The devices 
are electrically 
tested 
(1000/<), 


then burned-in 
and then 1000/< electrically 
tested 
again. 


If a bond failure 
were to occur during 
burn-in, 
there 
is 


no material 
in contact 
with the bond (such as plastic 
in 


the case of molded 
products) 
that would tend to restore 


the bond when the device 
cooled. 
The result is that a 
weak bonding 
wire, once broken 
causing 
an "open" 
will 
remain 
open and be caught 
at the second 
1000/< 


electrical 
screening. 


The A+ 
hermetic 
package 
program 
flow chart is shown 


below. 


NATIONAL'S A+ PROGRAM FLOW CHART 
FOR HERMETIC PACKAGES 


National 
has extended 
the successful 
B + and A + 


molded 
product 
programs 
to hermetic 
packages. 
We 
believe 
this to be the best practical 
approach 
to 
maximum 
quality 
and reliability 
for commercial 
devices. 


The following 
flow chart explains 
this program 
step by 


step. 


SEM - 
Randomly 
selected 
wafers 
are taken from 
production 
regularly 
and sUbjected 
to SEM 


analysis. 


ASSEMBLY 
AND SEAL 
- 


All processing 
steps, 
inspections, 
and QC 
monitoring 
are designed 
to provide 
highly 
reliable 
products. 
MIL-STD-883 
is the guideline 
by which all linear products 
are manufactured. 


SIX HOUR, 
150°C BAKE 
- 


This stress 
places the die bond and all wire 
bonds 
into a combined 
tensile 
and shear stress 


mode, 
and helps eliminate 
marginal 
bonds 
and 
electrical 
connections. 


FIVE TEMPERATURE 
CYCLES 
(O°C to 100°C) 
- 


Exercising 
the circuits 
over 100°C temperature 
range further 
stresses 
the bonds 
and 
eliminates 
any marginal 
bonds 
missed during 
the bake. 


ELECTRICAL 
TESTING 
- 


Every device 
will be 1000/< tested 
at 25°C for 


functional 
and dc parameters. 


BURN-IN 
- 


Devices 
are stressed 
at maximum 
operating 


condition~ 
to eliminate 
marginal 
devices. 
Test 


is performed 
per MIL-STD-883A 
method 


1015.1. 


DC FUNCTIONAL 
AND 
PARAMETRIC 
TESTS 
- 


These 
room temperature 
functional 
and 


parametric 
tests are the normal, 
final tests 


through 
which 
all National 
products 
pass. This 


is the second 
time 1000/< electrical 
testing 
is 


performed. 


TIGHTER- THAN-NORMAL 
QC 
INSPECTION 
PLANS 
- 


Most vendors 
sample 
inspect 
outgoing 
parts to 


a 0.650/< (or in some cases a 10/<)AQL. When 
you specify 
the A+ 
program, 
however, 
not only 


do we sample 
your parts to a 0.280/< AQL for 


all data sheet dc parameters, 
but they receive 


0.140/< AQL for functionality 
as well. (Functional 


failures 
- 
not parameter 
shifts beyond 
spec 
- 


cause 
most system 
failures.) 
Thus, the five- to 


seven-times 
tightening 
of the sampling 


procedure 
gives the highest 
quality 
to your A+ 


parts. And you can rely on the integrity 
of your 


received 
IC's without 
incoming 
tests at your 


facility. 


SHIP PARTS 


Here are the QC Sampling 
plans used in 


our A+ 
test program: 


TEST 
Electrical 
Functionality 
Parametric, 
dc 
Major Mechanical 
Minor Mechanical 


TEMPERATURE 
25°C 
25°C 
25°C 
25°C 


AQL* 


0.140/< 
0.280/< 
0.250/< 


10/< 


MOLDED 
HERMETIC 


PROCESS 
FLOW 
N PACKAGE 
HAND 
J 


PACKAGE 


DESCRIPTION 
A+ 
B+ 
A+ 


1000/< High Temperature 
Storage 
- 
6 Hours @ 150°C 
X 
X 
X 


1000/< Temperature 
Cycling, 
5 Cycles 
- 
0° to 100°C 
X 
X 
X 


1000/< Burn-in 
per MIL-STD-883A, 
Method 
1015.1 
X 
X 


1000/< High Temperature 
Test for Functionality 
at 1000/< 
X 
X 


1000/< DC Functional 
parametric 
Tests at Room Temperature 
X 
X 
X 


Tightened 
QC Inspection 
Plan 
X 
X 
X 


Q.C. SAMPLE 
PLAN 


TEST 
TEMPERATURE 
AQL 


Electrical 
Functionality 
25°C 
0.140/< 


Parametric, 
dc 
25°C 
0.280/< 


Major Mechanical 
25°C 
0.250/< 


Minor Mechanical 
25°C 
10/< 


A synopsis 
of the A+ 
and B+ 
programs 
is shown 
on 
the preceding 
page. Also shown 
below is a listing of 


some of the most popular 
devices 
which 
are processed 


to this program 
and are readily 
available. 


For more information 
about this, or other 
National 
Linear 
programs, 
please 
contact 
your local representative. 


LF13331 
LF13741 
LF347 
LF351 
LF353 
LF355 
LF356 
LF357 


LM1458 
LM307 
LM1496 
LM308 
LM2900 
LM3080 
LM2901 
LM310 
LM2902 
LM311 
LM2903 
LM318 
LM2904 
LM319 
LM301A 


LM324 
LM3301 
LM3302 
LM339 
LM3401 
LM346 
LM348 
LM358 
LM360 
LM361 


LM3900 
LM723C 
LM393 
LM725C 
LM4250C 
LM733 
LM555C 
LM741C 
LM556 
LM747C 
LM566 
LM748C 
LM567 
LM709C 


The B+ 
program, 
although 
offering 
improved 
Reliability 


attendent 
with additional 
stress 
testing, 
is primarily 


aimed 
at enhancing 
the quality 
of incoming 
devices 
and 


thus eliminating 
the need for incoming 
testing 
by the 


user. This program 
offers significant 
cost savings 
to the 


user and eliminates 
the need for the investment 
in 


expensive 
capital 
equipment 
to pertorm 
this testing. 
For 


all general, 
but relatively 
non-critical 
circuits, 
the B+ 


program 
is the most cost-effective. 


The A+ 
program 
incorporates 
not only the quality 
inherent 
with B+ 
program, 
but also adds burn-in 
for the 
ultimate 
in Reliability 
testing. 
The A+ 
program 
is 
recommended 
as the most cost-effective 
program 
for 
components 
which 
the user deems 
to be the most 
critical 
in his system. 


Both programs, 
A+ 
and B+, 
incorporate 
high 
temperature 
stress, 
double 
testing, 
and very tight 
out-going 
AQL QC proceedures. 


ORDER 
INFORMATION 


Any of the devices 
listed molded 
or hermetic 
package, 


may be ordered 
to the A+ 
program 
simply 
by adding 
the term A+ 
behind the device 
number, 
with a slash (/) 
in between. 


Examples: 


LM348N/A+ 


LF356H/A+ 


LM1458J/A+ 


Likewise, 
any molded 
(N package) 
product 
may be 
ordered 
to the B+ 
program 
by adding the term B+ 
behind the device 
number. 


Examples: 


LF351N/B+ 


LM741CN/B+ 


For devices 
not listed, contact 
your local National 
Semiconductor 
Sales office for information 
on 
availability 
and ordering 
information. 


~National 
~ 
Semiconductor 


Quality 
Conformance 
Quality 
conformance 
inspection 
is conducted 
in 
accordance 
with 
the 
applicable 
requirements 
of 
GroupA, 
(electrical test), Group Band C, (environ· 


mental test) of Method 5005, MIL·STD·883. 
These 


tests are conducted on a sample basis with GroupA 
performed 
on each sublot, 
Group 
B on each lot, 


and 
Group 
C as specified 
(usually 
every three 


months). 


To supply devices to MIL·M-3851O, 
the IC manu· 


facturer 
must qualify 
the devices he plans to supply 


to the detai I specifications. 
Qual ification 
consists 


of notifying 
the qualifying 
activity 
of one's intent 


to qualify 
to MIL·M·38510. 
After 
passing compre· 


hensive 
audits 
of 
facilities 
and documentation 


systems, 
the 
IC 
manufacturer 
will 
subject 
the 


device to and demonstrate 
that they satisfy all of 


the 
Group 
A, 
B, and C requirements 
of 
Method 


5005 of M IL·STD-883 for the specified classesand 
types of IC. The qualification 
tests shall be moni· 


tored 
by 
the 
qualifying 
agency. 
Finally 
the 
IC 


manufacturer 
shall 
prepare and submit 
qualifica· 


tion test data to the qualifying 
agency. Groups A, 


B, and C inspections 
then shall be performed 
at 
intervals 
no greater than three months. 


The 
purpose of 
qualification 
testing 
is to assure 


that the device and lot quality 
conform 
to certain 


standard 
limits. 
In effect, 
lot 
qualification 
tests 


tend to ensure that 
once a particular 
device type 


is demonstrated 
to be acceptable,. it's production, 


including 
materials, 
processing, 
and 
testing 
will 
continue 
to be acceptable. These limits 
are speci· 
fied 
in 
MIL·STD·883 
in terms 
of 
LTPD's 
(Lot 
Tolerance Percent Defective) 
for the various quali· 


fication 
test 
sub·groups. 
Qualification 
testing 
is 


performed on a sample of devices which are chosen 
at random 
from 
a lot of devices that has satisfac· 
torily 
completed 
the 
screening of 
Method 
5004 


must be performed 
on each device, i.e. on a 100% 


basis as opposed to qualification 
testing 
(Method 


5005) 
wh ich occurs 
on a random 
sample 
basis. 


In summary, 
the entire 
purpose of M IL·M·38510 


and 
MIL·STD-883 
is to 
provide 
the 
military, 


through 
its contractors 
with standard devices. 


We at National 
Semiconductor 
have supplied and 
are supplying 
devices to the MIL·M·38510 
specifi· 


cations. 
To 
order 
a MIL·M·38510 
microcircuit, 


specify the 
following: 


For 
example; 
to 
specify 
an 
LM741 
in 
a DIP 
processed to 
the 
requirements 
of MI L·M·38510, 


Class B, with 
gold plated leads, specify 
M·38510/ 


10101BCC. 


MM385101 
xxx 
xx 
X 
x 
x 
--r- 
I 
I 
I 
I 
I 
Specifies 
the 
Slash 
Device 
""eVlce 
Case 
Lead 


General 
Require· 
Sheet 
Type 
Class 
Outline 
Finish 


mentsol 
No. 
MIL·M·38510 


MI L-STD-883 
Mil·Standard-883 
is a Test Methods and Procedures 
Document 
for 
Microelectronic 
Circuits. 
It 
was 
derived 
from 
MIL-S·19500, 
MIL·STD-750, 
and 
MIL·STD-202C 
for transistors and diodes at about 
the time that National Semiconductor 
Corporation 
was entering the military 
microelectronics 
market. 
As a result, our standard quality 
control 
operations 
are written 
around 
MI L·STD-883. 
The 
bonding 
control, 
visual inspections, 
and post seal screening 
requirements 
set forth 
by 883 
(as well 
as added 
control 
procedures 
beyond 
the 
requirements 
of 
883) 
have been part of National's 
quality 
control 
procedures 
almost 
from 
the 
start. 
Our 
Quality 
Assurance 
Procedures 
Manual 
is available 
upon 
request. 


We offer 
a complete 
line of 
linear/883 
(Class B) 
products 
as standard, 
off·the-shelf 
items. Special 
Linear/883 
data 
sheets have been prepared 
to 
reflect 
this 
capability. 
They 
show 
process flow, 
electrical 
parameters, end of test criteria, 
and test 
circuits. We saveyou the problem of specifying test 
and 
inspection 
procedures, 
and offer 
significant 
cost 
savings by 
having an off·the·shelf, 
"to 
the 
letter" 
883 program. 
In addition, 
we will 
test any 
of 
our 
integrated 
circuits 
to 
any class of 
MIL· 
STD-883. 


MIL-M-38510 


MIL·M-38510 
specifies the general requirements 
for 
supplying 
microcircuits. 
These are; product 
assurance, which 
includes 
screening and quality 
conformance 
inspection; 
design and construction; 
marking; 
and 
workmanship. 
The 
screening 
and 
quality 
conformance 
inspection 
are conducted 
in 
accordance with 
MIL·STD-883. 


Screening 


All microcircuits 
delivered in accordance with MIL· 
M-38510 
must have been subjected to, and passed 
all the screening tests detailed 
in Method 
5004 of 
MIL·STD-883 
for 
the 
type 
of 
microcircuit 
and 
product 
assurance level. 


The device electrical 
and package requirements 
of 
MIL-M·38510are 
detailed by a device specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit 
electrical 
performance 
and mech· 
anical requirements. 
Each device listed on a slash 
sheet is referred to as a slash number and the group 
of the microcircuits 
contained 
on a slash sheet is 
defined 
as a family 
of devices. The device may be 
Class B or C as defined 
by M IL·STD-883, 
Method 
5004 
and 5005. 
Three 
lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 


The M IL-M·38510 specs for standard linear devices 
require 
100% 
DC testing 
at 
25°C, 
-55°C 
and 
+125°C. 
AC 
testing 
is performed 
at +25°C. 
The 
electrical 
parameters specified are tighter 
than the 
normal data sheet guaranteed limits. Additionally, 
MIL·M-38510 
requires device traceability, 
exten- 


sive documentation 
and closely matched 
mainten· 


ance. 


National 
National 


Device No. 
Function 
Direct 
Device No. 
Function 
Direct 
Replacement 
Replacement 


FAIRCHILD 
FAIRCHILD 
(Continued) 


.Al01AHM 
General Purpose Cp Amp 
LM101AH 
~2901PC 
Dual Internally Compensated 
Cp Amp 
LM2901N 
.A102HM 
Voltage 
Follower 
LM102H 
.A3046DC 
Transistor Array 
LM3046N 


.Al07HM 
General Purpose Cp Amp 
LM107H 
.A3064PC 
TV Automatic 
Flne·Tuning Circuit 
LM3064N 


~108AHM 
Super Beta Cp Amp 
LM108AH 
.A3075PC 
FM IF Limiter/Detector/Audio 
Preamplifier 
LM3075N 


.Al08HM 
Super Beta Cp Amp 
LM108H 
.A3086PC 
Transistor Array 
LM3086N 


I-IA110HM 
Voltage Comparator 
LM110H 
~3301P 
Quad Single Supply Amplifier 
LM3301N 


~"'HM 
Voltage Comparator 
LM111H 
.A3302P 
Quad Comparator 
LM3302N 


.A"'RM 
Voltage Comparator 
LM111J-8 
.A3401P 
Quad Single Supply Amplifier 
LM3401N 


.A201AHM 
General Purpose Op Amp 
LM201AH 
.AF111HM 
Voltage Comparator 
LF111H 


.A201AT 
General Purpose Op Amp 
LM201AN 
.AF211HM 
Voltage Comparator 
LF211H 


~207HM 
General Purpose Op Amp 
LM207H 
.AF311HC 
Voltage Comparator 
LF311H 


.A208AHM 
Super Beta Cp Amp 
LM208AH 


.A208HM 
Super Beta Cp Amp 
LM208H 
MOTOROLA 


.A301AHC 
General Purpose Cp Amp 
LM301AH 


.A301ATC 
General Purpose Cp Amp 
LM301AN 
LF155AH 
Monolithic 
JFET Cp Amp 
LF155AH 


.A302HC 
Voltage Follower 
LM302H 
LF155H 
Monolithic 
JFET Cp Amp 
LF155H 


.A307HC 
General Purpose Cp Amp 
LM307H 
LF156AH 
Monolithic 
JFET Op Amp 
LFl56AH 


~307TC 
General Purpose Cp Amp 
LM307N 
LFl56H 
Monolithic 
JFET Op Amp 
LFl56H 


.A308AHC 
Super Beta Cp Amp 
LM308AH 
LF157AH 
Monolithic 
JFET Cp Amp 
LF157AH 


~308HC 
Super Beta Cp Amp 
LM308H 
LF157H 
Monolithic 
JFET Op Amp 
LF157H 


.A309KC 
5 Volt Regulator 
LM309KC 
LF355AH 
Monolithic JFET Cp Amp 
LF355AH 


.A31OHC 
Voltage 
Follower 
LM310H 
LF355H 
Monolithic 
JFET Op Amp 
LF355H 


,A311HC 
Voltage Comparator 
LM311H 
LF355N 
Monolithic 
JFET Cp Amp 
LF355N 


I-IA311R 
Voltage Comparator 
LM311J-8 
LF356AH 
Monolithic 
JFET Cp Amp 
LF356AH 


/IA311TC 
Voltage Comparator 
LM311N 
LF356H 
Monolithic 
JFET Cp Amp 
LF356H 


~324PC 
Quad Cp Amp 
LM324N 
LF356N 
Monolithic 
JFET Cp Amp 
LF356N 


.A339APC 
Quad Comparator 
LM339AN 
LM117H 
3-Terminal Adj. Positive Regulator 
LMl17H 


.A339PC 
Quad Comparator 
LM339N 
LMl17K 
3·Terminal Adj. Positive Regulator 
LMl17K 


.A376TC 
Voltage Regulator 
LM376N 
LM123K 
Positive Voltage Regulator 
LM123K 


.A555HC 
Single Timing Circuit 
LM555CH 
LM317H 
3-Terminal Adj. Positive Regulator 
LM317H 


.A555HM 
Single Timing Circuit 
LM555H 
LM317K 
3-Terminal Adj. Positive Regulator 
LM317K 


.A555TC 
Single Timing Circuit 
LM555CN 
LM317T 
3-Terminal Adj. Positive Regulator 
LM317T 


.A556PC 
Dual Timing Circuit 
LM556CN 
MC1303P 
Dual Stereo Preamplifier 
LM1303N 


.A709AHM 
High Performance Cp Amp 
LM709AH 
MC1310P 
FM Stereo Demodulator 
LM1310N 


.A709HC 
High Performance Cp Amp 
LM709CH 
MC1408L6 
8-Bit Multiplying 
DIA Converter 
LM1408J-6 


.A709HM 
High Performance Cp Amp 
LM709H 
MC1408L7 
8-Bit Multiplying 
DIA Converter 
LM1408J-7 


~709PC 
High Performance Op Amp 
LM709CN 
MC1408L8 
8-Bit Multiplying 
D/A Converter 
LM1408J-8 


.A709TC 
High Performance Op Amp 
LM709CN-8 
MC1408P6 
8·Bit Multiplying 
DIA Converter 
LM1408N-6 


.A710HC 
High Speed Differential 
Comparator 
LM710CH 
MC1408P7 
8-Bit Multiplying 
D/A Converter 
LM1408N-7 


I-IA710HM 
High Speed Differential 
Comparator 
LM7'OH 
MC1408P8 
8·Bit Multiplying 
D/A Converter 
LM1408N-8 


.A710PC 
High Speed Differential 
Comparator 
LM710CN 
MC1414L 
Dual Differential 
Comparator 
LM1414J 


~711HC 
Dual Comparator 
LM711CH 
MC1414P 
Dual Differential 
Comparator 
LM1414N 


I-IA711HM 
Dual Comparator 
LM711H 
MC1496G 
Balanced Modulator-Demodulator 
LM1496H 


~711PC 
Dual Comparator 
LM711CN 
MC1496P 
Balanced Modulator-Demodulator 
LM1496N 


.A723DC 
Precision Voltage Regulator 
LM723CJ 
MCl508L8 
8-Bit Multiplying 
DIA Converter 
LMl508D-8 


~723DM 
Precision Voltage Regulator 
LM723J 
MC'514L 
Dual Differential 
Comparator 
LM1514J 


.A723HC 
Precision Voltage Regulator 
LM723CH 
MC1596G 
Blanced Modulator-Demodulator 
LM1596H 


.A723HM 
Precision Voltage Regulator 
LM723H 
MC1710AG 
Differential 
Comparator 
LM710AH 


.A723PC 
Precision Voltage Regula tor 
LM723CN 
MC1710CG 
Differential 
Comparator 
LM710CH 


.A725AHM 
Instrumentation 
Op Amp 
LM725AH 
MC1710CP 
Differential 
Comparator 
LM710CN 


~725HC 
Instrumentation 
Cp Amp 
LM725CH 
MC'710G 
Differential 
Comparator 
LM710H 


.A725HM 
Instrumentation 
Op Amp 
LM725H 
MC'711CG 
Dual Differential 
Comparator 
LM711CH 


•.~733HC 
Differential 
Video 
LM733CH 
MC1711CP 
Dual Differential 
Comparator 
LM711CN 


I-IA733HM 
Differential 
Video 
LM733H 
MC1711G 
Dual Differential 
Comparator 
LM711H 


~741AHM 
Frequency Compensated 
Op Amp 
LM741AH 
MCl723CL 
Adj. Positive or Negative Volt. Regulator 
LM723CJ 


.A741DC 
Frequency Compensated 
Op Amp 
LM741CJ-14 
MCl723CP 
Adj. Positive or Negative Volt. Regulator 
LM723CN 
~741EHC 
Frequency Compensated 
Op Amp 
LM741EH 
MCl723L 
Adj. Positive or Negative Volt. Regulator 
LM723J 


I-IA741HC 
Frequency Compensated 
Op Amp 
LM741CH 
MC1733CG 
Differential 
Video Amp 
LM733CH 


I-IA741HM 
Frequency Compensated 
Op Amp 
LM741H 
MC1733CP 
Differential 
Video Amp 
LM733CN 


~741PC 
Frequency Compensated 
Cp Amp 
LM741CN-14 
MC1733G 
Differential 
Video Amp 
LM733H 


.A741RC 
Frequency Compensated 
ap Amp 
LM741CJ 
MC174'CG 
General Purpose Op Amp 
LM741CH 


~741TC 
Frequency Compensated 
ap Amp 
LM741CN 
MC1741CL 
General Purpose Op Amp 
LM741CJ-14 


.A746PC 
Chroma Demodulator 
LM746N 
MC'741CPl 
General Purpose Op Amp 
LM74'CN 


~747AHM 
Dual Frequency Compensated 
Op Amp 
LM747AH 
MC'741CP2 
Generla Purpose Op Amp 
LM741CN-14 


.A747EHC 
Dual Frequency Compensated 
Cp Amp 
LM747EH 
MC1741G 
General Purpose Op Amp 
LM741 H 


.A747HC 
Dual Frequency Compensated 
Cp Amp 
LM747CH 
MC1741L 
General Purpose Op Amp 
LM741J-14 


.A747HM 
Dual Frequency Compensated 
ap Amp 
LM747H 
MC1741U 
General Purpose Op Amp 
LM74'J 


IlA747PC 
Dual Frequency Compensated 
ap Amp 
LM747CN 
MC1747CG 
Dual MC1741 Op Amp 
LM747CH 


~748HC 
Op Amp 
LM748CH 
MC1747CL 
Dual MC1741 Op Amp 
LM747CJ 


.A748HM 
Op Amp 
LM748H 
MC1747CP2 
Dual MC1741 Op Amp 
LM747CN 


~748TC 
Op Amp 
LM748CN 
MC1747G 
Dual MC1741 Op Amp 
LM747H 


.A760HC 
High Speed Differential 
Comparator 
LM760CH 
MC1747L 
Dual MC1741 Op Amp 
LM747J 


~796HC 
3-Terminal Positive Voltage Regulator 
LM1496H 
MC'748CG 
General Purpose Cp Amp 
LM748CH 


I-IA796PC 
3-Terminal Positive Voltage Regulator 
LM1496M 
MC,748CPl 
General Purpose Op Amp 
LM748CN 


.A798HM 
Dual Op Amp 
LM358H 
MC'748CU 
General Purpose ap Amp 
LM748CJ 


.A1558HM 
Dual Internally Compensated 
Op Amp 
LM1558H 
MC1748G 
General Purpose ap Amp 
LM748H 


C) 
MOTOROLA 
(Continued) 
MOTOROLA 
(Continued) 
Q) 
MC1748U 
General Purpose Op Amp 
LM748J 
MLM339AL 
Quad Comparator 
LM339AJ 
(,) 
MC2901P 
Quad Comparator 
LM2901N 
MLM339AP 
Quad Comparator 
LM339AN 
c:: 
MC2902P 
Quad Op Amp 
LM2902N 
MLM339L 
Quad Comparator 
LM339J 
Q) 
MC3301P 
Quad Op Amp 
LM3301N 
MLM339P 
Quad Comparator 
LM339N 
•.. 
MC3302P 
Quad Comparator 
LM3302N 
MLM358G 
Dual Op Amp 
LM358H 
Q)- 


MC3401P 
Quad Op Amp 
LM3401N 
MLM358PI 
Dual Op Amp 
LM358N 
Q) 
MC34001AP 
LF41,CN 
MLM585CP 
Phase Locked Loop 
LM585CN 
a: 
MC34022BP 
LF412ACN 
MC78XXCK 
Positive Voltage 
Regulator 
LM78XXCK 
PMI 
0 
MC78XXCT 
Positive Voltage 
Regulator 
LM78XXCT 
OP·'5FG 
LF411ACH 
0 
MC78LXXACG 
Positive Voltage Regulator 
LM78LXXACH 
OP·15GP 
LF411CN 
0 
MC78LXXACP 
Positive Voltage 
Regulator 
LM78LXXACZ 
Op·15FP 
LF41,ACN 
•.. 
MC78LXXCG 
Positive Voltage 
Regulator 
LM78LXXCH 
OP·15CH 
LF411CH 
(J 
MC78LXXCP 
Positive Voltage 
Regulator 
LM78LXXCZ 
PM108AJ 
Operational 
Amplifier 
LM108AH 


MC79XXCK 
Negative Voltage 
Regulator 
LM79XXCK 
PM108J 
Operational 
Amplifier 
LM108H 
•.. 
MC79XXCT 
Negative Voltage 
Regulator 
LM79XXCT 
PM155AJ 
JFET Input Op Amp 
LF155AH 
a:s 
MC79LXXACP 
Negative Voltage Regulator 
LM79LXXACZ 
PM155J 
JFET Input Op Amp 
LF155H 
Q) 
MC79LXXCP 
Negative Voltage Regulator 
LM79LXXCZ 
PMl58AJ 
JFET Input Op Amp 
LFl58AH 
c:: 
MLM101AG 
Gen. Purpose Adj. Op Amp 
LM101AH 
PM156J 
JFET Input Op Amp 
LF156H 


MLM101AU 
Gen. Purpose Adj. Op Amp 
LM101AJ 
PM157AJ 
JFET Input Op Amp 
LF157AH 
..J 
MLM107G 
General Purpose Op Amp 
LM107H 
PM157J 
JFET Input Op Amp 
LF157H 


MLM107U 
General Purpose Op Amp 
LM107J 
PM208AJ 
Operational 
Amplifier 
LM208AH 


MLM108AG 
Precision Op Amp 
LM108AH 
PM208J 
Operational 
Amplifier 
LM208H 


MLM108AU 
Precision Op Amp 
LM108AJ 
PM255J 
JFET Input Op Amp 
LF255H 


MLM109G 
Positive Voltage Regulator 
LM109H 
PM258J 
JFET Input Op Amp 
LF258H 


MLM110G 
Unity Gain Op Amp 
LM'10H 
PM257J 
JFET Input Op Amp 
LF257H 


MLM110U 
Unity Gain Op Amp 
LM110J·8 
PM308AJ 
Operational 
Amplifier 
LM308AH 


MLM111G 
Voltage Comparator 
LMlllH 
PM308J 
Operational 
Amplifier 
LM308H 


MLM111L 
Voltage Comparator 
LM111J 
PM355AJ 
JFET Input Op Amp 
LF355AH 


MLM'11U 
Voltage Comparator 
LM111J·8 
PM355J 
JFET Inpu1 Op Amp 
LF355H 
MLM124L 
Quad Op Amp 
LM124J 
PM356AJ 
JFET Inpu1 Op Amp 
LF356AH 
MLM124P 
Quad Op Amp 
LM124N 
PM356J 
JFET Input Op Amp 
LF356H 
MLM139AL 
Quad Comparator 
LM139AJ 
PM357AJ 
JFET Input Op Amp 
LF357AH 
MLM139L 
Quad Comparator 
LM139J 
PM357J 
JFET Input Op Amp 
LF357H 
MLM158G 
Dual Op Amp 
LM158H 
PM725CJ 
Operational 
Amplifier 
LM725CH 
MLM201AG 
General Purpose Op Amp 
LM201AH 
PM725J 
Operational 
Amplifier 
LM725H 
MLM201API 
General Purpose Op Amp 
LM201AN 
PM741CJ 
Compensated 
Op Amp 
LM741CH 
MLM207G 
General Purpose Op Amp 
LM207H 
PM741J 
Compensated 
Op AIllP 
LM741H 
MLM207U 
General Purpose Op Amp 
LM207J 
PM747CJ 
Dual Compensated 
Op Amp 
LM747CH 
MLM208AG 
Precision Op Amp 
LM208AH 
PM747J 
Dual Compensated 
Op Amp 
LM747H 
MLM208AL 
Precision Op Amp 
LM208AJ 
PM1558J 
Dual Compensated 
Op Amp 
LM1558H 


MLM208AU 
Precision Op Amp 
LM208AJ·8 
MLM208G 
Precision Op Amp 
LM208H 
SIGNETICS 


MLM208L 
Precision Op Amp 
LM208J 
.A709AT 
Operational 
Amplifier 
LM709AH 
MLM208U 
Precision Op Amp 
LM208J·8 
,.A709CN 
Operational 
Amplifier 
LM709CN·8 


MLM209G 
Positive Voltage Regulator 
LM209H 
,.A709CN·14 
Operational 
Amplifier 
LM709CN 
MLM211G 
Voltage Comparator 
LM211H 
.A709CT 
Operational 
Amplifier 
LM709CH 
MLM211L 
Voltage Comparator 
LM211J 
.A709T 
Operational 
Amplifier 
LM709H 
MLM211U 
Voltage Comparator 
LM211J·8 
.A710CN·14 
Differential 
Voltage Comparator 
LM710CN 
MLM224L 
Quad Op Amp 
LM224J 
.A710CT 
Differential 
Voltage Comparator 
LM710CH 
MLM239AL 
Quad Comparator 
LM239AJ 
JlA710T 
Differential 
Voltage Comparator 
LM710H 


MLM239L 
Quad Comparator 
LM239J 
.A711CN 
Dual Voltage Comparator 
LM711CN 
MLM258G 
Dual Op Amp 
LM258H 
,.A71'CT 
Dual Voltage Comparator 
LM711CH 
MLM301AG 
General Purpose Op Amp 
LM301AH 
.A711K 
Dual Voltage Comparator 
LM711 H 
MLM301API 
General Purpose Op Amp 
LM301AN 
.A723CF 
Precision Voltage Regulator 
LM723CJ 
MLM307G 
General Purpose ap Amp 
LM307H 
,.A723CL 
Precision Voltage Regulator 
LM723CH 
MLM307PI 
General Purpose ap Amp 
LM30lN 
.A723CN 
Precision Voltage 
Regulator 
LN723CN 
MLM307U 
General Purpose ap Amp 
LM307J 
,.A723F 
Precision Voltage 
Regulator 
LM723J 
MLM308AG 
Precision ap Amp 
LM308AH 
.A723L 
Precision Voltage Regulator 
LM723H 
MLM308AL 
Precision Op Amp 
LM308AJ 
.A733CN 
Differential 
Video Amp 
LM733CN 
MLM308API 
Precision Op Amp 
LM308AN 
,.A733CT 
Differential 
Video Amp 
LM733CH 
MLM308AU 
Precision Op Amp 
LM308AJ·8 
.A733F 
Differential 
Video Amp 
LM733H 
MLM308G 
Precision Op Amp 
LM308H 
.A741CF 
General Purpose ap Amp 
LM741CJ·14 
MLM308L 
Precision ap Amp 
LM308J 
,.A74'CN 
General Purpose Op Amp 
LM741CN 
MLM308PI 
Precision ap Amp 
LM308N 
JlA741CN-14 
General Purpose Op Amp 
LM74'CN·14 
MLM308U 
Precision ap Amp 
LM308J·8 
JlA741CT 
General Purpose ap Amp 
LM741CH 
MLM309G 
Positive Voltage 
Regulator 
LM309H 
,.A741F 
General Purpose ap Amp 
LM741J·14 
MLM309K 
Positive Voltage 
Regulator 
LM309K 
.A741T 
General Purpose ap Amp 
LM741H 
MLM310G 
Unity Gain ap Amp 
LM310H 
.A747CN 
Dual Op Amp 
LM747CN 
MLM310PI 
Unity Gain ap Amp 
LM310N 
.A748CF 
General Purpose ap Amp 
LM748CJ 
MLM310U 
Unity Gain ap Amp 
LM310J-8 
,.A748CN 
General Purpose ap Amp 
LM748CN 
MLM311G 
Voltage Comparator 
LM311H 
.A748CT 
General Purpose Op Amp 
LM748CH 
MLM311L 
Voltage Comparator 
LM311J 
.A748F 
General Purpose Op Amp 
LM748J·14 
MLM311PI 
Voltage Comparator 
LM311N 
.A748T 
General Purpose ap Amp 
LM748H 
MLM311U 
Voltage COlllparator 
LM311J·8 
78XXCU 
3·Terminal Positive Voltage Regulator 
LM78XXCT 
MLM324L 
Quad Op Amp 
LM324J 
78XXDA 
3·Terminal Positive Voltage 
Regulator 
LM78XXCK 
MLM324P 
Quad Op Amp 
LM324N 
78LXXACS 
3·Terminal Positive Voltage 
Regulator 
LM78XXACZ 


14·10 


National 
National 
Device No. 
Function 
Direct 
Device No. 
Function 
Direct 
Replacement 
Replacement 


SIGNETICS 
(Continued) 
SIGNETICS 
(Continued) 


78LXXADB 
3-Terminal Positive Votlage Regulator 
LM78LXXACH 
LM311T 
Voltage Comparator 
LM311H 


78LXXCDB 
3·Terminal Positive Voltage Regulator 
LM78LXXCH 
LM319F 
Dual Voltage Comparator 
LM319J 


78LXXCS 
3·Terminal Positive Votlage Regulator 
LM78LXXCZ 
LM319K 
Dual Voltage Comparator 
LM319H 


79XXCU 
3-Terminal Negative Voltage Regulator 
LM79XXCT 
LM319N 
Dual Voltage Comparator 
LM319N 


79XXDA 
3·Terminal Negative Voltage Regulator 
LM79XXCK 
LM324AF 
Gen Purpose Single Supply Op Amp 
LM324AJ 


LF155AT 
Hi Performance JFET Input Op Amp 
LF155AH 
LM324AN 
Gen Purpose Single Supply Op Amp 
LM324AN 


LF155T 
Hi Performance JFET Input Op Amp 
LF155H 
LM324F 
Gen Purpose Single Supply Op Amp 
LM324J 


LF156AT 
Hi Performance JFET Input Op Amp 
LF156AH 
LM324N 
Gen Purpose Single Supply Op Amp 
LM324N 


LFl56T 
Hi Performance JFET Input Op Amp 
LF156H 
LM339AF 
Quad Voltage Comparator 
LM339AJ 


LF157AT 
Hi Performance JFET Input Op Amp 
LF157AH 
LM339AN 
Quad Voltage Comparator 
LM339AN 


LF15lT 
Hi Performance JFET Input Op Amp 
LF157H 
LM339F 
Quad Voltage Comparator 
LM339J 


LF255T 
Hi Performance JFET Input Op Amp 
LF255H 
LM339N 
Quad Voltage Comparator 
LM339N 


LF256T 
Hi Performance JFET Input Op Amp 
LF256H 
LM340XXDA 
3-Terminal Positive Voltage 
Regulator 
LM340KXX 


LF25lT 
Hi Performance JFET Input Op Amp 
LF257H 
LM340XXLL 
3-Terminal Positive Voltage 
Regulator 
LM340TXX 


LF355AT 
Hi Performance JFET Input Op Amp 
LF355AH 
LM381AN 
Dual Low Noise Preamplifier 
LM381AN 


LF355T 
Hi Performance JFET Input Op Amp 
LF355H 
LM381N 
Dual Low Noise Preamplifier 
LM381N 


LF356AT 
Hi Performance JFET Input Op Amp 
LF356AH 
LM382N 
Dual Low Noise Preamplifier 
LM382N 


LF356T 
Hi Performance JFET Input Op Amp 
LF356H 
LM387N 
Dual Low Noise Preamplifier 
LM38lN 


LF357AT 
Hi Performance JFET Input Op Amp 
LF357AH 
LM393AN 
Low Power Dual Voltage Comparator 
LM393AN 


LF35lT 
Hi Performance JFET Input Op Amp 
LF357H 
LM393AT 
Low Power Dual Voltage Comparator 
LM393AH 


LM101AF 
High Performance Amplifier 
LM101AJ-14 
LM393N 
Low Power Dual Voltage Comparator 
LM393N 


LM101AT 
High Performance Amplifier 
LM101AH 
LM393T 
Low Power Dual Voltage Comparator 
LM393H 


LM107F 
General Purpose Op Amp 
LM107J-14 
LM2901F 
Quad Voltage Comparator 
LM2901J 
LM10lT 
General Purpose Op Amp 
LM107H 
LM2901N 
Quad Voltage Comparator 
LM2901N 


LM108AF 
Precision Op Amp 
LM108AJ 
LM2903N 
Low Power Dual Voltage Comparator 
LM2903N 


LM108AT 
Precision Op Amp 
LM108AH 
MC1408-7F 
8-Bit Multiplying 
D/A Converter 
LM1407J-7 


LM108F 
Precision Op Amp 
LM108J 
MC1408-8F 
8·Bit Multiplying 
D/A Converter 
LM1408J-8 


LM108T 
Precision Op Amp 
LM108H 
MC1408-lN 
8·Bit Multiplying 
D/A Converter 
LM1408N-7 


LM109DB 
5 Volt Regulator 
LM109H 
MC1408-8N 
8·Bit Multiplying 
D/A Converter 
LM1408N-8 


LMll1F 
Voltage Comparator 
LM111J 
MC1496K 
Balanced Modulator 
Demodulator 
LM1496H 


LMll1T 
Voltage Comparator 
LMll1H 
MC1496N 
Balanced Modulator 
Demodulator 
LM1496N 


LMl19F 
Dual Voltage Comparator 
LMl19J 
MC1596K 
Balanced Modulator 
Demodulator 
LM1596H 


LMl19K 
Dual Voltage Comparator 
LMl19H 
MC3302N 
Quad Voltage Comparator 
LM3302N 
LM124AF 
Gen Purpose Single Supply Op Amp 
LM124AJ 
NE555T 
Timer 
LM555CH 
LM124F 
Gen Purpose Single Supply Op Amp 
LM124J 
NE555N 
Timer 
LM555CN 
LM124N 
Gen Purpose Single Supply Op Amp 
LM124N 
NE556N 
Dual Timer 
LM556CN 


LM139AF 
Quad Voltage Comparator 
LM139AJ 
NE556F 
Dual Timer 
LM556J 


LM139F 
Quad Voltage Comparator 
LM139J 
NE565K 
Phase Locked Loop 
LM565CH 
LM193AT 
Low Power Dual Voltage Comparator 
LM193AH 
NE565N 
Phase Locked Loop 
LM565CN 
LM193T 
Low Power Dual Voltage Comparator 
LM193H 
NE566N 
Function Generator 
LM566CN 
LM201AF 
High Performance Amplifier 
LM201AJ-14 
NE56lT 
Tone Decoder/Phase 
Locked Loop 
LM567CH 
LM201AN 
High Performance 
Amplifier 
LM201AN 
NE56lN 
Tone Decoder/Phase 
Locked Loop 
LM567CN 


LM207F 
General Purpose Op Amp 
LM207J-14 
SE555T 
Timer 
LM555H 
LM20lT 
General Purpose Op Amp 
LM207H 
SE565K 
Phase Locked Loop 
LM565H 
LM208AF 
General Purpose Op Amp 
LM208AJ 
SE56lT 
Tone Decoder/Phase 
Locked Loop 
LM567H 


LM208AT 
Precision Operational 
Amp 
LM208AH 
TBA120N 
FM IF Amp & Demodulator 
TBA120T 
LM208F 
Precision Operational 
Amp 
LM208J 
TBA120S-2 
8-Stage Amp w/Balanced 
Demodulator 
TBA120S 
II 


LM208T 
Precision Operational 
Amp 
LM208H 
TBA120S-3 
8-Stage Amp w/Balanced 
Demodulator 
TBA120S 
III 
LM209DB 
5 Volt Regulator 
LM209H 
TBA120S-4 
8-Stage Amp wfBalanced 
Demodulator 
TBA120S IV 


LM211F 
Voltage Comparator 
LM211J 
TBA120S-5 
8-Stage Amp w/Balanced 
Demodulator 
TBA120S V 


LM211T 
Voltage Comparator 
LM211H 
TBA120SN 
8-Stage w/Balanced 
Demodulator 
TBA120SQ 


LM219F 
Dual Voltage Comparator 
LM219J 
TBA120S-2N 
8-Stage w/Balanced 
Demodulator 
TBA120SQ 
II 


LM219K 
Dual Voltage Comparator 
LM219H 
TBA120S-3N 
a-Stage w/Balanced 
Demodulator 
TBA120SQ 
III 
LM224AF 
Gen Purpose Single Supply Op Amp 
LM224AJ 
TBA120S-4N 
8-Stage w/Balanced 
Demodulator 
TBA120SQ 
IV 


LM224AN 
Gen Purpose Single Supply Op Amp 
LM224AN 
TBA120S-5N 
8-Stage w/Balanced 
Demodulator 
TBA120SQ V 


LM224F 
Gen Purpose Single Supply Op Amp 
LM224J 
TBAl20U 
FM IF Amp & Demodulator 
TBA120U 


LM239AF 
Quad Voltage Comparator 
LM239AJ 
TBA120UN 
FM IF Amp & Demodulator 
TBA120UQ 


LM239F 
Quad Voltage Comparator 
LM239J 
LM258T 
Gen Purpose Single Supply Op Amp 
LM258H 
LM293T 
Low Power Dual Voltage Comparator 
LM293H 
TEXAS INSTRUMENTS 


LM301AF 
High Performance 
Amplifier 
LM301AJ-14 
"A709CN 
Op Amp 
LM709CN 


LM301AN 
High Performance 
Amplifier 
LM301AN 
"A709CP 
Op Amp 
LM709CN-8 


LM301AT 
High Performance Amplifier 
LM301H 
"A711CN 
Dual Comparator 
LM711CN 


LM307F 
General Purpose Op Amp 
LM307J-14 
,A723CJ 
Voltage Regulator 
LM723CJ 
LM30lN 
General Purpose Op Amp 
LM30lN 
"A723CN 
Voltage Regulator 
LM723CN 


LM30lT 
General Purpose Op Amp 
LM307H 
"A723MJ 
Voltage Regulator 
LM723J 


LM30BAF 
Precision Op Amp 
LM308AJ 
"A733CN 
Video Amp 
LM733CN 


LM308AN 
Precision Op Amp 
LM308AN 
"A741CJ 
Compensated 
Op Amp 
LM741CJ-14 


LM308AT 
Precision Op Amp 
LM308AH 
,A741CJ 
Compensated 
Op Amp 
LM741CN-14 


LM308F 
Precision Op Amp 
LM308J 
,A741CJG 
Compensated 
Op Amp 
LM741CJ 


LM308N 
Precision Op Amp 
LM308N 
"A741CP 
Compensated 
Op Amp 
LM741CN 


LM308T 
Precision Op Amp 
LM308H 
#LA741MJ 
Compensated 
Op Amp 
LM741J-14 


LM309DA 
5 Volt Regulator 
LM309K 
,A741MJG 
Compensated 
Op Amp 
LM741J 


LM309DB 
5 Volt Regulator 
LM309H 
,A748CJG 
OpAmp 
LM748CJ 
LM311F 
Voltage Comparator 
LM311J 
,A748CN 
Op Amp 
LM748CN 


LM311N 
Voltage Comparator 
LM311N 
"A748MJ 
Op Amp 
LM748J-14 
LM311N-14 
Voltage Comparator 
LM311N-14 
"A748MJG 
Op Amp 
LM748J 


National 
National 


Device No. 
Function 
Direct 
Device No. 
Function 
Direct 


Replacement 
Replacement 


TEXAS INSTRUMENTS 
(Continued) 
TEXAS INSTRUMENTS 
(Continued) 


,A7BXXCKC 
Positive ·Voltage Regulator 
LM7BXXCT 
LM307JG 
Compensated 
ap Amp 
LM307J 


,A7BLXXACL 
Positive Voltage Regulator 
LM7BLXXACZ 
LM307N 
Compensated 
ap Amp 
LM307N 


,A7BLXXCLP 
Positive Vottage Regulator 
LM7BLXXCZ 
LM311J 
Voltage Comparator 
LM311J 


~7BMXXCKD 
Positive Voltage Regulator 
LM7BMXXCP 
LM311JG 
Voltage Comparator 
LM311J·B 


~79XXCKC 
Negative Voltage Regulator 
LM79XXCT 
LM311N 
Voltage Comparaior 
LM311N·14 


~79MXXCKD 
Negative Voltage Regulator 
LM79MXXCP 
LM311P 
Voltage Comparator 
LM311N 
LF356P 
JFET Input Op Amp 
LF356N 
LM317KC 
3-Terminal Adjustable 
Regulator 
LM317T 
LM101AJ 
Improved ap Amp 
LM101AJ·14 
LM31BJG 
High Slew Rate ap Amp 
LM31BJ·B 


LM101AJG 
Improved ap Amp 
LM101AJ 
LM31BP 
High Slew Rate ap Amp 
LM31BN 
LM107J 
Compensated 
ap Amp 
LM'07J·14 
LM324J 
Quad Op Amp 
LM324J 


LM107JG 
Compensated 
Op Amp 
LM,07J 
LM324N 
Quad Op Amp 
LM324N 


LMll1J 
Voltage Comparator 
LMll1J 
LM339J 
Quad Comparator 
LM339J 
LMll1JG 
Voltage Comparator 
LM111J·B 
LM339N 
Quad Comparator 
LM339N 
LMllBJG 
High Slew Rate ap Amp 
LM11BJ 
LM358P 
Dual ap Amp 
LM358N 
LM,24J 
Quad Op Amp 
LM124J 
LM376P 
Positive Voltage 
Regulator 
LM376N 
LM124N 
Quad ap Amp 
LM1S24N 
LM393P 
Dual Comparator 
LM393N 
LM139J 
Quad Comparator 
LM139J 
LM2901N 
Quad Comparator 
LM2901N 
LM201AJ 
Improved ap Amp 
LM201AJ·14 
LM2902J 
Quad Op Amp 
LM2902J 
LM201AJG 
Improved ap Amp 
LM201AJ 
LM2902N 
Quad Op Amp 
LM2902N 
LM201AN 
Improved ap Amp 
LM201AN 
LM2903P 
Dual Comparator 
LM2903N 
LM207J 
Compensated 
ap Amp 
LM207J-14 
LM2904P 
Dual Op Amp 
LM2904N 
LM207JG 
Compensated 
ap Amp 
LM207J 
MC1558JG 
Dual Compensated 
ap Amp 
LM1558J 
LM21BJG 
High Slew Rate ap Amp 
LM21BJ-B 
NE555CJG 
Timer 
LM555CJ 
LM224J 
Quad Op Amp 
LM224J 
SE555JG 
Timer 
LM555J 
LM239J 
Quad Comparator 
LM239J 
TL081ACN 
Single Low Cost Bi-Fet ap Amp 
LF351AN 
LM301AJ 
Improved ap Amp 
LM301AJ-14 
TLOB1CN 
Single Low Cost Bi·Fet ap Amp 
LF351N 
LM301AJG 
Improved ap Amp 
LM301AJ 
TL087CP 
lF411ACN 
LM301AN 
Improved ap Amp 
LM301AN 
TL2B7CP 
LF412CN 
LM307J 
Compensated 
ap Amp 
LM307J-14 
TL710CN 
Comparator 
LM710CN 


~NatiOnal 
Semiconductor 


NSC 
Signetics 
Fairchild 
Motorola 
TI 
RCA 
Silicon 
AMO 
Raytheon 


General 


CJ 
14/16 
Load 
0, 


Glass/Metal 
DIP 
0 
I 
0 
L 
0 
0 
0 


1MMiW 


M 


~ 
T, 
ilium 
K, 
S' 
T, 
@ 


TO-99, TO-100, 
TO-5 
H 
H 
G 
L 
T 
H 


L, 
V1·· 
H 


DB 


CJ 


8, 14 and 16-Load 
R, 
DC, 


Low-Temperature 
J 
F 
U 
J 
wwm 


Ceramic 
DIP 
0 
DO 


~ 


(Steel) 


K 
KS 
K 
K 
0 


TO-3 
KC 
OA 
K 
K 
K 
K 
LK, 


(Aluminum) 
TK 


D 


N. 


V. 


8,14 
and 16-Lead 
T, 
p. 
M. 
ON. 


Plastic DIP 
N 
A, 
P 
E 
PC 
m 


P 
N 
N 
OP, 


B 


MP 


·With 
dual-in-line 
formed 
leads. 


• ·With 
radially 
formed 
leads. 


- 
::::J0.. 
C 
f/)- 
~ 
" 
m 
(") 
~m 
CC 
CD 
(')a 
f/) 
f/) 
::D 
CD- 
CD 
Cil 
::::J 
(") 
CD 
C) 
C_. 
0.. 
CD 


.J 


Q)uc! 
Q)- 
Q)a: 


(/) 
(/)e 
(.) 


Q) 
C) 
ca 
~uca 
Q. 


~- 
(/) 
::s 
'Cc 


Silicon 
NSC 
Signetics 
Fairchild 
Motorola 
TI 
RCA 
General 
AMO 
Raytheon 


~~ 


TO-202 
P 
KD 
(0-40, 
Ourawattl 


8'~B 


"SGS" 
Type 
S 
BP 
Power DIP 
~; 


TO-220 
T 
U 
U 
KC 


t= 


Low Temperature 
Glass 
Hermetic 
W 
F 
F 
W 
FM 


Flat Pack 


~ 
TO-92 
~~~ 
(Plastic) 
Z 
S 
W 
P 
LP 
0 


~National 
~ 
Semiconductor 


1 


0.054 


}---(l';~1591---11&~~~'11::::1 
I 
MAX 
I 
MAX 
R 
~ 
,.,,'-,.,,' 


(0.508-1.524) 


0.008-0.015 
J 
10.203-0.311) 


0.300 
O.D50!.O.OIO 
0.015-8.02] 
0.125 
I-U."'I--I 
IW"""1 
~ 
L""...·...I-11- 13.1151 
REF 
0.100tO.ol0 
MIN 


12.540 ~O.2S41 


1- 
,.""'."'~ 
c:==,= ~:'3~~'5:BI"._. 


14 
13 
12 
II 
1. 
, 
• 


8.500iO.olD~r 
(2.032) 


RAD 
TV' 


NS Package D14E 
14·Lead Cavity DIP (D) 
(Side Brazed) 


~Q.800±O.010 
I 
0.420to.ol0 
I_~--- 
l-oo.67±o.2541=:L-1 
~R"'DO 


-.l 
15.011 
U 
I:::::I 
iX 


MIN 
·'h 
I h 
~J 
-t '.015-'.'" 
I 
---, 
(0.381-0.5081 


0.015-0.020 
0.100 
0.150 
0.300±0.010 
TYP 
(0.381-0.508) 
(2.540) 
TVP 
(3.810) MAX 
(7.62±D.254) 


TV' 


NS Package D14F 
14-Lead Metal DIP (D) 


0.165 


(4.1911 


_§ftMAX 


0G45.t0015 


L 
Jl '''' 
~I 
0.015-0019 
(3175) 


la.llt-D.4Il} 
MIN 


0.310 
C 


I7.•74IJ 
O.Il2D.!O.D10 
MAX 
fO.50B.!O.254llr 
B- 


P1NND.l 
IDENT 


0.008-0.012 


(0.203-0.305) 
•.•. 025 
~.325 
.•. 015--1 
'.lDO".," 
--I 


(1.255 ::~:~ 
(2.548 :to.2S4) 


NS Package D16A 
16-Lead Cavity DIP (D) 


"'tJ 
::T 
'< 
en 
c:r 
D) 
c_. 
3 
CD 
::::s 
en_.o 
~en 


..- 
(I) 
E.-c 
mo.- 
f/)>- 
.cc. 


. 


0.054 
r- 0.4151 
(~;~2) 
~ 


112.3191 
(4.111) 


MAX 
MAX 
R 
o.oOl_ ... lSJ 
1010]~O.1'1l 


L 
'.30' --1 
'.05' ".'10 J 


(1.620) 
fl.210 ~O.2S4) 
REF 
L ... 
lS-O·02'.JL 
~ 


(0.381-0.584) 
13.175) 


0.10010.010 
MIN 


12.S40!OlS41 


NS Package D16C 
16·Lead Cavity DIP (D) 
(Side Brazed) 


If 
..... 
".010 ~ 
(tl.70±D.2S4) 


I 
O.42OtO.Ol0 
I 


110.661 ±0154) 
LCJJ"01'_"02' 
-r+.. 
'Il-o.'OII 
TV' 


--J 
0.300 to.OIG l-- 


(7.620:1:0154) 


0.960-1.000 
(24.38-25.40)~--~~ 


0.890-0.910 
---122.61-23.,11---1 


r 


0.500-0.010 


112'10["41 


NS Package 0160 
16·Lead Metal DIP (D) 


0.054 
0.485 
~ 
(lffij11- 
1----(12.]19)~ 
(4.191) 
~ 
'::::E~X 


~ ",""+,:::~=::~,~Y 
Y Y Y Y Y Y Y Y Yj 


~~;~602~ ---t 
0.100 ±D.Ol0 
I 
I 
lL 0.023-0.015 
0.125 


REf 
(2.540~0.254)-I 
t-- 
~ 
10.514-0.3111 
(3.1751 


TVP 
MIN 


~ 
0.'01-'.01' J 


~ 
'.'00-4-- ".203-'.'"1 
_ 
0.050:0.010 


~{~~~DI~ 
11.210:0.2541 
J 


0.100 ±D.Ol0 


(2.540-0.254) 


NS Package D18A 
18·Lead Cavity DIP (D) 
(Side Brazed) 


NS Package D20A 
20·Lead Cavity DIP (D) 


131n 
D.S38 
USO 


{13.4621 
(13.111 


iT 


0.110 


~fl5.4 
•• ,MAX~ 
('----t0."'-"''' 


I) 
~.Ol5 
---- 
l-- 
.125 -U1S ---l 
(D.!03-D.3051 


(15.115:::~~) 


DIll 
8.200 


r---(i5iiiiMAX~ 
I~~:) 
J~~'::::~ 


0.010.10.010 
O~O 
~ 
0.125 


11.nl.10.2541 
~ 
0.01110.00213.175) 
IU40 11.254) 
(0.451.10.0511 
MIN 


NS Package D24A 
24-Lead Cavity DIP (D) 


I1 


0.5. 


(15.1"'J 


0.1OCtO.01D 
I 
I 
(Z.540'0.2S4I-{ 
~ 


NS Package D24C 
24-Lead Cavity DIP (D) 


1.285 
(JZ.131)---------.J1 


MAX 
" 
,. 
11 
11 
15 
It 
13 1 


~J"\ 
0.'85 


(~::) RADJ 
,1 
115.367) 


....,'i"'""'T"""""i,....".i'"7."i.P""'7"'?'~,....,,~~1I~-1l-~-,-,Jj 


I ,. " " " " 


D.01D 


(111.1541 TYJI' 
l--1~:)--1 


REF 


~ 


(1.21.) 
'1100 
(5.0101 MAX 


'UT1NG_ 
! 
0.010-0.030 
PLAN' 
.,.. 
~ f- 
~~ 
:::(=::0154-.' 
62 


1 


~ 
TVP 
0.015-0.821 
13.115) 


(2:.540) 
IUlt ~.50'1 


TYPMIN 


NS Package 0240 
24-Lead Cavity DIP (D) 


14-17 


0.010-O.D68'r 
r~1 
J~~~~::::=::=":.'trl-J~~J. 


I 
(Q~~311)~ 
jt:,~~ 
-J 
~~:ttD~lD~~ 
:: 
TV' 
TV' 
0.610 
0.015-0.023 


115M) 
(O.31t-G.5I4) 
REF 
TV' 


I '''' 
l2D 


NS Package D24G 
24-Lead Cavity DIP (D) 


1.600tO.016 
(40.64tO.406) 
I' 


1.520tO.OO3 
"I 


(38.61±D.076) 


32 
31 
30 
19 
28 
27 
28 " " 
23 " 
21 
20 " 
18 
17 
" 


1 
2 
3 , 
5 
• 
7 
• 
• 
10 
11 " 
13 " " 
16 
TIl 


O.860±OJI03 
O.890tO.Ol0 
O.910tO.Ol0 
IJJ~' 


NS Package D32B 
32-Lead Cavity DIP (D) 
(Hybrid Side Blazed) 


2.020 
C 


I51.3DBI------------------- 


MAX 


•• 
31 
JI 
]J 
31 
35 


0.050 


IU7U} 


TV' 


~ 
II 
ll:~::=::::1 


I _ 
•.• 
00 
_ I 
D.I00 ••• '1O 
_ I 
I. 
•.•"...•. 
023 
_ II_ 
r---(1~::I~ 
(2.540t0.2S411 
I 
(O.311-D.5I411r- 


0.165 


14.tl') 
MAX 0.020-0.060 


(0.508-1.524), 


NS Package D40C 
40-Lead Cavity DIP (D) 


14-18 


(:::=::::ljt~:;~~::r:;l 


"90"01' 
I 


14826c 


±0.2541 
1&1514131211109 


LID 


PIN NO.1 
1 Z ] 
" 
5 , 
l' 


IDENT 


0.004-0.006 
II 


TVP {D.tOZ-O.1S2)-U-- 


0.015-0.019 
II 


TVP (0.381-11.4831 -II-- 


NS Package F16B 
16-Lead Flat Package (F) 


r 
~0209-0219 
(5301-5563) 


0111-0195 


~ 
1-'''21-'95''l 


SEATING 
~ 


PLANE --r 


0030 


(0762) 
..!!!!!... 


MAX 
~ 
~~ 


2 lEADS 


0.01& •..8.011 
---01A 
10.406-D.4'3) 


NS Package H02A 


2-Lead T0-46 Metal Can Package (H) 


0.080 


Il.OJZ) 
MAX 


O.025!D.Ol0 


ID.6J5!.O.2S4) 


NS Package F10A 
10-Lead Flat Package (F) 


0.080 
11 


1Z.032) 


MAX 


0.004-0.006 
(0.102-{1.1S2)--I~ 


O.880-UDO 


(22.352-22.860) 
, 


0.280 


(7.112) 
MAX 
---i 


0.005 


(0.1271 
MIN All 
ENDS 


1 


0.350-0.370 I 


(U90-9.J981 
OIA 


~ 


'.3<1'-"35 
~ 


0.165-0.195 
~ 
(1.147-1.509) 
I 
a.DSO 
".I9F-~ 
'~'::' 
+--'"'' 
---i 


0.500 
---, 


112.701 
~ 
~ 
~ 
MIN 
0.016-0.019 


+ 
~O~::D~."J) 
OIA 


NS Package H03A 
3-Lead TO-39 Metal Can Package (H) 


0.390 


(9.90&) 


MAX 
GLASS 


----r 


0.275 


(6.985) 


MAX GLASS 


IIl1iriITrFrilim-II~I-..t 


jlO.D1S-0.019 


(0.381-0.483) 


0.880-0.900 
~l 
~ 


NS Package F24A 
24-Lead Flat Package (F) 


r 


'.'''-'.'701 
(8.890-9.391) 


DlA 


''''~ 
,::::=::~,1+- 


1 
(419k~1 
DlA 
II 


,.•oo,~~ 


(l2.10) 
(0.189) 
~ 
~ 
~ 
MIN 
MAX 
0.016- 0.019 
t 
(0.4Oti-0.483) DIA 


NS Package H03B 
3-Lead TO-5 Metal Can Package (H) 


."::r 
'<eno 
Q,) 


C_. 
3 
CD:J 
en_.o:J 
en 


Joc: 
Q) 
E.-c 


CO.~ 
o>- 
.c: 
Q. 


0.209-0.219 
S 


(!i.JOI_s.5631 


O.17I-t1.195 
f------t+ 
(4.5Z1-4.95J) 


SE:LT~:hml 
LIH 


,.",-,.1" 


--.L- 
(2.1S9-2.G61) 


0.500 


o 0 0_ 
112.101 MI. 
(:::~=::::)~ 
(~:~:I 


MAX 


NS Package H03H 


3-Lead T0-46 Metal Can Package (H) 


NS Package H06C 
6-Lead TO-S Metal Can Package (H) 


I 


~(::::=::;:, 
DIA 
0.315-0.]35 


(B.OD1-!.S091 
OIA 


0.165-0.115 
("91-"'" l-JIlI-i 


~ 
,:~-LS~~:;OR 


t12.10) 
MAX 
~~ 
~ 
~~ 
(1.016) 
MIN 
MAX 
1- 


~ l--(:::~=:::~:J 


0.225-0.235 


(5.115-5.9691 


NS Package H08B 


8-Lead TO-S Metal Can Package (H) 


61 


0109-,',0 


15.309-5.1421 
~ 
(4.521-4.95])mn'·"'-'·'" 
SEATlNG_ 
(2.159-2.667) 


PLANE 
~MIN 


o 0 0 
112.'00' 


0.016-0.019 
II--- 
0.040 


(0.406-0.483) 
--j 
(1.O16) 
MAX 


NS Package H04A 
4-Lead T0-46 Metal Can Package (H) 


1-~OiAJ 


rll~-=-I 


0.224-0.234 


15.690-5.9431 


SEATlNGPlANE-l-- 


~ 


1101'01 
I~ 
jl L,:~:, 
L~ 


(1.210) 


NS Package H04D 


Thermal Shield for H04A 


0.120-0.140 
t3.G48-J.556) 


orA 


NS Package H08A 
8-Lead TO-S Metal Can Package (H) 


~ 


'::::=::;:, 


UIA 
0.315-0.335 
---OiA 
11.001-1.509) 


0.165-0.115 


14.'91-'."" 
L~-i 


oDJ5 
-----r 
INSULATOR 
~ 
10:119) 
1..- 
0.040 


112.101 
MAX 
~~ 
~ 
~~ 
11.0161 
MIN 
MAX 
1- 


~ l--(:::~:=:::~:I 


0.200 
(s.oao) 


NS Package H08C 
8-Lead TO·S Metal Can Package (H) 


~ 


'.'50-o.J10~ 
(1.190-9.391) 


0.260-0.290 
0.315-0.335 


(6.6~1{8.DOl-8.5D911 
'."'Q 


fD.lt!Jl 


MAX 
SEATING 
..l.- 
---..L PLANE 


0.500 
"Lrn~~rn 
(:::~:=:::;~l DIATYP-! l- 


NS Package H1OB 


10-Lead TO-S Metal Can Package (H) 


0.315-0.335 


(1.001-1.5091 


DIA 


NS Package H10C 
(H) 
d TO-S Metal Can Package 
la-Lea 


0.545-0.555, 
r 


03.843-14.0911 


DIA 
D""~_~ 


(3."'-4.59" 
I 


0.022-0.030 
t- 
~ (0.559-0.7621 


0.500-0.560 


112.700-14.224) 
n ~ 
~ 
~ 
L-u 
I 
'.016-'.'19 
---ll-- (0.406-0.4131 


0.060 
11.5241 


olATV' 


NS Package H12B 
(H) 
8 Metal Can Package 
l2-Lead TO- 


0100 
~ 
006010005 
(5010) 
,-M'" . 


0210-0320 t=-J" 
,,~., 
Q.,.~'., 
---j 
(13e6-11211 
GLASS 


1 
SEALANT 
ItJ 


DOli 10002 
0115 
~ 
L.-jtI0457.0.051l 
(i"i'15) 
(2.S40) 
. 
MIN 


MAX 
0.10010.010 


BOTH 
(254010.2541 
J08A 
ENOS 
. 
NS Package 


ad Cavity DIP (J) 
8-Le 


0.350-0.370 


(1.190-9.3911 


031S-0.J35l 


rll:001-1.S091g 


,.'40_,.260 


(6.096-6.604) 
L- 
-t 


- 
0.500 
~r- 
(12.101 


(D~~~ 
onD 
D DO-.:r 


0.016-0.019JL 
(0.406-0.483) 


0.230 


(5.142) 


"N 
CIRCLE 


-1 
(::~::IJJ 
.)6. 


0.029-0.045 


10.131-1.143) 
0 


NS Package Hl~ 
kage (H) 
d TO-5 Metal Can 
ac 
lO-Lea 


0890! 


0010=J 
122606!02541 


0100!0010 


I 
I 
11778D'DlS4l~ 
L'C]' 


0.050-0.060 


0.270-1.524) 
-.---1 
=r 
0.125 
(3.175) 


MIN 


k 
e HY08A 
NS Pa.c a61P (J) (Hybrid) 
8-Lead CavIty 


0.400:1 


(110.1BO) 
~ 
MAXGLASS 


MAX 
-f17.1741 
'0'" 
0.025 RAD 
0.291 


(U351 
17.Jt1l 


MAX 
----.l 


1 
Z 
J 
4 


M· 
t1 
rww;mT'·"'·'·11I 


1 


'.001-'.01' J 
~ 


l-. 0.385 to.025 --l 
0.100 
0.01810.001 
0125 


11.7'''''.63'' 
I'.•••) 
I-j LI"57'''57)-I~ -'- 
MAX 80TH ENDS 
. 
_. 
(3.175) 


0.10010.010 
MIN 


IU40tD.2541 


NS Package J14A 
14-Lead Cavity DIP (J) 


0.160 
GLASS 
1,,,,.,,,, 
n) 
SEAL AN' 


JEEBc~;~:=::~)J 
1. 
T 
0050 
--I 
"15" 
OJ, 
I-- 
(1110) 
I-- 
J 


19.77910.635) 
MAX 


O,100::!:D.Dl0 


(2.540.10.254) 
L 


,.,"&00' ...jl-- 


(D.4S1:!:O.D511 


NS Package J16A (Also J16S) 
16·Lead Cavity DIP (J) 


I 
0.31510.025 
I 


f-19.77ltO.63S,-l 
~ h 


O.100.tD.D1D 


(2.S4{It0.254) 
TVP 


NS Package J 18A 
18-Lead Cavity DIP (J) 


In ••" 
--r 
GLASS 


0291 


(7.3'1) 
MAX 
-.-1.. 


b~~ 
"10 
(23.2411 
(1.'74) 


MAX 
MAX 
" " " " " "" 
---tGlASS 


0.290 
(1.JA, 
MAX 


I 
,.•" 
MAX 


--+110 
.•• ,) GLASS 


0.400 


110.16) 


~ 


0.025 
iDilll"' 


RAD 


0.390-0.420 
r:19.9"-10.'&1) 


"00 
(5.0'01 


§£,.",.,.", 
~ 
('.'''-'.111) 


~~ 


'.'26 
13.175) 


MIN 
0.011tO.003 


IO.451.l:0.0761 


NS Package J22A 
22·Lead Cavity DIP (J) 


I 
0600i 


~~~40' 


GLASS 


0.515-0.525 


113.°"1".3351 


~O.590-0.620~ 


~ 


ll""_15."'I::::J 
I 
0.008-0.012J' 


(0.20]-0.305) 


0.615 ~:~~ 
0.060-0.1 
DO 
1--(-----..:m)--1 
(1.524-2."01 


17.399_1.524 


NS Package J24A 
24-Lead 
Cavity 
DIP (J) 


l-Pl0;:~0011 MAXOlASS 


0.515-0.525:r 


3351 


LO.6IS.tO.025 
I 
I 
(11.400.! 0.635)-----1 


0.005-8.025 


(0.121-0.6351 
I 


0.175 


(4.445)t 


h 
0.060-0.100 


(1.524-2.5401 


NS Package J28A 
28-Lead 
Cavity 
Dip (J) 


2.060 


1 


------------(52.]241 


MAX 
~ 
u 
n 
n 
n 
n 
~ 
J] 
JZ 
~ 
~ 


0.050 


(1.210) 


MIN (BOTH ENDS) 


NS Package J40A 
40-Lead 
Cavity 
DIP (J) 


14-23 


~ 


'::~=::::51 


0.325-0.350 
(1.255-1.190) 
~ 
12.9461 
-'! 


SEATING 
PLANE 
0.420-0.480 
-, 
IlD.•68_12.1921@ 
'.'38-'.043 


--11-- 1'.955-1."" 


2 MOUNTlNG 
HOLES 


0.151-0.161 
(3.835-4.089) 
DlA 
0.490-0.510 
R 
(12.446-12.9541 


NS Package K02A 
2-Lead TO-3 Metal Can Package (K) 
(Steel) 


0.325-0.350 
(8.255-8.891I 


0.760-0.775 
(19.30-19.69)-1 
1- 
..!..!!!..MAX 


I~ :sr="i' 


~l-1==~~"38~3 


0.420-0.480 
0.025 
(0.965-1.092) 


(10.69-12.19) 
(0.635) 


MAX 
UNCONTROLLED 


LEAD 
DIA 


I::: =:~~72~) 
RAG 


Jill..1...=QJ!LDIA~ 
(3.835-4.089) 


NS Package K04A 
4-Lead TO-3 Metal Can Package (K) 


0.115 


IZfI.l01 r 
DIAMAX 
--.l 


--, 
SEATING 
PLANE 


0.118 


(2.997} 


MAX 
+= 
0.430 


(1U21 


MI. 


-~L0460-0.480 
,111.68-12.19)~. 


CIRCLE 


~ 
0.760-0.115 


(O~~~ 
(19.31)4-19.685) 


U.CONTAOl~EO 
1_0_'A_1 
LEAD 
DIA 


'.325-'.350 
~ ET= I 
18.255-8.8901 
~___ 
••••• ~~""'"'~~ 


0.420 -- 0.480 
--l 
L.!.!.!!- 


(10.668 -12.192) 
t 
(2.946) 
-11__ 
0.058 -- 0.062 
MAX 


0.490 -0.510 
11.473 -1.574) 


(12.446 -12.9S4) 


0.161-0.1711 


(4167 -4.521) 


AAo 


1.117 -1.191 


(29.895 -JUD41 


o'A 


NS Package K02B 
2-Lead TO-3 Metal Can Package (K) 


0.160-0.715 


(t9.3114-19.6851l 
I 


MAXCIA 
'';;'':,',';~t~--l 


0.220-0.280 
,SEATING 
PLANE 


(5.511-1.1121 
0.116 


11 
0.040 
(2.9461 
~ 
r-- 11.0161TVP 
MAX 


NS Package K08A 


8-Lead TO-3 Metal Can Package (K) 


NS Package KC02A 
2-Lead TO-3 Metal Can Package (KC) 
(Aluminu,,:,) 


0.400 


~ 
ffiJ6T MAX:l8 


"51 


O.OBO 
0.250!.0.OO5 


12.0321 
:::10.121) 


1 
2 
J 
4 


0.030 
(0.162) 
0.040 


MAX 
~ 
~ 
0130°0005 


"~511~ 
_TV' 
~02'''271 


0009-0015 IJ 
----cI-,~:~:) 


10229-0 3Bl1 
----i ~ 
MIN 


1 
~0.025 
1 
0045!.0015 
J l-1--lL 001B!.0003 
(0508) 
---l 
0.325_0.015 
~ 
(1.143tO.3Bl1 -J 
L 
(0.451:.0.016) 
MIN 


(8.255 ~:~~~) 
I::~:) 


TY' 


0.030 


0.300-0.320 
(0.7621 


~*~ 
••, r-J 
----rJ" 
r--...J-1-~229_'JllI 
--l- ~ 


~I -'-3-2S-"-'-2-5~1 
0045-0015 J G11 
~(~~~8) 
0015 
(1143-0381) 
- 
-1h 
(3115) 


--- 
0018 tOOO] 
MIN 


(8.255 ~ ~~~) 
t: ~:) 
10457 to 076) 


TV' 


NS Package N08A 


8-Lead Molded 
Mini-DIP 
(N) 
NS Package N08B 
8-Lead Molded 
Mini-DIP 
(N) 


0.325~:~~: 


(8155.0.635) 
-G.381 


NS Package N 1OB 


10-Lead 
Molded 
DIP (N) 


~ 


1::::lj 
MI. 


0300-0320 
0030 
r:]:f 
'Ut' 
- 


9515 
0009-0015 IJ 
~6-:;:rt 
_' __ 
'_ 
~ 
~20 


I 
I 


(0.129-:::~~J_0.015 
} 
L 
II 
0.018tO.003 
~ 
(~51~11 


---- 
(1.80500.3811 
~~(0.45710.076)(:~~~5) 


o 325+f1·025 
0.100-0.010 


~ 
(2.54000.2541 


(8.255~:~:~) 


NS Package N14A 
14-Lead Molded 
DIP (N) 


""C 
':j' 
'< 
en_. 
n 
Q) 
C_. 
3 
CD 
~eno 
~en 


.IS 
E.-c 


C'O.~ 
U)>- 
.r:. 
c.. 


0.130.1.0.005 


13.30ZiO.1Z71~ 
--+ 
(~:II 
--Li 


I 
-I ~ 
II 
'.'"".'03 
I-- 
~ 
~f-- 
(0.457 
±O.OD1S) 
(2.5401 
TY. 


NS Package 
N 14C 
14-Lead 
Molded 
DIP (N-01) 
(Staggered 
Leads) 


0180 
~ 
i1'i"1"Z) 
0030 


MIN 
(0162) 


0300-0320 
MAX 
17620-1121) 
I 
(1.&5H 
..o"on 
oo09 
_. 
015 'J 


I 
1 
{0.229-0::;~±OD15 


OJ2Siil025 
{1905103811 
~ J 
-0015 


(a 255 ~.~;~) 
(:.~~ 
::~~) 


NS Package 
N16A 
16-Lead 
Molded 
DIP (N) 


~ 


0400 
(0762) 


i'i016O)TYP~AX 
~ 
~TVP 
o 130 to 005 
"~"m,,,", 
- 
- 
lJ 


0009-0015 'J 
---rI 


(0229-0381) 
---l- ~ 


0015t0015 
1 
~ 
[~~ 
0018 ±O003 
~(0058) 
(190S:!:03!1) 
~ 
0100 (0457i00761 
(2540) MIN 


(2.540) 
TVP 
MIN 


NS Package 
N 16C 
16-Lead 
Molded 
DIP (N-Ol) 
(Staggered 
Leads) 


'"'1 


j2.286) 


NOM 
15 
14 
0.092 DIANOM~ 
(2.331) 


PINNO.lIDENT~@ 
, 


,.,IO=-J 
(11.11) 


MAX 


IJ 
12 
1110 
'-, 


0.25010.005 
(±) 
(6.3510.127) 
-----L 


~ 
;~~:l~ 0030 
MIN 
(0162) 


0300-0320 
MAX 
~ 
r~-I1::'t+ I1L 
bF 
I 


r:..". -!-,::=::::, J I J 
I 
00]Ot0015 
~ 
I 
(016210311) 


•• '" 
"00 '00" TVP 
o.325~::~:) 
(2.5410.254) 


'.255_'.31' 
N16E 


NS Package 
DIP IN) 
16·Lead Molded 


0.092 


(2.3311 
D1A NOM 


PIN NO.1 
lOENT 


'.17' :-:::1 
(22.091' 


MAX 


U'4UIZl1 
t 


0.25010.005 


(6.:J50tO.127) 
--.-i 
.. 
J 


~ 
l~~~:)~ 
MIN 
0030 


0300-0 J2D 
(~~:l 
~ 
W:t 
"." 
I 
-- 


00"-00" 1 
!SOtS- --- 
-1028-8..3111 
I J 


I 
002510015 
r- 


I 
•• '" 
I"" 
'03'""00 
'00" 
0.325-0.015 
(2.54010.2541 
-----:;om) 
TYP 
(1.255 .•• :381 


NS Package N~18p~N) 
18-Lead Molded 


D.nDtO.OOS 


(J.102iO.12:.~20 


(O.5OIj 


MI. 


0.092 


12.3J7J 
DIA 
NOM 


PIN NO.lIDENT~ 
• 


"'''J 


11.112) 
MI. 


0.300-0.320 


~"'-'.12I1 


I 


NS Package N~~:(N) 
20-Lead Molded 


I1 


0.540iO.005 


J,0.1I7I 


0.510r: 
114.111:!O.OJO 


MIN 
(0.1621 


0.&00-0.620 
MAX 
1F115>4-15.74B1 


~ 


6°94" 


TYP 
0.015 


~~ 


_11_ 
0.011'0.00 
°'2510.3111 


O.100tO,OlO1IIG.4S1.tO.01&) 
13:1151MIN 


(2.54010.2541 
MIN 


NS Package N24A 
24-Lead 
Molded 
DIP (N) 


I1 


0.51010.005 


112.9510.121) 


~ 


0.062 


(1.5751 
'AD 


PIN NO.lID£NT~ 


NS Package N28A 
28-Lead 
Molded 
DIP (N) 


I1 


D.550:!.O.OOS 
JO"'I 


NS Package N40A 
40-Lead 
Molded 
DIP IN) 


I 


(9.144-9.652) 
0.170-0.190 


0.110-8.120 
O.1JO:!JJ,002 
0.240-0260 
(4.318-4.8261 
C 
Y 


(2.794-l.0481 
(J.102tO.OS1) 
(6.096-6.604) 
_. 


DI' 
3 
0.435 
0.480-0.520 


(11.0491 
0.lZ8-0.132 
(12.192-13.208) 
CD 
L 


(3.251-3.353) ----t 


::J 


DI' 
t/)_. 
0 


1.210 
::J 


(30.7341 
~- 
\ 
t/) 
REf 
( 
0.285-0.315 


\~~J 
(7.2]9-B.00l) 
L 
-t 


0.060 
0.405-8.425 


(1.524) 
(10.281-10.195) 
REf 
0.014-0.028 
1.210 


(0.610-0.111) 
IJD.7J41 


TV' 
REf 


0.047-0.049 
1 


(1.194-1.245) 
TV' 


0.195-0.205 
0.095-0.105 
-J~O.019-0.026 


(4.953-5.207) 


(2.41l-2.667) 
0.047-0.049 
(0.483-0.661) 
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